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Systems

a sustainable way of fish
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What is RAS, and how does it work?

SHORT INTRODUCTION TO RAS
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Tank based Fish farming new water exchange pr. Kg production.
A

A

100% flowthrough : 30.000 liter/kg to maintain sufficient oxygen levels

Reuse: Internal or external aeration to maintain oxygen= 10.000 liter/kg. Total
ammonia Nitrogen levels become limitation factor.

*GO D=N=D O
filtration. = 3000 liter/kg

1 anodzldanbrug’ ® & AKK), IhM< = @9 FA; 9D 9FK

Intensive RAS: with mechanical filtration, biological filters with autotrophic
nitrification and Heterotrophic BOD removal. Efficient gas exchange Oxygen in and
CO2 out. Alkainity , pH and temperature control. = 300 liter/kg.

Super intensive RAS: Also include denitrification, protein skimmers, ozone UV= 50
liter/kg.
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RAS farms opens for new possibilities :

AAny location: Coastal, Inland, Urban, close to market save
transport.

AMinimum discharge, water can be treated to zero waste
discharge.

AAny temperature can be achieved.

AAny salinity, so both fresh and seawater fish can be raised.
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RAS farms build in Europe past 10 years

A Salmon smolt and post -smolt stand the majority of RAS

A Landbased ongrow farms for salmon and trout.

A More exotic species like Yellowtail Kingfish, Turbot, Sole, Jade
Perch, hybrid striped bass, European Seabass, Catfish, tilapia.

A Small farms producing warmwater shrimps ( Litopenaeus
vannamei )
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RAS farms build in Europe next 10 years.
More of everything J It can be done.

But focus on environmental solutions, and
lower Capex and Opex.

Permits must be smoother.
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10 YEARS

Design & installation of RAS



ABOUT US

RAS Design & Engineering company,
specialized in challenging land-based

aquaculture projects
Founded in 2014

Main working areas:
Research and Commercial RAS

Finfish and shrimp
Aquaponics and biofloc systems

Research, pilot and proof-of-
concept systems

Aquacu lture wastewater treatment
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Where to start?

LETS
BUILD A
RAS

FARM! What information
do we need?
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WHAT INFORMATION?

Costs (CAPEX & OPEX)

Feed use
| Water use
| Electricity use

Size of the farm
What equipment do | need?
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PROJECT PHASES

N

N

N

N

Conceptual Front-End Detailed Engineering .
Engineering > Engineering (FEE) > Procurement > and Pre-construction Construction > Startup
Ll -Contacting -Assembling the | -Assembly of RAS,
. : -Sizing suppliers Installation team pipework, tanks, | -Starting biofilter
-Reviewing site . : : ;
components -Finalising detailed | hydroponics, maturation
L : -Placing purchase | construction monitoring - Performing tests
-Establishing main . : : _

: . -Finalising designs | orders drawings systems, sludge | and small fixes
dimensions of . : . :
system (RAS -Liaising with | treatment -Training the client

' | -Detailing budgets | -Coordinating contractors -Coordinating with | and staff
tanks, plant c :
transport logistics - Final purchases contractors

culture) and cost

Results

-Feasibility of the
project at location

-Possible
challenges ahead

Fi ndesigh

-Lists of materials

-Equipment
deliveries on site

-Arrival on site

-Construction
drawings
planning

and

-Finished system

-Project closing

-After
support

sales
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THE LANDING WAY

.
Step 1 >

Thorough assessment
of the projects requirements

aOE and objectives

® Close communication with client

® Aspirations and expectations are clear

® Resources available

® Production targets

A\

o Site feasibility

Step 2

Production planning
® Realistic growth data
® Harvesting schedule suited to market reality

® Egg/fingerling supply based on
realistic market conditions

® Optimal use of tank space
¢ Minimal stress to the fish

® Final confirmation with the client

> Step 5

System design
® Optimal use of space (yield per m2)

D_I_| @ ® Optimized workflow
—— A\ 4

e Biosecurity and risk compartmentalization

[ ® Reduce manual labor where possible & sensible

m[ D] ® Optimize production efficiency

® Minimize environmental impact

» Water source conditioning
* Waste management solutions

= Step 4 & Step 3 &

Equipment selection System engineering
¢ Always aiming for optimal water quality * Realistic modeling | \
* Reliable equipment from reliable suppliers eTransparent safety margins . o
® Value for money Vv —_— * Conservative assumptions
e Suited for purpose without compromising z *Math proven by our track (W ‘
® Redundancies and safeguards Vv : record of perform.mg systems : l
® Integrate advanced technologies and ‘ Prov_en technologles.where = ibis

sustainable practices I | and innovative solutions where needed

*Our process is documented for scrutiny
> Step 6

Final design
approval by client

Step 8 <€ Step 7 €

Support: we stay Construction and implementation

with our clients

®Training programs ® Procurement
®Knowledge sharing X QO * Building equipment in-house I
° Technical support * Working with skilled subcontractors & suppliers
* Remote monitoring EIEIE] ® Meticulous Site Acceptance Testing
oS ts & EJ1E] ] )
pare parts e Start-up to deliver the system fully operational

Maintenance services

® Project planning & management




WHERE TO START?
PRODUCTION PLANNING!
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Voluntary Feed Intake model

® VFI model

@ Seae Batch 1

@ Seae Batch 2

® Seae Batch 3

O Biomar (maxio 2162)
o Aller Aqua Nova EX
O Aller Aqua Triton

® P0073

40 45 50 55 60 65 70 75 80 8 90 95 100 105

Time (weeks)

110



Fienumeration batches 2| wecks

Lo i sentinn e briadie diascaibe whatthis bizglan i hasad o, Fmaifam cleat what o, Stage  Name Min size [g)  Max size [g) Tank density Tank volume Tanks per batc Overlaps tra tanks__ Total tan{ Maz FL (kgtd) Meeksistage Montali Morts p ek
o WS R Si Batch 1 Batch Stage| | Hatohery 2,00 5 20 15 ] 2
Starting week 1| week Starting week week Stage2 | Fingerlings 500 30 a0 35 il 5
Batch 2 Batch 12 Stage 2 Juuweniles 20,00 00] 55 55| 8
Stanting week illuwesk | stantingwesk week Stage# | Ongrowing 100,00 555 62 250 1 1 22
Batch 3 Bateh 13 Stage5 | Grow-out 555,00 2650 82 725 4 1 38
Starting week 2i[week | startingweek. week Grow-out2 5500 a0 250 i 4
Description = -kt - Batch # Batch 14
Species Mazgna Starting week 31| week Starting week. week,
Stocking weight 2 g Batch 5 Batch 15 Minimal havest size 2250 |q Haruest check
Production target £75.000 | Katyear Starting week difweek | Starting week. wesk Cultivation week 69 70 7 72 73 74 75 76 77
Total mortality Batch & Batch 16 Mumber of Fish 5725 00| 5475 | 5275 100 4375 g8s0] 4725 qe00] of il il 0 0 [ [ 0 i
Cultivation time weeks Starting week 51 week Starting week week
Harvests per year pertyesr Batch 7 Bateh 17
Average harvest size a Starting week £ week Starting wesk week Year 1 2 E) 4 5 6 7 [ 9 10 Average
Fingerlings per year pos Batch 8 Batch 18 Fish harvested (indivdualsiyear) E 186.932 267.254 266616 269,754 262904 267.754 267.254 266615 268754 fishiyear ‘Adjust formulas in cells WIT, Y19 and V20 to get
Fingerlings per bateh pos Starting week 71| week Starting week week Total harvest [kghyear) 290 47E2TH Be7.924 GETATD Be7.232 EZ7E41  BETTES 627.962 GETAT0  BE7.232 kafyear find the average ower your chosen years,
Total mortality per batch pos Batch 9 Batch 19 Percentage of production target 003 061 09 1018% e oo 10 101.9% ok f0lex
Reglliled [in!ellings per batch pos Starting week week Starting week week .mrenge harvest size fish !I 26478 26740 26725 26671 26152 2BEZE 26728 26725 26671 q
Batch 10 Bateh 20
Starting week week Starting wesk week N T Gl
B = Haruest per batch 182228 kg thatisin are affected by Fillin the data again in praduction
1. Use the numbers in the headers to walk through the bic-plan Feed given per batch 169872 kg
v —————] FoRr produstion line changes mad in linez 2-12 £o gat new outputs
212 orange oells
| 2. Grey cells with crangs test are important cutputs Maz. biomass ke
4. Mates are added to help you quide through the bio-plan. Maz. feed load kgtday
h R ] Harvest per year periyear Reset Calls Updste formulas il cells
Bugs, suggestions or quastions can be sent ta: Modelled harvest per y: kahesr
39,3134 34,71268208 20,3436 24,6523 2854379577 3276445382 3713472156 184019158 462682 5100734275 5584754823 60,77956991 661120061 715731528 771578087 52861204 8867833204 34,5083 86,69402 9114272955 55,6249 1001390812 1046836683 109,257 113,853 18487 12504 127818 13252 137244 141983 146,756 151657 155585 161538 19518 171522 17655 181602 19A.E677 191775 196,895 202,037 2
‘ear 1
Manths 2 3 [ 5 ] [ 10 n
Wik of the year 1 2 3 4 5 & 7 3 9 10 n 12 13 it] 15 16 17 18 19 20 21 22 23 24 25 26 27 2% 29 30 H 32 33 34 35 36 37 3% 39 40 4 42 43 4“ 45
Total weeks cumulative 1 2 3 [ 5 [ 7 8 [ 10 n 12 13 1 15 1 7 18 19 20 21 22 23 24 25 26 27 28 29 30 E] 32 33 ) 35 6 a7 s 29 40 “ .2 3 " 45
Batch 1
Cultivation week 1 2 3 [ 5 [ 7 [ [ 10 n 12 13 " 15 . 7 18 19 20 21 22 23 24 25 26 27 28 29 20 ] 2 23 ) 25 % a7 s 29 10 “ .2 .3 “" 5
Euatch_Cycles [ stemT |
Erodyweight_CALC_1 2
Bodywsight_CALT_2 [
Eodyweight (g] 2,00 397 ETE 10,33 14,29 20,28 2657 33TE 41,88 50,91 [k: e 836 96,4 10,1 1247 1403 156,39 1744 1922 ez 2325 2638 2761 2992 Xy 3485 IT4E 4018 4296 4538 4285 519.2 G611 5339 EI7T E624 E28,0 T4T TELD 200,28 2402 2802 azz2 9647 1
Grawth rate 028 040 052 054 077 0,30 103 6 129 142 156 159 182 196 203 223 236 250 263 277 231 304 31 33 345 359 372 388 4,00 41 427 44 455 459 402 +95 510 523 537 551 565 579 592 606 520
Mortalit_CALC farzd
Mumber o fish 59252 53773 6029 67299 6657 GGG 55076 54772 BH4ET 4163 53959 53555 53250 52945 52896 52345 52795 52744 52697 B2E4D 52592 52542 B2491 52441 62390 52339 62289 B2 B2iBB  B2M G037 2036 GARSE  GIGI6  GMOR4 B9tz G901 BIBD G178 GIGEF  GISE G146 Bl BI23 G
wheekly_Mortalitg_CALC 472 472 ™ T T4 T4 ™ 304 304 304 304 304 304 304 61 51 &1 [l &1 61 &1 &1 61 51 [l &1 61 Ll al 61 al 51 61 &1 l 1 11 ul 1 11 ul 1 1 1 ul
Woluntary Feed intake (2] 4% TEN (324 41 TR ek A 2,9% 7% 285 24% 2,3 2,24 21 2,0 192 195 180 17 17 142 145 135 13% 123 125 125 1% JAES 11 10% 10 105 102 08 09 09 0.8% 0,9x 08 08 0,8 ngx [k ngx
Biomass (ka) 2355 3973 6030 8532 1463 1828 18596 22937 27731 32973 36658 44773 51315 56283 85976 MBS 52817 91962 0553 Meas 122283 133353 14308 156335 169440 182420 195575 209803  2P4205 233078 254421 2702E3 286513 303253  J207M4 330660 35038  3TEORT 395447 415359  435VED  4GEES) 47034 499908  GRZEES &
Feed Load (kg) 2213 3038 3932 2471 4129 49,26 67,09 E553 7427 8328 az54 102,01 s 12156 1222 42315 154,32 185,72 17736 189,21 17329 18229 191,25 200,28 209,37 212,51 227,72 236,97 246,28 266,64 266,04 27449 283,98 28251 03A HIIT 32308 23204 204 36210 363,20 37336 382,56 39379 404,07 ¢
Totalfeed load pet wesk (kal 10370 BII0 206 V0 24038 2162 3491 403,08 463,55 52603 59049 656,59 2421 793.22 96764 943,92 02203 10184 N33 126630 155,79 1799 128059 134384 MOTA3 7143 WIEI B0DEZ  IBEEFE  IPA26  WOR.00 198324 12070 199646 206506 21404 220339 227200 2ML06  2M3ST 248431 256507 262676 209848 2FTOM 28
Tankage needed (m3) na 1\Aa 20,1 284 a8z 434 BZ20 Hr A4 B0.0 T0.3 ald4 433 106,10 06,4 L1 1336 "a3 1634 1802 1872 2181 2337 2631 2733 2342 3153 3384 36LE 3866 4104 4364 4621 4231 3911 4130 4365 4635 4823 i) A3l4 i) AE3.0 BOAE B36.3
Tanks required UNROUNDED 03 12 08 03 1 14 12 02 03 1 12 15 17 19 04 05 05 08 07 07 02 09 03 10 1 12 13 14 14 15 16 7 13 20 05 08 08 08 07 07 07 02 02 03 03
Tanks= required_ROUMDED 1 2 1 1 2 2 2 1 1 2 2 2 2 2 1 1 1 1 1 1 1 1 1 2 2 2z 2 2 2 2 2 2 2 2 1 1 1 1 1 1 1 1 1 1 1
Densityin tank [katm2] 18,7 122 w2 244 14 212 2EE a7 B0, 20,0 5,1 40,7 4E7 62,0 264 29,7 330 68 40E 47 429 622 620 4 229 3 92 42,0 448 478 808 64,0 673 E0,7 44,2 487 493 B18 45 673 €01 E20 BB E9.0 w2
FCFL_Feed Load_CUMULATIVE 037 2614 4738 5713 e 1032 15482 19512 24145 29403 3634 #1880 49122 5705.4 85730 5163 85390 36408 08241 120305 132453 14643 167450 170883 184962 193677 26035 231041 247ERS  PEOOL1 262992  GOBAS 320912 340376 IGIZF 382667 40430 4EFIZ 4564 475200 500043 52653  OGIGE4  5TSS43  BOBSE3 B
Harvested_N_of_Fish
Tanks used! Harvested_ka_from_N 1 1 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2
Density with Tanks uzed! FCR_Harvest CUMULATIVE w2 244 164 212 266 204 262 30,0 361 40,7 467 B30 132 X 16 134 203 223 245 267 230 a4 333 365 382 420 448 4738 B0.9 G40 G673 BT 221 234 245 548 273 286 an1 356 330 345 360
Batch 2
Cultivation week 2 3 4 1 13 ¥ 2 9 10 n 12 12 " 15 16 17 1% 19 20 21 22 23 24 25 26 27 2g 29 20 k| 22 2 kg 25
Batch_Cycles
Eodyweight (g] 40 L33 10,4 143 203 266 ek 3 503 609 e 238 964 1o 1247 40,3 156,3 1744 1928 22z 23285 2638 276, 2993 Xy a5 IT4E 4018 4296 4538 4285 5133 8611 5339
Grawth rate 040 052 064 077 090 103 16 129 142 156 189 182 196 209 22 28 250 263 277 241 304 3 a3 345 359 372 288 +00 41 427 441 455 458 402
Moreality CALC
Mumber o fish 53779 53039 57293 56557 55215 55076 54772 BT B4 53959 535E6 328D 52945 52995 B2B45 62735 B2TM4  G26O3 62843 G692 E2B42  B2491 G244l 62990 62309 62289 62238 62199 BANO? 62087 62036 G196 61936 Ga24
wheekly_Mortalitg_CALC 472 ™ ™ ™ ™ ™ 04 304 304 304 304 304 04 ) &1 61 Ll 51 61 51 51 61 &1 51 51 61 51 &1 61 )l 61 &1 61 ul
Woluntary Feed intake (2] TEH E.5H 1 3T ks A 29% a7 5% 24 2,34 2,24 21 0% 195 195 18% 1% 17 14% 142 13 134 12% 122 125 1% 11 11 10% 10% 102 105 08z
Biomass (ka) 3973 6030 5532 46,3 1623 18596 22937 eTTAl 323 33656 44773 5118 56283 65976 THE5 42817 919B2 WGBS NGRS 12289 133369  M4305 196935 163440 152920 195575 209803 224205 230078 6442 270233  EGE6M3 303253 G207 X
Feed Load (kg) 204 297 4.7 43 494 LA E65 T4 233 925 nz,0 my 121 1222 LAl 1543 1657 wa 1242 1734 1|z 1912 2002 2094 215 277 2370 2462 2656 266,0 2745 2g4,0 2928 2022
Totalfeed load pet wesk (kal 57,70 2815 9170 24038 29162 4491 403.08 46385 B26.09 590,43 65659 Te2! 793.22 95764 94383  W2200  MOLBe 18232 126638 MISSTO 12789 120080 14384 MOTAD  MTI43 58D 160062 66576 I7TAI26  TFORO9 196324 192070 199645  2OEE0G 21
Tankage needed (M) 133 20,1 284 %2 43,4 BZ0 .2 462 66,0 E44 T4E 265 a7 943 1053 nz3 1314 1451 1696 747 130,56 2070 2242 2421 2608 27498 2937 3202 415 235 3BEN 4092 4332 2911
Tanks required UNROUNDED 13 0§ [ 1 14 12 07 02 10 12 14 16 12 04 04 05 05 08 08 07 02 03 09 10 10 1 12 12 14 16 15 18 17 05
Tanks= required_ROUMDED 1 2 1 1 2 2 2 1 1 1 2 2 2 2 1 1 1 1 1 1 1 1 1 1 1 2 2 2 2 2 2 2 2 2 1
Densityin tank [katm2] 167 122 172 244 14 22 268 9,7 B04 E0,0 36,1 407 4E7 62,0 26,4 287 221 368 408 47 488 622 620 B22 E72 265 82 42,0 “z 478 808 64,0 &7 B0 4.2
FCFL_Feed Load_CUMULATIVE 1037 2614 4796 8713 e 12032 15482 18512 a5 23409 35314 HEB0 4322 57054 65730 7HIES 95390 9B4DS  WE241 120305 13463  M4643  167ED 0383 164362 199677 25035 230041 247693 26501 262382  OMELS 920912 G408TE  O6NBLT 3
Harvested__of_Fish
Harvested_ka_from_H 1 1 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2
Batch 3
Cultivation week 1 2 3 4 5 [} 7 & 3 10 1n 12 13 14 15 16 17 138 19 20 fal 22 23 24 25
Batoh_Cycles | smaRT
Bodyweight (q) 20 40 63 04 13 203 68 338 H9 503 803 it 838 364 o1 1247 1403 6.9 a4 128 2@E 2385 2533 o6l 23
Growth rate n2g 040 052 064 077 030 103 1€ 129 142 158 169 1822 196 2,09 223 2,38 250 262 77 29 204 218 33 345
Mortalit_CALC 59724
Mumber of fish 69262 ek ] 52033 57298 BEGET 5218 BEOTE 54772 BHIET B41E3 53863 53565 53260 Bzad4e B2898 52845 L 52744 g BZE43 52592 62642 G243 2441 52390 t
Weekly_Mortality CALT a2 472 41 ™ ™ ™ 41 304 304 304 304 04 304 04 51 51 51 51 51 51 51 51 51 51 51
Woluntary feed intake (3] a4 ThH BA 41 ki 33 kAR 28% 27 265 24 23% 22w 21 20 19 13 18% 17 17 14 143 13 13% 12%
Biomass [kg] 2365 WD E02,0 8532 46,9 Heze 19698 22937 27721 32973 JPEGE IR 5128 hg2agl EBST.E THES szey 9196,2 101629 MESS 122289 122364 14430, 166925 1E344,0 L
FeedLoad (kg 221 304 393 7 413 434 571 855 743 833 925 1020 me 216 122 1431 1543 57 w4 w2 1A 1523 Wz 23 2034
Total feed load per week [kg) 10270 167,70 21215 9170 240,22 29182 4491 403,08 463,65 B26,09 630,49 EBERY Tt 793,22 BETE4 94293 102203 n1es 12232 1266,28 156,78 121799 1220,69 124284 140742 g
Tankage needed (m3) ne 199 204 204 302 494 620 02 52 550 644 48 955 az 943 1059 183 1314 HEI 1595 14T 1905 2070 2ze2 a2l
Tank.s required_UNROUMDED 08 13 0E 0% 1 14 12 o7 08 1.0 12 14 1€ 12 04 04 05 05 0 0E o7 0g 02 03 10
Tanks required ROUNDED 1 2 1 1 2 2 2 1 1 1 2 2 2 2 1 1 1 1 1 1 1 1 1 1 1
Densityin tank (kgfm3] 15,7 132 172 244 6.4 ks 268 “r 60,4 £0,0 361 407 467 63,0 26,4 237 <Al 368 405 447 4349 633 G&.0 B23 B7.8
FCR_Feed Load_CUMULATIVE w7 2614 4798 ET12 aE 12022 15482 1951,2 24148 25408 ok 2e,0 49122 BT064 EBYL0 TEIES 26290 40,2 10224,1 120905 12246,2 TH4ELT 15746,0 1v0ees 18456,2 13
Harvested_hl_of_Fish
Harested_kg_From_M 1 1 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2

Batch 4
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FEED LOADS!

y)

Feed load (kg/da
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Cumulative weeks from first stocking
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= [eed load per day (kg)

= Feedload RAS 1

e cedload RAS 2

= Feedload RAS 3

409
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473
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489
497
505
513



CALCULATIONS

— Step 3 %

System engineering

* Realistic modeling

* Transparent safety margins
* Conservative assumptions

* Math proven by our track
record of performing systems

* Proven technologies where possible
and innovative solutions where needed

* Qur process is documented for scrutiny

@
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Step 4

Equipment selection

®* Always aiming for optimal water quality

* Reliable equipment from reliable suppliers
®* Value for money

e Suited for purpose without compromising
®* Redundancies and safeguards

® Integrate advanced technologies and
sustainable practices

@
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Step 5

System design

®* Optimal use of space (yield per m2)

®* Optimized workflow

* Biosecurity and risk compartmentalization

®* Reduce manual labor where possible & sensible
®* Optimize production efficiency

®* Minimize environmental impact

o Water source conditioning
* Waste management solutions

@
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SOME REALITY CHECKS

Be realistic & plan for Plan for setbacks Do it right! Plan it right,
the unexpected! be responsible

w Timelines

w Budgets

@
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Rob van de Ven
InNfo@landingaquaculture.com
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Case story: Skagen Salmon

AFullylntegrated Atlantic Salmon
RAS farm.

A 3600 (4000) tons 4 kg pgear

SKAGEN SALMON
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Baltic and North Sea Basins
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Ocean Lighthouse in the
Baltic and North Sea Basins
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W9¥Startfoder kar - 8 stk 4 7 m”
3. Yngel 1 kar - 10 stka 11 m® %
4. Yngel 2 kar - 10 stk 4 22 m®
5.Yngel 8 kar - 10 stk 440 m’
6. Pre grow out kar - 8 stk 4122 m’
7. Vandbehandling samlet - 830 m’

BYGNING

+ 6.685 Etage m”
Incl. sidebygning

*+ 2.000 m’ Solceller g - 4_,_’:1' T VANDVOLUME

1. Vandbehandling - 6 stk 4 1200 m’
9. Kar - 18 stk 4 750 m®
8. Kar - 12 stk 4 1100 m*

"~ BYGNING

+ 15.810 Etage m’
* 1126 m" Udvendige tanke
W00 m’ Solceller

SKAGEN SALMON SKAGEN SALMON

Smolt Grow Out
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Freshwatersection
A 5 RAS systems total 46 tanks

A Input 320.000ggsevery12 weeks

A Batchproductionall-in allout.

A Fishvaccinatedwith individualinjectionat 50 g.
A Output 1.100.000 possmoltsper year
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