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E(ecutive Summary,

A Concept Study on Introduction of
Vertical Aquaculture for Green Growth

A research on ‘Vertical Aquaculture’, a wholly new type of aquaculture
method, was carried out for the first time in the world. The study is focused on
identifying a concept and reviewing its possibility of an industry, a characteristic
of a concept study. The study was driven by needs for the future bio-industry and
mass production in aquaculture to meet an increasing seafood demand in the
world. It also aims to transform the current aquaculture which is carbon-emitting
and environmentally-destructive into a low carbon and green business.

The ultimate goal of the study is to develop vertical aquaculture into the
primary aquaculture industry for the next generation. Korean fisheries then will be
able to dominate global market in the world, which is possible through providing
stable seafood supply and value-added seafood. In addition, Korean fisheries will
be able to be equipped with international competitiveness and furthermore have
national brand image of green growth. At this time, the study is aimed at verifying
the possibility of vertical aquaculture and presenting basic policy direction for its
industrialization.

Firstly, it analyzed the industrial possibility of vertical aquaculture which is
still at fledgling stage around the world. It verified prospects of the business as a
new green growth driver. Secondly, the study presented key policy direction to
develop a new type of aquaculture into a leading aquaculture in the world. Thirdly,

based on the result, it provided the basics of establishing step by step strategies



il | Al AINARES] AFISEE Q8 HITIORAIARY] Lol 7] 241 |

for the industrialization of vertical aquaculture including detailed plans and
promoting pilot projects.

By and large, the study offered four policy recommendations. First of all, the
government needs to constitute ‘The Vertical Aquaculture Industrialization Group
(tentatively named)’ in charge of implementing pilot projects and paving the
groundwork for the business.

Second of all, the government should take the initiative in implementing pilot
projects since vertical aquaculture is firstly proposed and executed in the world.
Pilot projects should be about developing core technology and infrastructure for
the industrialization.

Third of all, vertical aquaculture is essentially aquaculture. Still, there are
high possibilities that it can evolve into ‘a type of multiple aquaculture industry’
at the center of cities. Therefore, the project needs to cooperate with multiple
Ministries, such as the Ministry of Knowledge and Economy(MKE) and the
Ministry of Science and Technology(MOST), rather than solely carried out by the
Ministry for Food, Agriculture, Forestry and Fisheries(MIFAFF).

Last of all, relevant laws on vertical aquaculture building permission and
approval in city commercial zones should be amended and enacted. This research
also suggested establishing policies like setting mid- and long-term policies as
well as budget compilation based on the study results. For that purpose, it
suggested that MIFAFF should establish general planning for vertical aquaculture

industrialization and carry out studies on detailed planning from 2012,
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2010 3,110,634 1,132,536 1,355,000 592,116 30,982
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22) EU CRAFT Project, A hyper-intensive fish farming concept for lasting competitiveness and
superior production(COOP-CT-2005-016869).
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7] A] o] F(bottom-dwelling)
SEP S
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A, raceway S wtet A 7] 3
ow, 7} He "olA = o
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23) Oiestad V. and Bjorndal T., Industrial parks for aquaculture, International Symposium on
Integrated Coastal zone Management, 2007.
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| B 4-a | ooy MAO YA EFY 4Y 34 54 5E
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o % o % o %
(mg/L NO2-N) (mg/L NO»-N) (mg/L NO»-N)

PP BN 0.19-0.39 | Labyrinth fish 28-32 Zhd| 7] 7.1-13
Cutthroat trout | 0.48-0.56 | fathead minow 2.3-3.0 Largemouth bass 140
Chinook salmon 0.88 =5 52 Smallmouth bass 160
o) o] 2.6 Bluegill 80 Green sunfish 160

Z}& :Russo, R.C. and R.V. Thurston. 1991. Toxicity of ammonia, nitrite and nitrate to fishes,
Aquaculture And Water Quality, Brune, D. E. and J. R. Tomasso, eds. Baton Rouge,
LA World Aquaculture Society.
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(mg/L NOs-N)

96LC50
(mg/L NOs-N)

180-200

Chinook salmon

1,310

Zham7]

1,400

Guadalupe bass

1,260

22740

1,360

Bluegill

420-2,000

A} Russo, R.C. and R.V. Thurston. 1991. Toxicity of ammonia, nitrite and nitrate to fishes,
Aquaculture And Water Quality, Brune, D. E. and J. R. Tomasso, eds. Baton Rouge,
LA :World Aquaculture Society.
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S)

MESHY o{mtx9| HEl(Types of Biofilters)
ESHA otz thofst gejot Hito 2 AL8E| 1 Qlom 2Ix|A]
(Submerged), AF4=A](Trickling), 3|71 THA](Ratating Biodisks/Biodrum), 353

(Fluidized Beds)¥} A= wjZ of}2(Low-Density Media Filter) 5-o] Qltth

7t AF4 oJ2H(Trickling Filter)

A% ojui 7|2A o wjhe] HAEA gk AL Astit

X4 Gt 2L 715 Ak ARSI B9 ofEoR B2

£E 22 We FUA AP SES GASES 98] YL ¥

Lok A 4 Abold] Bue Boleb|nct B2 AUA o] WAL

B3 7] 2 oo Aweld WA HaE AFHEE YA4 of
O

mefo] wrrhol o3 ojuhx Ew 9= Welwick

Zepad Pee) WAL o we EWA
7] uRol] A4 ofuhxo] v
& 7hzo] MR ofnt EUATY wl§L AASIE ELHole} I

=

30

L}, 3|AAl oAl o3IH(Rotating Media filter)

844 o ojahe 1A F xlxw gejo] = 717 L0 EHo]
Ao Slok 1y WAL Abs(FE )7 B2 87] WellA 2
3lal Qo o]F oItxE &3 ﬁﬁ% o] I} Z(revolving plate biofilter)Lt
Rotating Biological Contactors (RBCs)2}al 3ttt of=F A= 3O 40%7}
ehdlof] A Ew, HESHA] HE2 v £ follA] dojdty 12
Azt Sske AR biofime $EE §Ash B LS Bl

A .
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2wk ohuel, A4 B2HS Wol AN, Mg Aulrt aHER ¥
So SpAL o] WA Al AestA eru ok

t}, == Hl-8-7|(Fluidized Bed Reactors)
55 BHe7lA MAS 9EF B AR 2o a2 &0 '
oFEA Heh 27 2 A2 HAA 19-25mm)o] weE HAs] 9
7 WA A2EE AASL shortcireuiting S 97] 913
37] 919 A e YR B2l 2o o
ok AFEE 1 Ea gee) qae
S Hgo]ar A o] WSS =R o1} (fluidized sand ﬁlters)E]-_Tl
=dth o5 RVl UH® Ee 3ol o, nase A7
A ey 2 Aap e JAF Abe]o] o] gobA|al ¥ W =]
o] e ARpet HESHA AHS FA o fA kTt Hots
Hoh vRS7|E AAF SR 25~100%7FA] SHAFE T}

40(*
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g}, A= oA o3=Z(Low Density Media Filters)

53] floating bead filter2}al E2]+= A U= HT]o} ojitz= U3
F FEY o1} A= EZYoEdl F&(A7 3~Smm)E ARERITE &
= A7) Aofok skal T AW {0l B 9o =
o). o] wiEet A B Wihe AS T S8 o] Sl &
o] AA|=o] QU o3} S ZAw7] HeFo] AR offjo] qlow sz
2y RE7F A7|AoR 55 WA i e AAFE bl ARSETE

Bead filteri= AJ=3SH4] o3} oo 1P &S Ay e =45 7ML
o] &=L Qlth T AHILFE(TSS) b= YA A Y] matrix Abolof &
H JAEol ol o] Rzl F A o] dojuA Het o= dE YA
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Q3 2430 pHE 6.5-7.00]tk Lolrl Ale4=9] etmole} oz Ato]
AU A woH At Alatol Al F538HA 2F-gstH, dAikel a8 ol&
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o FFE ot sl A ZA AR HH F/4d 3 gHE(Toxic compounds)

= A4S 82 oSt RACR 73 Aol BT A ofF
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Ay Ao AHgEe AL A A8 7 sRoA s4S U
Bt =, 2=} Furanace7} A4kel Alato] oFg A4S WeRd vy,
Hol| Al erythromycin, chlorotetracycline, methylene blue 52 EA4d0] =2 4
o= yent 9l
L}, 22|14 L29I(Physical Factors)
Lsh Mg WAs] EAAGE He wele] eno) H4d 4 9)
O}, <IE 4650 K9} Zo| Ao WAks) o] TEo| 27 Hol

U
o F2 st ngE o] 71 Mol ot AR AT gou, B
o, Az Fe AR, Zold AR HREPL Sekags Aety g
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At FAAD A4 gl Fel Ak MEURS A@o] RABH- o
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| B 4-6 | Nitrosomonas(NS)2 Nitrobacter(NB) 472 Qo MY A0 =l

nAE == —}':1%{00) Source
ERd 24 Lkl

NS 30-36 30-36 - Buswell et al.(1954)
NS 10-40 30-35 - Kawai et al.(1965)
NS - - <5 Buswell et al.(1954)
NB 8-28 28 - Nelson(1931)

NB 4-45 34-35 - Deppe and Engle(1960)
W | || e
NB 10-40 30-35 - Kawai et al.(1965)
NB - - <4 Deppe and Engle(1960)
NB - - <45 Deppe and Engle(1960)

Z}& : Hochheimer, J. N. and F. W. Wheaton. 1991. Understanding Biofilters : Practical microbiology for
ammonia removal in aquaculture, Engineering Aspects of Intensive Aquaculture, Proceedings
from the Aquaculture Symposium, Cornell Unversity, Ithaca, NY, April 4-6, 1991.
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1 &= OF A A| A~ H](Hyper-intensive aquaculture)©| T}
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Strand H.K., Hansen T.K., Pederson A., Falk-Peterson I.B & @iestad V., First feeding of
common wolfish, Anarhichas lupus, on formulated dry feed diets in low water-level race-
way system, Aquaculture International 3, pp.1-10, 1995.
QOiestad V. & Aune A, Farming halibut in raceways, Final Report for the Norwegian
Research Council(NFR)-Project 109125/120(1996) 27s, 1997.
Qiestad V. & Klokseth V, Lumpsucker made ready for farming, Final Report for the
Norwegian Research Council(NFR)-Project 115897/122(1997) 20s, 1998.
Oiestad V. and Trond Bjorndal, Industrial Parks for Aquaculture, International Symposium
on Integrated Coastal Zone Management, 2007.
Qiestad V., “Economy of a 400 tons sole plant by use of SRS and RAS”, Sole workshop,
Portugal, 2010.
Qiestad V., Growth studies on marine organism in raceways, Final Report for the
Norwegian Research Council(NFR)-Project 104837/110(1992-94) 17s, 1995.
Qiestad V., More farm yield with shallow raceways, Fish Farmer Magazine Sept/Oct, 1996.
24, 1996.



| 4% a5l Tl Ty 2= | Of

A A L] EE742](standard raceway) 2] 7P 2 Afol=
9, o ASWE, de Zej s2olch 3, 49)(water level

o] Ato]=eof wet 0.7-25em BEE FATTE A =2 AR E(high
density) 2 200~300%2] o)A AFSSF 4= itk AR, WH(turbulent)Q} =
271 55 (phgflow)o] EAjo]ch

4] e 71 A

[
flo
¢

o] golslH= Holth. Akvaplan-niva@d Aol wF=H SRS T 109714

tho] ZHs BTkl B 9ok oAy AGFeAA AT 2

FAL T $x AL MeA st FAvER PR 5

o] WL FYL FHOR G oA BAHoR AwEi

HA L glow, Aol e b Abelol A A
X

e 5 glek

[l
i

pouy
o
N
e
2~

Qiestad V., Rearing concept for spotted wolfish, Final Report for the Norwegian Research
Council(NFR)-Project 104837/110(1993-95) 11s, 1996.

Oiestad V., Shallow raceway as a compact, resource-maximizing farming procedure for ma-
rine fish species, Aquaculture Research 30, pp.831-840, 1999.

QOiestad V., Shallow raceway as a solution to compact resource —-maximizing farming pro-
cedure of marine fish species. Framing Marine Fish beyond the Year 2000: Technological
Solutions for Biological Challenges, International Council for the Exploration of the Sea,
Tremso, Norway, pp.11, 1998.
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Feeding control from boat, barge or office

<AQA}®] Video Feeding Control System>
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HEFE

|38 6-1] QMO 2 U2 g4 GNNT 2L X 2573

| B 6-1 | Q2Lpaf M QATA HiE=F FO|
o ¢ FHHCO, %
2A7FA v ST 7
== 1995~
19953 199813 20014 2004 -
L=old] | 25,943 | (6.8) | 26,323 | (6.7) | 26,868 | (5.7) | 24,498 | (4.8) | -5.6
ol 2,565 | (0.7) | 1,794 | (0.5) | 1,831 | (0.4) | 1,109 | (0.2) | -56.8

A=A 176,261 | (45.9) 182,851 | (46.4) (212,383 | (44.7) (219,674 | (43.0) | 24.6
A7) 7 2
P 84,719 | (22.1) | 97,258 | (24.7) | 141,370 | (29.8) |169,914 | (33.2) | 100.6

A 2,457 | (0.6) | 2,053 | (0.5 | 2,468 | (0.5) | 2,489 | (0.5) 1.3
AE)AY | 91,945 | (24.0) | 84,125 | (21.3) | 89,741 | (18.9) | 93,560 | (18.3) 1.8
F () AR P49

A GRS, “FZ Sefele] A SAUZRA whETE A W AAFE, 2008
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| B 6-2 | 1 229 ¥z2E 950
o %
RIS 2z =7}
ag | wm | a4 | Az | F3 | age | 33 ‘
18.2 26.7 343 26.9 5.2 12.3 25 30

A= 35 ZHo]X|(http://www.me.go.kr)
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= o T O
o) - it
w71 11,0009€/kg 714 =71 8,000kg/ R 714

3 ou Adeel [ Adeler | Ages | Aueled

AJ4Hd(20kg) | AAHI(60kg) | AJAHI(20kg) | ABAHE(60kg)

B | 23,300 62,900 17,900 46,700

+ 9 OFAl ufj= 19,800 59,400 14,400 43,200

71e} vj& 3,500 3,500 3,500 3,500

AA 10,110 26,850 10,110 26,850

OFA] 8,720 25,460 8,720 25,460

- AF&EH] 7,776 23,328 7,776 23,328

Soqu] - Q1AM 250 250 250 250

e - 24y 495 1,485 495 1,485

- HiATH] 99 297 99 297

- 7] € 100 100 100 100

7] e} 1,390 1,390 1,390 1,390

217 | 3,800 3,800 3,800 3,800
Aty

Abz1] OFAIA] A 2,750 2,750 2,750 2,750

e 71X A 1,050 1,050 1,050 1,050

GZ| K] 1,147 2,821 1,147 2,821

A 2,150 2,150 2,150 2,150

=81 OFAIA] A 1,265 1,265 1,265 1,265

71X A 885 885 885 885

H)-& 34 17,207 35,621 17,207 35,621

OFAl T}7]44=9] 5,918 27,104 518 10,904

Al B7)4E(%) 29.89 45.63 3.60 25.24

Z g4 6,093 27,279 693 11,079

Z F715YE8(%) 26.15 43.37 3.87 23.72
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WY T IR e Felrh AR AFE Ao SRR
WA ] A% BolhA0] 9500k ool Slojot Eajselgo] Mgt
3 AR UEhETheS) FRER B 2,00088250m)2] B9 wejrhZol
1Rh 3k 19 2,000 d0llA 7 = &) il 7,000 olstolAs Tk
o go] mpoluAg HYrh
| B 6-8 | MANS HOjATO G2 ENLAE
o %
500 1,000 2,000 2,500
_‘-1]_ 1:]_7 [ o s [¢} s [¢} ) o
7R (1,650m) (3,300m) (6,6001) (8,250m)
12,000 24.93 26.50 26.92 25.78
11,000 19.46 21.11 21.75 20.76
10,000 13.97 15.71 16.57 15.72
9,000 8.46 10.29 11.38 10.67
8,000 2.94 4.86 6.17 5.61
7,000 -2.60 -0.59 0.95 0.53
6,000 -8.15 -6.06 -4.28 A4.55

QeA, ofE £AS AFEA o] whet B Ffolvh Lhel, mAHGE A
SE A2HC S HEAE & Aol7t AEE B Urh
2

45) ZFHAkalsRY, TR FAFEZ A A A, 2006.
16) BELAALLH0O JETRN Y Ay BAAOAE Y] 4ETY 3
AL ashaA AAHE9 At AL Wi ol dolw, 7hst 3 A
S U A e B NS B0 S A0 el ol e
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