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Recirculating aquaculture systems

0 STUDY OBJECTIVES METHODOLOGICAL ARRERROD

0.1 Introduction

Recirculatig aquaculture systems (RASYe landbased aquaculture facilities, either open air or
indoors, that minimise waterconsumption by filteringadjusting and reusing the watertCompared to
traditional pond or open watesiquaculture the water recirculation processa RASnakes it possible to
control the culture conditionand collect waste In additionJand-based aquaculturevoids escapees
and limits external transmission of diseases and parasites.

RAS gives promise of more sustainable food production with healthier lfister consumption of fresh
water, and shortertransport distancesas fish can be grown closer to the marke®y controlling the
culture conditionsaquaculture production ira RAS facility can be established almost anywhere
regardless oflocal conditionsBy moving the production on land,can ako mitigate the scarcity of
available space andompetition for access to seareas.For exampleAtlantic salmon can be produced
in Dubai orFlorida whilewarmwater shrimpscan be growrin Northern Europe.

On the other hand, a RAS facilitgnds to bequite expensivelnvestment costs arehigh, and the
recirculation technology consumeast amounts ofenergyand requires tobe controlledand managed

by a skilled workforce Furthermorethe technology remains to prove its viability olarge-scale
producton, especially concerning saline water environmekish welfare is not necessarily ensured in
RAS, andeyeralprojects have experienced mass mortalitiie todesign errors or technical difficulties
of the water recirculationLastly, without the corret management, fish grown in RAS can have a muddy
or earthy off-flavour.

In a world characterised bgrowing population andthe need forincreased food production limited

fisheries resources environmental impact of traditional aquaculture production,i _ "~ j i np h ™ m¥%n
demand for locally produced, environmentally friendly produtk&re is increasing interest iRRAS
Severalcompaniesbased or originating in the Ebke leading theway intechnological development

This study aimdo givea better understading of the sector in the EU, is8ze and potential for growth.
The study includes a mapping of the sectatso putting thetechnologyin perspectiveand comparing
it with traditional farming methods.Three case studieseekto assessthe impact of thetechnology on
competitiveness,the impact on operating costs andhe differentiation strategies in sales and
marketing.

0.2 Methodological approach

The study was conducted in three stagéihe first stage was a desk analysid studies, projects and
initiatives, as well as a mapping of availabléata sourcesStage two consisted of interviewsith
industry stakeholders to complement the desk analysis dhe data collected from publicly available
sources|n the third stage three case studiesvere developed to analyse th®AS production cdome
relevant species

The case studiesvere selected so ado highlight different characteristic®f RAS such asdifferent
water environment, technology and speciéhe first case studyconcerns Atlantic salmgnwhich
through its life cycle is reared botin fresh and saline waterenvironment Most of the large RAS
projectsand technology developmesitboth in the EU and globallyocus on this speciedn the EU,
rainbow trout is by far themost producedspeciesin RASand Denmark is theop RASproducing MS.
Hence, thdocusof the second case study fseshwaterrainbow troutproduction in DenmartK he third
case studyconcernsyellowtail kingfish(Seriolalaland), a warmwateffinfish not indigenousto Europe
The consumer demand for this species is increasing, and whigeloécal natural environmenis not
ideal to produce itnearthe-market productionis facilitated with RAS technology




Recirculating aquaculture systems

0.3 Overview of data sources used for this study

This study is base@n a combination of available official statistics, interviews with and information
from stakeholdersas well ascalculations and estimates by EUMOFA expegisations are provided in
footnotes throughout the studyThis chaptercontainsa short descripbn of the main statistical sources
used in the study.

0.3.1 EUMOFAquaculture production

The EUMOFA database includes yeadyaculturedata (production volumes andominal valuesin
EUR by Member Statecommodity groupand main commercial speciésThe main source is Eurostat,
complementedwith data from the FAO, national sources and sector associatfofiie latest year
availableat the time of drafting this study wa2018.

0.3.2 EUROSTATaquaculture productiofior human consumption (fish_aq2a)

The dataincludes yearly aquaculture production at farrgate (first sale intended for human
consumption)y country,species, cultivation method and aquatic environmémtonnes e weight,

value inEUR and average price (EUR/tonn®@) © “pgodqgqlodji h ocj _ °M ~dm”g
asnt no hn rc " m> oc” rVo m dn m pn”- _3\Vao m njh" ajr
Due to confidentiality issues,he disaggregated data does not necessaridgntain all production

volumes From the reference year 20l14details on production method, which would introduce
confidentiality, may be hiddeht > g\ mdi b oc” kmj _p”" orhgre,ssfromocj _  © i
the reference year 2016, small confidential production volumes mayhidden by declaring them as

'not significant®.

Thefirst dataset used for this studywas last updatedon the 19" of November 2019.The analysis
revealed severapossibledata gapsor missing data. Ajuestionnaire was sent tthe Member States
in February 2020 asking foexplanations or amendments concerningissing data.Twelve Member
States responded to the questionnai@md 9 of them providedadditionalor adjusted data.

A new dataset from Eurostat was downloadéthst updatedon the 28" of May 2020), crosschecked
with the dataset from 19" November 2019 and adjusted based on the feedback from the 7 Member
States. The adjusted dataset revealed possible missing datam Poland in 2018 and the Polish
governmentwas contacted forclarification Additional data from Polandvas receivedon the 9" of
September2020 and added to the dataset.

Due to updated data from France, the last dataset from Eurostat (last updated th& Nidvember
2020) was downloaded late Novembe2020 and combined with the feedback from the different
Member States.

All analysesof on-growing aquaculture productiom the EUreferring to Eurostain this studyusethis
dataset The latest year of reference is 2018.

1 Commodity group (CG) and Main commercial species (MCS) are EUMOFA aggregates harmonising ERS spdd@s codes.
information onEUMOFAarmornisation andthe different correlation tables is available at
https://www.eumofa.eu/en/harmonisation

2 More detalis on the sources of data is available &ttps://www.eumofa.eu/en/web/eumofa/souresfsdata.

3 https://ec.europa.eu/eurostat/cache/metadata/en/fish_ag_esms.thapter 3.4

4 https://ec.europa.eu/eurostat/cache/metadata/eh/fisq_esms.htmchapter 7.2



https://www.eumofa.eu/en/harmonisation
https://www.eumofa.eu/en/web/eumofa/sources-of-data
https://ec.europa.eu/eurostat/cache/metadata/en/fish_aq_esms.htm
https://ec.europa.eu/eurostat/cache/metadata/en/fish_aq_esms.htm
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0.3.3 BJROSTAT production ofhatcheries and nurseries gtivenilestage

The dataconcerns production of juveniles at first sale for further-gmowing or releasdo the wild by

country and species in million@umber of juveniles\Ooc ™~ V' o\ \ gnj diintenged " n \ g
p n,which is recorded for the production of juveniles not intended for direct human consumption but
\'m> “doc " m °mjagn Yom\imja onan® _r adg_» ~jiomjgg _ "~ igd

Theintentionsof releasng juvenilego the wildare to restock riverdakes,and other waters other than

for aquaculture purposes. When juveniles are transferred to a controlled environritangans they

are released or transferred for further aquaculture practices. However, the reporting of this variable is
voluntary and not ahays available®

As of mid-September 2020, he latest year of reference with comprehensive and coherent data is
2017. The dataset usefbr this studywas lastupdatedon the 19" of October2019.

0.3.4 Interviews with stakeholders

Chapter5 is mainly basedon interviews with17 stakeholdes representing different levels of the RAS
supplychain including suppliers, operators, consultants, organisations, investors, insurers and
researchers. Despite covering sevelabels of the supply-chain, the largest number of participants
were suppliersFurthermore, most participants had experience with Atlantic salraod other species

are covered in the interview a lesser extent covered.

0.3.5 Case study on freshwater finfish trout in Denmark

For the case study on Denmatkree official sourceswere used for data collection} Statistics
Denmark (DST)i) the Danish Fisheries Agen€iST) and iii)the FAO

TheFAO provides yearly statistics of aquaculture production/bser alig country, speciesand water
environment.

DSTprovidea yearly overview ofaccounting statistics for theDanish aquaculture and fisheries
sector.However DST does not separate production by spechag, only reports data by the different
technologl " n #°om\ _dod’ i Qhgjp ' Ih§ Agt RKAF faytpK “aThefirmel repost $
the economic data to Statistics Denmarutit is voluntary forthe companiedo participate DSTdata
only containscommercial sitesThe data used for this study consists of a sample of 1&Bcounts from

a total population of 206 farms. The sampled data has beextendedto cover the entire population
by simulatihg accounts for all units not in the sampie

FST(a part of the Ministry of Environment and Food &fenmark)providesyearly productiondata by
speciesand productiortechnoloy ® #° om\ _dodj il»\'g »" hj°liwjg)\ iogt kKPtRAST "t g~ _ »
reports all aquaculture sites, including those used &mgling and repopulation of wild stock.

The reported technology categorid#fer between DST anBSTWhile DST repastona categoryother

di "gp _dASTrepdvis<°Nm»'*t g~ _» \' n \ n  k\ as\DST only kepastdy ] mt ) Ap
category and noty speciesoc~ ~\ o bj mt ©°j o c ‘swtheddpéecigspham raibowM< N» d i
trout. According toFST oc ™~ "\ o  bj mt safmon, €et, 2agdeyellowtad kintfighand ™ n

sunshine bass in additontotrouAj m ocdn m \ nj i’ ocCc  “cduld hdbhemt ©°j oc
included in the analysisf economic performance in the case study.

The latest year of referencéor all three sourcess 2018.

5 https://ec.europa.eu/eurostat/cache/metadata/en/fish_aq_esms tiwapter 3.4.

6 https://www.dst.dk/pubfile/28174/fisk201 §reface.



https://ec.europa.eu/eurostat/cache/metadata/en/fish_aq_esms.htm
https://www.dst.dk/pubfile/28174/fisk2018
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1 GLOBAL PERSPECTIVES
1.1 Production and supply

According tahe FAO, there is an estimated neéa increasethe globalproteinsuppl with about 200
million tonnesmeat and seafoodto nearly 500 million tonnes by 2050 in order to feed the growing
global populatiopwhich is estimated to reach 9,1 billion peofig then’®°. Seafood, particularly from
aguaculture, is expected to contriteusignificantly to meet this needConsideringhe FAGzestimates
of average annual seafood consumption, the predictemmandfor fish for human consumption would
almost double to at leas220 million tonnes in 50, with aquaculture expected to proviaderer 70%
of the volumé®.

The global aquaculture production is dominated by China and other Asiantries which in 2018
accounted for88,7% of the global productiorithe increase in production is expected to primarily occur
in developing countries in Ast, while the production increase in developed regions is expected to lag
behind?. The expected global warming and increased sea water temperatures might favour the growth
of tropical aquaculture and further constrain temperate aquaculture, aandless RASroduction
becomes widely adopted, the growth in salmon supply will be lintited

Oc’ bmjrdib bgj]l]\Vg kjkpglodji \'i _ dhkmjg” _ kpm~c)
believed to increase competition over feerksources, includingseafood resarces. Increased

protectionism and intraregional trade in these regions migheducesurplus aguaculture supplies to

developed regions in the mediwhong termt4°,

The globalisation trend is described &a m| bdg = d i/ land/iherg are/Jeyeml lvariabley mg _ »
that willdecide® r ¢ " oc ~ m o c -tradlepermftopmemny "'a -1+,0ld gl*non o/ - +. 0»

7 FAO (2018)The State of World Fisheries and Aguaculture: Meeting the Sustainable Development Goals.
8 FAO (2009)}1ow to Feed the World in 2050: Higbvel Expert Forum.

® https://www.un.org/development/desa/en/news/population/wooiulationprospects2019.html

10 https://www.aquaculturealliance.org/advocate/feedimarld-2050/
11 Fish to 2030, FAQittp://www.fao.org/3/i3640e/i3640e.pdf

12 OECEFAO Agricultural Outlook 2018027, 2018 https://www.oecdlibrary.org/docserver/agr_outlog¥018-11-
en.pdf?expires=1578612115&id=id&accname=guest&checksum=914DB8702E6AEBC44A1BE2F4F9B04

13 Impacts of climate change on fisheries and aquaculture, FAO, Techh8@7/www.fao.org/3/i9705en/i9705en.pdf
14 AIPCECEP, Finfish study 2019
15 FAO (2009)tow to Feedhe World in 2050: Highevel Expert Forum.

16 Global Trends to 2035, Gewolitics and international power, EPRS, Global Trends Unit, PE 603.2673, 2017
https://www.europarl.europa.eu/RegData/etudes/STUD/2017/603263/EPRS_STU(2017)603263 EN.pdf



https://www.un.org/development/desa/en/news/population/world-population-prospects-2019.html
https://www.aquaculturealliance.org/advocate/feeding-world-2050/
http://www.fao.org/3/i3640e/i3640e.pdf
https://www.oecd-ilibrary.org/docserver/agr_outlook-2018-11-en.pdf?expires=1578612115&id=id&accname=guest&checksum=914DB8AEA702E6AEBC44A1BE2F4F9B04
https://www.oecd-ilibrary.org/docserver/agr_outlook-2018-11-en.pdf?expires=1578612115&id=id&accname=guest&checksum=914DB8AEA702E6AEBC44A1BE2F4F9B04
http://www.fao.org/3/i9705en/i9705en.pdf
https://www.europarl.europa.eu/RegData/etudes/STUD/2017/603263/EPRS_STU(2017)603263_EN.pdf

Recirculating aquaculture systems

1.2 Technology

Technological development is likely to facilitate industrial upscalittgus allowing for increased
production levels and improved efficienctés Both operocean aquaculture and lanbdased RAS
technology can opemup new opportunities for production; however, at the same time they carry
significant risk of failure at an early stage of developmé#t® 2°.

The seafood markets and trade will further be affected by new fresh and frozen seafectiriologies
opening for potential shifts in supply and distribution. Also, rapid change in supply chain and logistics
technologies will provide new opportunitfés

On the other hand, one of the current main drivers for expansion into RAS productiorappbetunities
aj m -Al mf mo» leven mapeSoandrjain markets in developed regions, e.g. plans for 4and
based RAS establishments in the USA (M&iand Miam#) and in Chin#.

Genetic technologies may also opep new opportunities, but currentlgnany of these will carry the

risk of market downsidesn terms of consumer acceptancélost of the studies carried out with
genetically modifiedorganisms have been performed in laboratory conditions that do not account for
environmental fluctuations anavithin such short timeframes that any genetic effects would not have

time to manifest There are also large gaps in the current knowledgethe possible outcomes of

hj datdib jmb\idnhn% b ijh > n \ i % Corently, depgcallyi od\ g
modified organisms are not allowed in the EU.

1.3 Economy and funding

In general, the costs of aquaculture inputs are increasing. To rteeexpecteddevelopment, seafood
prices would have to increase and/or the industry needs to become more efficidndre are still high
risks related to aquaculturedue to e.g. thepossibilityof disease losses and uncertainty related to the
introduction of new technological solutions, including RAS technolgi€3espite these risks
aguacultureis the fastest groving sector in the food animal industry. Still, investments are needed for

7 Fish to 2030, World Bank, 83177_GLR&tp://www.fao.org/3/i3640e/i3640e.pdf

18 https://www.intrafish.com/finance/analysieres a-list-of-high-profile-land-based aquaculturefailures/2-1-712748

9 NTNU 2018 Analyse av landbasert oppdrett av laks: produksjon, ekonomi og risiko
http://fisk.ndattachments/article/6572/landbaseitakseoppdrettanalyse.pdf

20 Wageningen University and Research: Recirculation Aguaculture Systems, 2017,
https://library.wur.nl/WebQuery/wurpubs/533878

2! https://www.michiganstateuniversityonline.com/resources/suphbin/technologytransformingthe-seafood supply
chain/

22 hitps://www.intrafish.com/aquaculture/massiland-basedventures-applaud maines new-aquacultureplan/2-1-
732072?%20Americas%20Newsletter=&utm_term=0_471f69740816dc8673245287921

23 https://www.undercurrentnews.com/2019/12/13/atlarsiapphireis-officially-worth-1-billion/

24 https://www.undercurrentnews mé2020/01/09/nutrececommits e20m-to-nordicaquas chinaland-basedsalmon
project/

25 https://medcraveonline.com/JAMBE&view of-geneticengineeringin-currentaquaculturepractises.htmil

26 https://www.intrafish.com/finance/analysieres a-list-of-high-profile-land-basedaquaculturefailures/2-1- 712748



http://www.fao.org/3/i3640e/i3640e.pdf
https://www.intrafish.com/finance/analysis-heres-a-list-of-high-profile-land-based-aquaculture-failures/2-1-712748
http://fisk.no/attachments/article/6572/landbasert-lakseoppdrett-analyse.pdf
https://library.wur.nl/WebQuery/wurpubs/533878
https://www.michiganstateuniversityonline.com/resources/supply-chain/technology-transforming-the-seafood-supply-chain/
https://www.michiganstateuniversityonline.com/resources/supply-chain/technology-transforming-the-seafood-supply-chain/
https://www.intrafish.com/aquaculture/massive-land-based-ventures-applaud-maines-new-aquaculture-plan/2-1-732072?%20Americas%20Newsletter=&utm_term=0_471f697403-dc16dc8673-245287921
https://www.intrafish.com/aquaculture/massive-land-based-ventures-applaud-maines-new-aquaculture-plan/2-1-732072?%20Americas%20Newsletter=&utm_term=0_471f697403-dc16dc8673-245287921
https://www.undercurrentnews.com/2019/12/13/atlantic-sapphire-is-officially-worth-1-billion/
https://www.undercurrentnews.com/2020/01/09/nutreco-commits-e20m-to-nordic-aquas-china-land-based-salmon-project/
https://www.undercurrentnews.com/2020/01/09/nutreco-commits-e20m-to-nordic-aquas-china-land-based-salmon-project/
https://medcraveonline.com/JAMB/a-review-of-genetic-engineering-in-current-aquaculture-practises.html
https://www.intrafish.com/finance/analysis-heres-a-list-of-high-profile-land-based-aquaculture-failures/2-1-712748
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technological improvements, increased economic efficiency and upscaimythere is an increasing
interestinvestingin international aquaculturé?#2,

Both large companigsvhichcan tap the capital marketsand public incentives for investmerifswill
likely be essential for growth to bachieved®. One can also foresee and find examples of retailers
engaging in production to both ensure supplies and option for grétvth

1.4 Sustainahity

There is an increasing focus on sustainabilitpm international organisations and consumers alike

TheUnited Nations UN) has set 17 goals in this respett and some of these relate to food production,

fisheries\ i _ \ I p\ “pgopmcejoopergterj 1 ~*njh* ch\ gehkd mMo\i o ajm oc
chairt*. RASrovide opportunitieso meet several sustainability issuesuch asreduced water usage

and improved waste managemefit*,

The increasefocus on sustainabilityand consumer perceptions negtb be addressedby the industry
At the same time, lhe demand for healthy foods is increasing andight create potential growth
opportunities for aguaculture products

There are severalagulations relagd to fisheries and aquaculturend amongst other things, they aim

to protectthe environment andporomote sustainability. There is also an increasing number of third
party certification systems for both fisheries and aquacultuvehich addressinter alig sustainability.
Furthermore, sustainability goals are also expected to be enforced through international trade
agreement£®,

27 https://www.forbes.com/sites/michaelhelmstetter/2019/04/04/hquacultureindustry an-oceanof-investment
opportunity/#6f8dc44f5666

28 https://www.undercurrentnews.com/2020/01/08/seafestdrt-ups-set-for-promising2020-as-investorstarget-food-
techrinvestments/

2 Gtirling, 2018</ pk_l o~ ji oc’ =-+,/ m kjmo5 °M qd rangdtheiM "dm pgl odj
>j hh > m”dl g,hipklkvgna.Hielco.uk/fesearemd reports/ourreports/2014/april/09/reviewof-recirculation
aquaculturesystemstechnologies/

30 FranceAgriMer, 201%ude sur la pisciculture en circuit « recircinps://www.franceagrimer.fr/Actualite/Filieres/Peche
et-aquaculture/2019/Etudesur-la-piscicultureen-circuit recircule Rapporifinal-2019

31 http://www.fao.org/3/AB412E/ab412e34.htm

32 hitps://www.seafoodsource.com/news/aquaculture/darierestsin-first-integratedlobsterpark

33 https://www.un.org/sustainabledevelopment/sustainatieelopmentgoals/

34 Social licence in Aquaculture: Towards a research agenda, Mather C, Fanning, L, Marine Policy, 99, 2089, 275

35 Martins et. al., 2010New developments in recirculating aguaculture systems in Europe. A perspective on environmental
sustainabifityhttps://archimer.ifremer.fr/doc/00021/13190/10273.pdf

36 Book of abstracts, 4th NordicRAS Workshop on Recirculating Aquaculture Systgrseg/www.nordicras.net/
/media/Institutter/Aqua/Publikationer/Forskningsrapporter_301_351/2017_NordicRASVorkshopBookof-
Abstracts.ashx?la=da&hash=033CD17AF9AE7CC1818A6D2830AB5BA5D62FA529

37 https://ec.europa.eu/knowledgedpolicy/publication/sustainfibleries aquaculturefood-security nutrition_en
38 https://unctad.org/en/Pages/DITC/Tradwlysis/TAR rade-and-SDGs.aspx
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https://www.un.org/sustainabledevelopment/sustainable-development-goals/
https://archimer.ifremer.fr/doc/00021/13190/10273.pdf
https://www.nordicras.net/-/media/Institutter/Aqua/Publikationer/Forskningsrapporter_301_351/321-2017_NordicRAS-Workshop-Book-of-Abstracts.ashx?la=da&hash=033CD17AF9AE7CC1818A6D2830AB5BA5D62FA529
https://www.nordicras.net/-/media/Institutter/Aqua/Publikationer/Forskningsrapporter_301_351/321-2017_NordicRAS-Workshop-Book-of-Abstracts.ashx?la=da&hash=033CD17AF9AE7CC1818A6D2830AB5BA5D62FA529
https://www.nordicras.net/-/media/Institutter/Aqua/Publikationer/Forskningsrapporter_301_351/321-2017_NordicRAS-Workshop-Book-of-Abstracts.ashx?la=da&hash=033CD17AF9AE7CC1818A6D2830AB5BA5D62FA529
https://ec.europa.eu/knowledge4policy/publication/sustainable-fisheries-aquaculture-food-security-nutrition_en
https://unctad.org/en/Pages/DITC/Trade-Analysis/TAB-Trade-and-SDGs.aspx

Recirculating aquaculture systems

1.5 Main trends

Aquaculture production has proved to be highly resilient to the mprgblemsthat it has faced inits
emergence and early rapid growth phases. Basedpast experiencewith new technologies and
opportunities becoming available, it &xpectedthat aquaculture will continue to expand both in terms
of productionvolumeandrange of species

A significant change from the earlier phases of aquaculture development will however be slower
growth.Between 1950 and 2000, the compound annual growth rate (CAGR) of the global aquaculture
production was 8,7%, whilbetween 2000 and 208, the CAGR wa$s,8%. In the past five years, the

annual growth ratehas been between 3% and 4,1%. Furthermore the global seafood market is

believed tochangea mj h  \ ] pt " m%n h\ mf > o o] hj*muetgdamahd n" > gg m
increasing faster thansupply, thus leading to increased priceg\ccording tothe FAQ% mstimates,

demandwill increase by20% from 2016 to 2030, while total production from fisheries and aquaculture

will increase by 17,6% in the same period.

Higher prices could lead to increased investneeint both technology and scalés new technological
developmentsbecome establishedthe investment riskwill reduce accordinglyHowever, currently

°oc " "m> dn || ‘[ f mhj pn-mdnf_ “aljkmad od i§i jog | oadp/ ig |"ic | icbd b
Increased intraregional trade in major supplier regiormich asAsia might leave developed regions

such as the EU and the US at a disadvantage in obtaining future seafood supyligsreduced supply

and increasing pricesleveloped regions will have tovest innew production and supply paradigms to

meet demand. These models magmongst othethingsd i " gp _~ -IM\<mIff ~ &% "Kmj- _p~rodj i
ocean aquaculture, investments in tropical aquaculture and a shift to accepttraitional specie§.

% Land based aquaculture assessment framewdnkp://www.lbaaf.co.nz/aguacultueronomics/trendsind-issuesin-
aquaculture/

40 https://www.forbes.com/sites/michaelhelmstetter/2019/04/04/hguacultureindustryan-oceanof-investment
opportunity#7cfff6db5666

41 http://www.lbaaf.co.nz/aquacultueconomics/trendsind-issuesin-aquaculture/
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2 EU PEREECTIVES

Seafood is one of the most highifraded food commodities globallwith an estimated trade value of
EUR 13 billion in 2017 In view of an expected substantial rise in seafood demand aofithe
European dependency on imports, both the Europsaafood sector and market will be affected by
global changes.

2.1 Production and supply

Currently, imports make up 73% of total EU finfish supBlyl husto avoid reducinghe self-sufficiency
rate, which was estimated at43,4% in 20174 (all fishery and aquacliure products for human
consumption, the European seafood productigrmprimarily aquaculture should aim to develop along
with the growing global demand.

The Federation of European Aquaculture Producers (FEAP) has set a production target of 4,5 million
tonnes by 2030, whiclis nearly double thevolume of2,3 million tonnegEUR 10 billion ex farm value)

in 2017%. Howeverthe FEARalso warn against potentiabbstaclesto reachingthis goal,such ashigh

level of bureaucracy, long licensing timend lack of a legal levelplaying field in relation to external
competitors An AquaSpacea(Horizon2020 project) report lists 35types of constraining issues, which

are classified into fourcategories (7) Policy and management, (if) Environmental, g&bnomic and
market, and (iv) Other sectors (which integrates the social dimension)

STEC¥ supports °that the design and implementation of the Multiannual Strategic Plans for
aquaculture sectoris a step forward for the modern EU aquaculture and congdiia the coordination

of the different stakeholders across countries towards a common goal and strasédgwever, only

few countries have overcome or are close to achieve the production goals stated in their Strategic
Plans.

A report by the European Parliamerdanalysesthe regulatory and legal constraints for European
Aquaculturé®. Theidentified constraints and burdens are assessed against both the needs of the EU
aguaculture industry andhe principles of better regulatiorand reconmendationsare formulatedto
reduce rationalze or remove the constraints.

42 https://research.rabobank.com/far/en/sectors/animadtein/worldseafoodtrade-map.html(USD 153 billion, yearly
average exchange rate USD/EUR = 1,1297 (ECB)).

43 AIPCE: EU Seafood consumption rises as compefitiosupply increases, Intrafish Dec 122019,
https://www.intrafish.com/marketplace/aipcesu-seafoodconsumptionrisesascompetitionfor-supplyincreases/21-
722738

4“4 EUMOFA, The EU Fish Market, 2019 Edition,
https://www.eumofa.eu/documents/20178/157549/EN_The+EU+fish+market 2019.pdf

45 European industry targets doubling of aquaculture production by 2030, Undercurrent News "D2@1B
https://www.undercurrentnews.com/2018/12/05/europdradustry-targets-doubling of-aquacultureproductionby-2030/

46 http://www.aguaspact2020.eu/wpcontent/uploads/2018/09/AquaSpades-1-Synthesisrevised Apr2018. pdf

47 https://stecf.jrc.ec.europa.eu/reports/econonfasket _publisher/d7le/document/id/2446795
48 http://www.europarl.europa.eu/RegData/etudes/etudes/join/2009/431568/FEMH_ET(2009)431568_EN.pdf
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2.2 Growth and sustainability

Aquaculture is considereds a strategic sector inthe @P ¥2n =g p = B mijithr pptentiaNform\ o ~ bt
sustainable jobs and growthwhile contributing tosocial benefits through furthedevelopnent of

coastal areasthrough several ancillary activitiesuch astechnology and infrastructuré. However,

according tothe European Environment Agengyaquaculturemay also modify ecosystem resilience

Impacts mayespecially result from highnput/highoutput intensive systems.

Potential effects of intensive aquaculturenclude discharge of suspended solids, nutrient and organic
enrichment of recipient waters and the buileh of anoxic sedimentsoxygen depletion fowater,
changes in benthic communitiesutrophicationand habitat perturbationrelease of antibiotics and
pharmaceuticals, introduction of diseases and escapees to the ecosystem affecting biodivansity
genetic pollutionintroduction of alien speciesnd impact on wild fauna. Hence, aquaculture potentially
challenges the environment and thus sustainability.

Technological solutions like RA& believedto address some of these issu&s

2.3 Economy and funding

Pm>n " mgdi b @mjk %n i\opm\g " iqgdmji h" ihoEU\Nnithe "~ d m~" p ¢
years to comeeven more san the framework of° < @p mj k ° \ % Afueculture wilPhave  »

follow the new guidelinestoo. In theproposal forthe Regulationon the European Maritime Fisheries

Fund for the period 20242027, it is staed that actions under the regulatioSare expected to

ANjiomd] poT 0] .+r ja oc  jg m\gg adi Accoddohyd g i g
tothe proposal?> m> g "g\i o \*odjin rdgg ] d_"iodad _ _pm
oc’ @HAA' \i _ m\nn nn>_ di oc’® "jio %0 ja oc"’

2.4 Drivers and constraints

Fromboth a global andan EU perspective, there ar@se potential main drivers and constraints that
can impact the development of the aquaculture sector and the seafood market in the future. RAS
technology is an integrated part of the aquaculture sector and could atsatribute to tackling
constraintssuch asrestricted access to costal sea areasjstainability,and environmental impact.

Of course, dversand constraintstend to vary acrosgegions and/or continents. However, givithat
seafoodis a global commoditysome of them are common to all regions. 8$e are listed irtable 1
below.

4% Strategic Plan 20162020, DG Maritime Affairs and Fisheries, March 2016.
https://ec.europa.eu/info/sites/infoffiles/strategitan-2016-2020-dg-mare_march2016_en.pdf

%0 Aquaculture production in Europe, Dec"12019 https://www.eea.europa.eu/datmd maps/indicators/aquaculture
production4

51 https://www.hatcheryinternational.com/powstruggle sense of-sustainability 3446/

52 Communication from the Commission to the European Parliament, The European Council, The Council, The European
Economic and Social Committee and The Committee of the Regions, p. 12, Brussels 11.12.2019, COM(2019) 640 final

53 COM(2018) 390pProposal for a egulation of the European parliament and the council on the European Maritime and
Fisheries Fund
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Tablel: Potential main drivers and constraints for the aquaculture sector

Constraitts in traditionalaquacultue RAS solutions

Diseases and disease management options With water treatment and a controlled environment,
diseases can be better controlled and even avoided.

Demand for sustainability, lowarbonfootprint RAS allows control of every input factor, rearing
Traceability conditions and discharge (waste). A controlled rearing
Social licence t@perate environment facilitates less (or zero) use of antibiotics

and medicine

Combined with the use of renewable energy, RASaan
reduce the carbn footprintby establishingproduction
units close to consumption areas

Environmental protection No chance of escapand control of effluents

Limited available areas andtsred use of sea RAS facilities are not restrained by access to sea and w
not affect wild stocks

Global warming Water environment and temperature can be controlled
Consumer acceptance Kmj _p”rodji ~\Vi 1% "~gjn'm
Constricted supplies to developed regions kmj _p~rodji »)

Regional conflicts and trade disputes

General issues

Feed supply & access to alternative sources

New species development
°M° _ o\Vk > »*odh™ ~jinphdib \i_ "~jnogt

General increase in costs

Access tdunding
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3 THE GENERRASTECHNOLOGY

Fish consume oxygen and feed and produce waste in the form of faeces, carbon dioxide and ammonia.
When cultured in tanks without new clean water constantly flowing through, these waste products must
be remoed.

Recirculatig aquaculture systems are designed to control culture conditions, manage waste streams
and minimise water consumption. RAS are intensive, usually indoorltaskd systems that achieve
high rates of water reuse by filtering the wastewateref. chapter3.1 for a more detailed description).

Oc™ "\'mgd no n”~d iodad” m n \ m”c ,theiscieMistdocusedn ~j i _
onbiofilters designed for carp production to limit the use of local water supplies. In Europe and America,
scientists attempted to adapt technology designed for wastater treatment to marine aquaculture

for fish and crustaceans. Few of the early trials veaiested at scale, but the scientists were optimistic

~_p° o0oj oc o Ncijgjbt¥n np”* " nn di kp]gd”~ Vi _ c¢cjh
aguariums tend to be ovesized in relation to fish biomassro minimize capital costwhen upscaling,

the early RASsystemsended up beingindersized andwere bound to fail pending further technical
improvements$*.

M<N pi _"mr io \ m The dieyélopment iofstamdardised térBinclégy, units of
measurement and reporting format¢ed to coherentand consistent monitoring ofwater quality
phenomena (e.g. pH, oxygen, ammonia nitrogen, niframhich paved the way for dchrical
improvementsand made RAS more viabl®verthe last 30 years, RAS technology has come a long
way and is now used imatcheries, fry and smolt systems all over the world. RAS technology in the
production of marketsize fish is more advanced in the freshwater sector. In the EU, around 90% of
the RAS production is in a freshwater environment, while the remaining 10 $ea and brackish
water (ref. chapterd.1 below). There is a growing number of projects and initiatives in all continents
involving marine species (e.g. growing Atiarsalmon to commercial sizeHoweverwith larger scale
production involving sea watenew challenges in the RAS production cycle emgagés evidentfrom

a substantial global track record of company failures using RABhese new, larger projecteed to
prove they are viable in the long run and for higher production voluthes

°G\lJiv.n" _ AVl p\“*pgopm » dn | ao i pn  _ \'n “Yasa mh 0]
aguaculture is traditionally based on a flethrough system, pumping freshor sea water into the

tanks or eathen ponds and only using it once. Different RAS systems are commonly clask#ised

ontheir water recycle ratios (% of effluent water flow treated and returned for reuse per cytjhle

traditional flow-through systens have a recycle ratio of 0%, the most advanced RAS technologies have

a recycle ratio of 9599%. Conventionally, fully recirculating RAS are typically defined as systems with

a recycle ratio above 90%, while systems with a lower recycle ratio are charisete as partial

m- kg\”*"" " h io» nt-po”fnn§j monkhkgn Pkkjn _ oj °m ~dm~

54 University of Stirling 2014, Review of Recirculation Aquaculture System Technologies and their Commercial Application

55 Intrafish November 2019https://www.intrafish.com/finance/analysieresa-list-of-high-profile-land-basedaquaculture
failures/2-1-712748

%6 Intrafish August 2015 https://www.intrafish.com/aquaculture/rasch-engineeringthe-future/1-1-750546

57 University of Stirling 2014, and AkvaGroup
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Figurel: Landbased/RAS classifications in terms of water recycle ratio

Recycle ratio (%)

3.1 RAS step by step technolody

The basic principlesof recirculation systems concern the water treatment technolpgyhich
continuously remove the waste products and regenerate optimal water quality for the fish. Water from
the fish tank flows to a mechanical filter and then to a biological filter beforeifig aerated stripped

of carbon dioxide an@ventuallyreturned to the fish tank. Several other facilities can be added, such
as oxygenation with pure oxygen, ultraviolet light or ozone disinfection, automatic pH regulation, heat
exchanging, denitrificatig, etc. depending on the exact requirements.

Figure2: Simplifiedillustration of RAS technology

Fish tanks Mechanical filter Biofilter

Degasser
(Trickling filter)

-

5

UV disinfection Oxygen enrichment

Source: FAQ A guide to recirculation aquaculture2015 edition

Aquacultureof finfish needs a feeding systemas well as waste and dead fish removal systems. In
addition, a RAS system requires pipes and pumps to transfer the water between the different stations,
artificial lighting in the tanks and different sensors and monitoring systems to adjust and optintise t
water treatment process.

58 FAO, A guide to oirculation aquaculture, 2015 edition
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3.1.1 Mechanical filter

First, water from the fish tanks flows through a mechanical filter which removes organic waste
products. Normally, the water is filtered in a micro screen fitted with a filter cloth. The most commonly
used type of micro screen is the drum filter which ensures a gentle removal of particles (as pictured in
Figure2).

Particles are trapped inside of the rotating drwhile water flows through the drum filter. The rotation

of the drum transports the particles to a backwash area where rinse nozzles sprays water from the
outside of the drum and traps organic material in a sludge tray. Together with the rinse water, the
rejected organic material is transported out of the mechanical filter and the water flow for external
wastewater treatment.

Besides different kinds of rotating screens (drum filter, disc filter, rotating belt, horizontally disc), other
methods can be usedor particle removal. This includes depth filtration (upstream, downstream),
settling filters (horizontal, vertical) and swirl separators (hydrocyclones).

3.1.2 Biofilter

The finest particles of organic matter pass through the mechanical filter together wigsalived
compounds of phosphate and nitrogen. Phosphate has no toxic effect on the producticampkithgen
compoundsuchas free ammonia (NF is toxicto fish and needs to be transformed to harmless nitrate.
The biofilter is a biological process carriedt by bacteria. Heterotrophic bacteria oxidise the organic
matter by consuming oxygen and producing carbon dioxide, ammanig sludgewhile nitrification is
conductedby nitrifying bacteria, removing ammonia from water by turning it into nitrite and nitrate.

Biofilters are typically constructed using plastic media where bacteria will grow as biofilm on their
surface. Biofilters used in recirculation systems can be daed as fixed bed filters or moving bed
filters. All biofilters used in recirculation today work as submerged units under water. In the fixed bed
filter, the plastic media is fixed and not moving while the water flows through. In the moving bed filter,
the plastic media is moving around in the water inside the biofilter by a current created by pumping in
air.

Figure3: Moving bed media (left) and fixed bed media (right)

e% e
;‘.?0 ®

K 5

Source: FAO
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3.1.3 Degassing/aeration/stripping

Accumulatedcarbon dioxide (C£) and free nitrogen (B are detrimental to the fishand must be
removedfrom the water. Under anaerobic conditions, and especially in seawater systems, hydrogen
sulphide (HS)is alsoproducedHydrogen sulphide is deadlio fish even in low concentrationg he
removal of these gases is called degassing, aeration or stripping and can belslathén the fish tanks
and/oras a separatestep before the water flows back to the tanks

Aeration is the process of pumping air inthe water whereby the gases are driven out from the
turbulent contact between the water and air bubbles. A more efficient metbothils adegasser which
uses a trickling filter system. In a degasser, the water flows through a distribution plate witkshahd

is then flushed down through a fixed bed of plastic media stacked in columns (similar to the right part
of Figure3). The gases are stripped from eéhwater through contact with the plastic media and the
contact between the two is maximised by the turbulence from the distribution plate and flushing
process.

3.1.4 Oxygenation

Fish and most other aquatic animaliepend on dissolved oxygen for respiration. ASR&stem must
therefore monitor and adjust the saturation level afxygen inthe water. When leaving the fish tank,
the saturation level in the water is typically lowered to 70% and the level is further reduced after the
biofilter and degasser. Aeration nabring the saturation level up to above 90%. In any case, adding
pure oxygen is often preferred to ensure that the inlet water to the fish taikeversaturatedto have
sufficient oxygen available for high and stable fish growth.

There are severalifferent methods to make supesaturated water (oxygen contents reaching 200
300%), either through high pressure in oxygen cones or under lower pressure in oxygen platforms. The
oxygen cones use more energy (electricity) than the platforms. On the othed hthe cones only use
a part of the circulating water whereas the platform is used as part of the whole recirculation flow.

Regardless of the method used, the process should be controlled with oxygen measurement.

3.1.5 Ultraviolet light

Bacteria, viruses, fungand small parasites can be killed/removed from the water by ultraviolet (UV)
disinfection. UV disinfection is more efficient if the water is previously filtered both mechanically and
biologically.

3.1.6 Ozone

Ozone treatment can be used to destroy unwanted organisms too small to be caught by the mechanical
filters. The ozone treatment breaks micro particles down to molecular structures that will then bind
together and form larger particles which cahenbe renoved. Ozone treatment is also referred to as
°r\ o m Kkas @ dnakesdthebwater clearemreducing the amount of suspended solids and
pathogenic microorganisms.

Overdosing with ozone can cause severe injury to the fish. Excessive use of ozone cdvegtarmful
to the people working in the area. Hence, correct dosing, sufficient ventilation and close monitoring is
crucial for positive and safe results. In many cases, UV lighting is a good and safe alternative to ozone.
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3.1.7 Other elements

Tanks:The tanls must meet the fish needs, both in terms of design and environment (typically water
current). Fobenthicfish (turbot, sole and other flatfish), the tank surface is more important than the
depth and the waterflow rate can be lowered. Other species, Buas salmonidsneedlarger water
volumes and a tank design that accommodates higher water currents. The tank design, water current
and behaviour of the fish will alsinfluencethe accumulation and behaviour of organic particles. The
different factors mug be assessed and optimised in the design of a specific RAS system.

pHregulationOc ~ ] dj adgo mdi b pkmp * @jn g4 d_ mhj mKjop im¥%m Kk mj
kC i > _n oj ] Jlpaa m _ 0] h\ di o\ di rvyo m¥%n | p\gd

Temperature regulatiorfrish metabolism, bacterial activity in the biofilter, friction from pumps, piping
and other installations will create and accumulate heat. The growth rate of the fish is directly related
to the water temperature. Different species have different tempenatuequirements. The combination

of species and location of the RAS system will affect the need for different temperature adjustment
measures. Access to cold intake water can be used to cool the wattre lise of cold intake water is

not enough, a heapump or heat exchanger can be used. In cold climates, heating the water might be
necessary. The heat can come from any energy source connected to a heat exchanger.

Monitoring, contrgland alarms:To maintain optimal conditions for the fish at all timesl) ateps of the

RAS system should be fitted with sensors to monitor and control the environment. Alarms should also
be setto alert when any of the parameters moves out of the pset values. Modern farms often have
automatic start/stop processes to try anfix any problems, but no system will work without human
monitoring. If major failures are about to occur, a short reaction time (often within minutes) is crucial.

Emergency/backup systemist case of failures in one or more parameters, some emergencyesys

can help keep the fish alive. The number one safety precaution is the use of pure oxygen. By pushing
pressursed oxygen into the fish tank, the fish can, in some instanczs) be kept alive long enough

for the failure to be corrected. A RAS systenpslid also have a backup for the electricity supply to
secure the water flow. If the water is not circulated through the different filters, ammonia will quickly
build up to toxic levels.

3.2 RAS technology supplieesd selected projects

An increasing number afoncept suppliers offer tunkey RAS systems, including planning, construction,
training, monitoring systems and service. Most of these suppliers laased in Northern Europe
(Norway, Denmark, Netherlands, Franemd Germany) and their technology is oftebased on
experiences from smolt production. Some of the concept suppliers have developed their own systems
based on their own farming experienceshile someothers have developed systems based on the
jk  m\ojmn¥% ~ji”~" "kon ocmjpbc ~jgg\]jm\odji kmj e

There is an even higher number of suppliers specialised in certain parts of the RAS systdich
deliver pipes, pumps, tanks, specific elements of the water treatment systems, monitoring services, etc.
As mentioned in chaptes.1, the water treatment technology is the crucial part of a RAS systemd
wastewater treatment companies are expanding their technology to the aquaculture sector (e.g. Sterner
in Spain, CM A@ in Denmark, Aqwise in Israel and Pentair in the United States). There are also
suppliers specialised in water quality measuring systems (e.g. Blue Unit in Denmark) and feeding
systems (e.g. Fish Farm Feeder in Spain).

The table lelow lists the major suppliers of complete RAS solutions. The table is based on publicly
\'g\dg\] g diaj mh\noadipfdrmatioh was foundiuding the desk analysts.
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Table2: Major suppliers of turikey RAS systems

Recirculating aquaculture systems

° ? " g systemmglobally )
Offices and facilities in Norway,

AR D Norway Turnkey RAS solutions £ dlfferent_ Species Chile, Denmark, Scotland, Iceland,
Land Based (e.g. Atlantic salmon, :
SpainGreece,
Turkey, Iran, Canada and Australia.
A large variety of species
AquaBiotech Malta Turnkey RAS solution | (e.g. barramundi, tilapia, sturgeon N/A
Group AgquaCirc & sterlet, catfish, pike perch,
salmon and trout)
Several species
(e.g. Atlantic salmon, whiteleg AguaMaof technology installed at
. shrimp, African catfish, rainbow facilities around the world
Al ez ULIIE S5 SOl ters trout, grouper, barramundi, (e.g. Poland, Slovakia, IstaBussia,
seabrean, and seabass, sturgeon | "Far East", Japan and Canada)
and yellowfin kingfish)
Artec Aqua Norway Turnkey RAS solutions | Salmon trout, cleanefish Norway
More than 20 different marine and
freshwater species Present in more than 20 countries
Billund Denmark Turnkev RAS solutions (e.g. salmon, trout, eel, cod, with over 130 successfully executed
Aquaculture y sturgeon, crustaceans, seabass &| projects. Offices in Denmark, Chile,
seabream, yellowtail Kingfish and | Norway, Australia and United States
grouper)
. White shrimp, vannamer shrimp, Israel, China, Nigeria, India,
- RAS Alkin-one water ornamental koi, Chinese perch, - .
BioFichency Israel N L . BangladeshPalesting Taiwan,
treatment seabass, catfish, tilapia, African .
. - Idonesia, Congo,
catfish, barramundi
Nearly 200 aquaculture systems in
A variety of species 31 different countries
) (e.g. catfish, eel, sturgeon, tilapia, | (e.g. South Korea, Russia, Azerbaijg
B NEiIEnDS VUGS RAS SoLiiars seabass, seabream, Atlantic Benin, Canad&Cuba, Chile, Bulgaria,
salmon and pike perch) Netherlands, Croatia, Austria, Finlan
Australia and New Zealand)
. Krlger Kaldnes Wide vargty of species- cold
Kriger (Norway) L )
N Turnkey RAS solutions:| water, tropical, fresh water and . .
KaldnesAS / | Kruger A/IS - Known reference projects in Norway
. Kaldnes RAS (smolt) marine :
Kriiger A/S/ | (Denmark) : R Switzerland, Denmark
. ) RAS2020(on-growing) (e.g. salmon, trout, kingfish, sea
Veolia group | Veolia group .
bass and pike perch)
(France)
Turnkey RAS solutions
LD CUERIH T ol Seabassseabream, meagre
MAT RAS Turkey own equipment and » ’ gre, Turkey
; umbra,
equipment from other
vendors
) Turnkey RAS solution . ]
Nofitech Norway ModulRAS Atlantic salmon, rainbow trout Norway and Japan
Nordic Salmon producer, self
Norway sufficient on RASlesign | Atlantic salmon, yellowfin kingfish | Norway and Denmark
Aquafarms .
and delivery
PE Bjgrdal Norway Turnrkey RAS solutions Atlantic salmon (smolt) Norway
for smolt
RAS | CON Denmark Turnkey RAS solutions | Salmon, coho, trout and Arctic cha T‘?‘S'ma”'a' Gl ey, Unied
Kingdom, Faroe Islands and Denma|
Turmkey RAS solution ScaleAG technology installed in
- . more than 35 countries around the
OptiFarm Several species .
. . world (e.g. Russia, Portugal and
as well as singular (e.g. eel, sturgeon, barramundi, :
ScaleAQ Norway ) - S Indonesia).
elements: salmon, shrimp, trout, tilapia, ) . .
: ) Offices in 11 countries (e.g. Norway
(e.g. OptiTrap, OptiFlow| seabassand seabream) lia. Chile. Canad ited
0g OptiTank) Australa, hile, Canada, Unite
Kingdom, Vietnam, Spain and Turke|
. Inter alia: Angola, Armenia, Belarus,
Several species .
(e.9. Arapaima gigas, Eel Belize GermanyEngland, Iran,
UFT > . ' ’ Kazalstan, Kuwait, Lebanon,
. Barramundi, Seabass, Perch, Trou . - .
Aquaculture | Germany Turnkey RAS solutions T Malaysia, Mongolia, Qatar, Romanig
. - Grouper, Salmofrout, Tilapia, g . -
Engineering - Russia, Saudhrabia, Spain,
Seabream, Sturgeon, Hybrid Switzerland K h ed
Striped Bass) witzerlan , Turkmenistan piite
Arab Emirates, USA
Alpha Aqua Denmark Turnkey RAS solutions | Several species N/A
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Table3: Selected example projects

Production Water
Company Species phase environment Supplier Location Capacity Status
Kingfish Zeeland Y_eIIo_wtall el Seawater e e Netherlands SLOLEIES In operation
kingfish grow-out Aqua (4 kg)
Bakkafrost Atlantic Hatchery, smolt | Freshwater Faroe .
(Strond) salmon and postsmolt | and seawater AkvaGroup Islands N/A In operation
Norcantabric AETITE FEENET Ep) Seawater Alpha Aqua | Spain SIS Planned
salmon grow-out (4-4,5kg)
Pure salmon )
Atlantic Smolt and Freshwater 580 tonnes .
(8F)/AquaMaof salmon grow-out and seawater AquaMaof | Poland (up to 6 kg) In operation
(training center)
Seafarm BV Turbot Growout Seawater i;fgrfés Netherlands | 250 tonnes In operation
Whiteleg Larvaeand .
Cara Royal shrimp grow-out Seawater N/A Germany 15 tonnes In operation
Bass&Bream, -
Kilic Meager and !—Iatchery/ Seawater MAT Ras Turkey .400 “?'"'0” In operation
juveniles juveniles
Umbra
Agrofirm Project | Catfish Growout Freshwater AquaMaof | Slovakia 1.000 tonnes | In operation
o Yellowtall Kriiger .
Sashimi Royal Kingfish Growout Seawater Kaldnes Denmark 900 tonnes In operation
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4 RAS PRODUCTION IEBY

4.1 For human consumption

In 2018, aquaculture production in the Elyvas 1,32 million tonnes valued aEUR 4,8 billion,slightly
down from thel10-year high of 1,37 million tonneand EUR 5,06 billiom 2017. In terms of the main

0
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commodity group®" °=dg\l\gg n Vi _ joc m hjggpn®n \i VIl p\
half of the production volume (62) + ++ o j i i ~ n$' aj%g §6B.000 tonngsk® therN\ g hj i
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Figure4: Yearly aquaculture production in the EU by main cauuiity groups
(million tonnes livaweight)
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Source: EUMOFRdata extractedon 08.09.2020)
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been relatively stable at between 1,5 and 2% of the total production over the period with an average
yearly volume of nearly 2.000 tonnes.
The RAS production is dominated by few large producing counizied the top6 Member States
accounted for92% of the production in 2018. Denmark accounts for roughly half of the volume each
year. The Netherlandsaw a negative trend over the 1ear period. In 2009, the Netherlands
59 2013-2018 data are for EU28, as they also include Croatia.
0Se» H o\ _ Datdmaragement <i i °s -» ajm \ ~jmm glodji gdno ja @MN "j _

Nk™>7~d n» \i ° >hitpk:teumofh.euw/docBmentg 2017V 8/24415/Metadata+2HDM+

+Annex+3+Corr+of+MCS_CG_ERS.PDF/16156224-4bff-880d-a1057f88563d

61 Salmonids include salmon and troyt/usother types of salmonids species

62 Farmed species belonging to this group include gilthead seabream and other seabreams, seabass, and marine species not
included in other commodity groups. For more informatibng * \' n~ ~ji npgo oc’ °C\ mhjidn\odji»

at the link http://www.eumofa.eu/harmonisation
8 As defined by Eurostatgef. chapter0.3.2
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accounted for 35% of the RAS production (7.932 tonnes), while in 2018, their dhadedecreased to
17% (4.971 tonnes).

France have reported varying production over the years. From 80 tonnes in 2009 to 1.415 tonnes in
2010 followed by production volumes between 379 and 632 tonnes until zero production was reported
in 2015. In 2018, Frane reported the highest production volumes over the pastyar period with
3.784 tonnes (13% of total production).

Germany and Poland have no registered RAS production prior to 2011. Germany ahmhaively
stable, butn increasing trend, starting at.590 tonnes %) in 2011 which increased to 221tonnes

(8%) in 2018. Poland shows decreasing and more variable production volumes. From 2.959 tonnes
(14%) in 2011 down to 1.055 tonnes (5%) in 2013 and up 20031 tonnes %) in 2018.

Spain registeredts first RAS production of 610 tonnes (3%) in 2008nd shows an increasing but
variable trend. The lowest volume was registered in 2012 (426 tonnes) and the highest i8 26th
1.290tonnes 6%).

Table4: Yearly production volume hM™ A~ d m” p g \*bbg goiintynt no ™ hn »
(tonnes live weight)

Denmark 11.494 11.471 10.785 11.579 10.861 11.068 13.209 13.812 13.284 12.847
Netherlands 7.932 6.610 4.340 3.415 6.535 5.725 5.290 5.290 4.821 4971
France 80 1.415 455 379 632 570 29 41 3.784
Germany 1.590 1.235 1.679 2.262 2.820 2.547 2.722 2.321
Poland 2.959 1.197 1.055 1.825 1.782 1.645 1.836 2.031
Spain 610 601 472 426 720 911 810 634 865 1.290
Slovakia 2 11 560 922 822
Austria 438 338 421
Lithuania 12 8 13 66 99 122 360 435 326 356
Estonia 55 126 100 100 105 160
Czech Republic 36 29 74 37 97 77 185 238 24 136
Hungary 1.767 1.891 77 73 95 88 172 136 81 136
Bulgaria 4 8 357 135
Latvia 8 16 23 27 30 27 67 19 37 81
Croatia 67 42 16 20
Italy 106 74 1 45 2 3 3 2 3
Greece 77 68 75

United Kingdom 322 473 490 190 380 393 13 9 1 0
Romania 14 16

Ireland 4

Total 22439 | 22.638 | 21.384 | 18.625 | 22.281 | 23.214 | 25328 | 25.871 | 25.428 | 29.513

Source: Brostat

In addition to the table above, other Member States have reported sisedle RAS production which
have not been reported to Eurostat as it is below the threshold. In Belgium, a few commercial producers
use RASiter aliafor striped seabass, sturgeons, pike perch fingerlings and whiteleg shrimp. In Sweden,
the total production in RAS is low and an aggregated volume of 98 tonnes (all species) was reported
for the first time in 2017. According to the Swedish Board ajrisulture, the production volume in
2018 is likely above 100 tonnes and includes species such as salmon, trout, rainbow trout, Arctic charr,
Nile tilapia, sturgeons, crayfish, carps and perch.

64 As definedby Eurostat, ref. chapted.3.2
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Around 90% of the RAS production is in a freshwater environtnehile the remaining 10% is sea and
brackish water. In terms of species, the top five species accounted 56t ®f the production in 208.
Rainbow trout is by far themost farmed speciesaccounting for 5% (16.471 tonnes) of total
production Rainbow tout is followed by North African catfish5(066 tonnes), European ee#t (152
tonnes), Atlantic salmorl(514 tonnes) and Senegalese sol@gl tonnes).

Table5: Top five speciesanp sixk mj _p~Adi b H h] "m Noho “tn2@é8 ©° M  ~dm~
(tonnes live weight)

pecie Denma etherland ance erma Poland o Othe OTA
Rainbow trout 11.398 0 3.595 40 1.043 0 395 16.471
North African catfish 0 2.470 0 713 298 0 1.584 5.066
European eel 428 2.150 0 1.205 0 342 27 4.152
Atlantic salmon 1.021 0 0 0 493 0 0 1.514
Senegalese sole 0 0 0 0 0 861 0 861
Other 0 351 189 362 196 86 264 1.449
TOTAL 12.847 4.971 3.784 2.321 2.031 1.290 2.270 29.513

Source. Eurostat

4.2 Hatcheries, juveniles and smolt

Normally, hatcheries andurseries for juveniles use lanbased flowthrough systems in tanksor
raceways located on the seashore (sea water)oninland ponds, lakes or rivers (freshwater). However,
RAS technology has been used to prodfrgeand juveniles for decades and these of RAS is increasing
especiallyfor smolt production (salmonidst is estimated thatthe share of RAS in smolt production
amongst the largest salmon producing countrieas increasedrom below 40% in 2014/2015 to more
than 50% in 2Q18/2019%. Furthemore, the construction ofmost new smolt production facilitiess
based on RAS technology.

The juvenile stage of production needs less wataut is more fragile than the growout phase. Even
thoughthe tanks are smaller, the number of juveniladividuals in each tank is much highand deaths
due to diseases or changes in the water environment will hawmaespowlingly larger impact. Hence,
the main driver behind RAS in juvenile production is water environment coatidl not necessarily
reduction of water consumption.

In the production of smolt and juveniles, the fish are hatched and nurtured up to a certain size before
they are transferred to a growout environment. The size of juveniles is species dependent
Consequently, the production terms of volume (tonnes) can be classified as smsdlale.

Oc™ @ mjnolo _\o\]\n> ja ©°kmj _p”*rodji ja A o”c md
contains data on juveniles both destined for further gramt phase (aquaculture) and to be eased

into the wild (conservation measures). However, due to confidentiality, iviemgberStates only report

total juvenile production without specifying destination use. Furthermore, the database does notinclude

a variable for production method. Conseauly, it is not possible to identify the share of juveniles

destined for growout in aquaculture, nor the share of RAS in the production.

Based on Eurostatlata onjuvenile production data finfishas well as orassumptions on a range of
juvenile sizes (wight) before transfer to growout environment or released to the wild, the table below
estimatesthe total production volume of juveniles between 29.000 and 45.200 tonnes in 2017 in the
EU.

% As definedby Eurostat, ref. chapted.3.2
66 Estimates by Kontali Analyse.

“@pmjnoVlo _\Vo\]\n" °adncz\I /] »)
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Table6: EU production of finfish juven#e2017 and estimated volume (tonnes)

Number of Esimatedtotal volume

juveniles (tonnes rounded)
Species Million Min \ Max
Rainbow trout Oncorhynchus mykiss 321 8.000* 9.600*
Miscellaneous carp fishes 759 2.300 7.600
Atlantic salmon- Salmo salar 66 5.300 7.300
Marine fishes nei Osteichthyes 355 3.600 7.100
Gilthead seabream Sparus aurata 340 2.700 3.400
European seabassDicentrarchus labrax 233 1.900 2.300
Sea trout- Salmo trutta 46 900 1.400
European whitefish Coregonus lavaretus 118 600 1.200
Northern pike- Esox lucius 112 900 1.100
Pikeperch- Stizostedion lucioperca 80 800 1.000
Other (26 species) 182 2.000 3.000
Total finfish 2.614 29.000 45.000

Source: Eurostat, volumes estimated by EUM@X#erts
*For trout, the difference between juvenile and grawt stage is less clear, hence the estimatptvenileweights are more
uncertain.

The salmon industry is fairly developed in terms of RAS technoleiggn it comes tesmolt production.

In Norway and Chilethe share of RAS in smolt productiemsomewhere between 40% and 50%, in
the Faroe Islands it is close to 100%hile in the UK the share is less than 16%The general share

of RAS production is assumed to beadtower range in the EU, probably betwe&% and 10%, which
according to the table above implies that RAS is used on less than 5.000 tonnes of the juvenile
production.

68 Estimates for 2018 by Kontali Analyse.
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5 DRIVERS AND BARRIEGR RAS PRODUCTION

RAS production is technologically complex compared to traditional production metRéds.have a

long history in freshwater environment (e.g. portion trout, eel and smiolt) are immature in terms of
commercialised largescale production of markesized fish in saline water environment. Despite
technological developments in recent yeatisere are still many risks associated with RAS operations.
The risks can be classified in four main categories: operational risks, financial risks, market risks and
social and regulatory licensé&s

5.1 Operational risks

Operational risks are related to the fetioning of the system. The equipment and technology must be
managed correctly to replicate the optimal environment and water quality for the,fesid to ensure
optimal animal welfare and growthlIf the equipment or technology (filtering systems, pumpg;)e
malfunctions, either due to errors, ineffective design/assembly or poor management, the accumulation
of toxic gases (e.g. carbon dioxide, ammonia and hydrogenic sulphide) will negatively affect the health,
welfare and growth performance of the fish and can quicklyevenhave fatal consequences.Sub
optimal rearing conditions can also reduce the quality of the product in terms of colour, texture and
taste.

Freshwater RA8ave proven successful for decades, both for rearing markéted portion trout ad

eel, but especially for smolt production. Due to long experience from trial and error, the operational
risks related to freshwater RA&e lower than for RAS in saline environment. High salinity can lead to
corrosion, so saltwater RAS requires more ral{asd expensive) equipment. There are also additional
risks related to accumulation of toxic gasses (especially, @ad HS) with saltwater RAS production
compared to freshwater.

With all the technology and management of the different variables, a skilltkforce is essential for

a RAS facility to operate successfully. Competence is ne&dtitthe reared species, water quality, the
technological installationsand in general management. Often, the competence should be spedoific
the farm/technology thais managed, and education within general aguaculture might not be enough.
Despite the high impact of workforce skillson the farming performance in RAS, availability of
competence seems to be one of the main bottlenecks in these systems. In order teaserthe
availability of skilled workforceit could bewiseto locate RAS facilities close to areas where research
and educatioractivities take place

Biological adaptations could be implemented to mitigate biological risks. All reared species are
domesticated according to their traditional farming techniques, which makes them specially adapted
to this environment after some generations. An important aspof the issue with fish welfare in RAS

is the interaction between fish genotype and their environment (phenotype). For example, the findings
of a study on common soleSo/ea solexfrom 2013, found a low genetic correlation for growth
between differentenvironments which implies a strong genotype by environment interacfidns
interaction suggests there might bepotential for breeding fish that are adapted to their farming
facilities, including RAS.

69 Rabobank 20194quaculture 2.0: RAS Is Driving Change
70 Aslam et. Al., 2019&ffect of CQ on elemental concentrations in recirculation aquaculture system tanks,

https://www.sciencedirect.com/science/article/piiBE18619301085?via%3Dihub

"1 https://salmonbusiness.com/quarief-a-million-salmon die-at-atlantic-sapphiresdanishras-facility/.
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In general, there are advanced breeding prograss for just a few fish species, including salmon,
trout, seabass and tilapfa. These species are therefore believed to be leading in development of RAS
breeding lines. There is an ongoing adaptation towards breeding fish for RAS as the demand is growing,
and there are already some developed produ@ts

There is lack of several environmental signals in a RAS environment. In addition, the fish is often kept

at higher density than in traditional production. The combination of these factors can lead to
accumulation ®hormones in the watef, and potentially early sexual maturation. Early maturity is not
desirable,because itis conducive to inferiofflesh quality, and becausethe fish might experience

problems with the osmotic regulation, which is a welfare issue. ®aolation, which has been used for

\' gjib odh” di kjmodji omjpa ha\\gnhxd i bb bdn "d@p nock™ 'k mj

Another way of mitigating biological risk is by nutritional adaptation. Feed companies such as Skretting,
Cargill BioMarand Aller Aqudnave developed special feed for RAS production environmigrtsentral
adaptation withthese specialised feedss to increasethe digestibility degreeand producefaeceswith

a solid compositionThis reduces the stress on bothechanical and biological filters and can improve
water quality and reduce the operational costs.

5.2 Financial risks

One of thetoughestchallenges for RAS operationstsbe found in the amount otapital expenditure
(capex)that is required upfront Buildhg and constructing RAS facilities account for most of the
development cape%. Some stakeholders state that the total investment cost of a falicle RAS facility

for Atlanticsalmon is similar to that of traditional farming methods in Norwague to the hgh cost of
traditional farming licenses. Howeveunncertainty regarding future costs of production, including
biological risks, and the long time period between the initial investment and the revenue from RAS
production increases the need for financiagfibility. Theres alsouncertainy regarding the expected
return on investments de to market risks (see chaptés.3 below). As previously mentioned, large
scalecommercial RAS production of markeized fish in saline environment till in its early days,

with evenmore unknowns leading to higher financial risks for these projects.

Operating costs (opexdregenerally considered higher in RAS compared to tradél farming methods.

This is mainly due to the energglemanding process of treating and transporting the water. The highest
costs connected to water treatment are related to pumping and lifting of water, @&noval,
temperature control and oxygenatiorhdse costs will of course vary with the different local conditions

of the water source. Naturally, the costs will be reduced if theeirwater can flow into the facility
(reduced need for pumpgndif it has high quality and the right temperature (redad need for filtering

and treatment). In all aquaculture production, feed is one of the major operating costs and even more
so in RAS if the facility uses specialised Ri&&d.

For the time being, sludge (or fish manure) is another operating cost in af&MN8y. Unlike traditional
aguaculture, RAS collect the sludge and consequently must dispose of it in a legal and sustainable
manner. Sludge has a high content of energy, nitrogen and minerals, such as phosphorus, and could be

72 https://salmobreed.no/productsttps://aguagen.no/en/productsitps://mowi.com/about/otunique
breed/http://www.genomar.no/?

BNV ghj ] m° _Y%n HtdN:AsEliHabieled . No/p&osubts/

" Wang et al., 2019Effects of stocking density on the growth and immunity of Atlantic salmon salmo salar reared in
rearculating aquaculture systems (RABps://link.springer.com/article/10.1007/s0034R.9-7350-7

®<|l p\'B i -@a\lgV g®°»glgmj _p”*o gdi "n aj m ] http/aguanen\nd/em/dréductsA g hj i\ i

6 Skretting, Unknown yeabye are the global leaders in RA®&ps://[www.skretting.com/en/research
innovation/innovations/ras/

"7 Rabobank 2019Aquaculture 2.0: RAS Is Driving Change
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turned into a resource, e.gas a natural fertiliser or extraction of phosphordéisHowever, more
research is needed and currently, governmental regulatidhisit the use of sludge.

Some stakeholders state that with the increasing costs of traditional farming of Atlantic salmon
(especially concerning sea lice treatments), combined with technological development in RAS, the
average production costs are converging.

5.3 Market risks

Market conditions depend on several factors, including competition from other producers, production
volume,product quality and consumer demaritheoretically, all aquatic species can be farmed in RAS.
However, not all species are assumed to perform well in a RAS environ@ethinot all species have
market conditions which justify the higher production costs.

Most promoters of RAS project higher market prices for their producased on its sustainability
credentials, localness and associated freshness. Some stakeholders interviewed for this study claim
that it is possible to attain a price premium between 58d 20%. Others state that a price premium

(if at all present) will disappear as soon as the RAS production increases.

There appear to have been no widespread surveys of consumer willingness to pay extra for fish
produced in RAS. However, a master thé®m 2016 investigated the attitudes of Danish consumers
towards RAS produced fih Based on a sample of 238 respondents, the data indicated that a price
premium is attainable. Furthermore, the study found that product attributes relating to health factor
(absence of antibiotics, medicine and heavy metals) are deemed more positive than attributes relating
to sustainability and animal welfare.

Other surveys on related criteria (certification and ecolabelling) suggest that a price premium of around
15% cout be attained if independentlycertified and weHpromoted ecolabelsre used'. However, in

a study on organic Norwegian salmon, the price premium was lost and even became negative when
the flesh of organic salmorturned outto be pale in comparison with anventional salmon. Hence
conventional indicators of quality tended to override any specific labelling.

N

< b i " "md” ~c\gg i b -studiessthat gugh statedgprgfgrenceb are often poorly Kk \ t »
correlated with revealegreferences, i.e. theonsumer¥actual purchasing behaviour at the checkout.

There is not enough data to analyse a price premium on RAS produced fish, but that does not mean it

is not possible to attairit.

8 Arvanitoyannis, 1.S. & Kassavetti, A., 2088/ ndustry waste. treatments, environmental impacts, current and potential
uses https://ifst.onlinelibrary.wiley.com/doi/abs/10.1111/j.138621.2006.01513.x

®Forexample, s *m> h i o ja adnc _j > n ijo a\lgg pi_"m oc’ -produatdi dodj i |
regulation (Regulation No. 1069/2009) and cannot be utilised as a natural fertilizer.

8 Ekmann, 2016/nvestigation of Consumer Attitude Tands RAS Produced Fjsh
https://projekter.aau.dk/projekter/files/2706430/Investigation_of_Consumer_Attitude_Towards_RAS_Produced_Fish___ In_
Pursuit_of _a_Viable_Price_ Premium Master_Thesis.pdf

81 Bostock J, Fletcher D, Badiola M & Murray F (2048)update on the 2014 report: "Review of Recirculation Aquaculture
System Bchnologies and their Commercial Applicatiafighlands & Islands Enterprise. Inverness.
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Under EU regulatidh, RAS cannot be labelleaks organic and there are no RAspecific labels or
certifications. However, as consumers are increasingly focusing on sustainability, animal welfare,
organic production and locaHgroduced food, several factors could be used in the marketing and
branding ofRAS products to attain a price premium:

i Environment
0 Reduce effluent loads
0 No escapees
0 Increased environmental control
1 Traceability
1 Localness
0 RAS promotes new possibilities for aquaculture production almost anywhere, and some
consumers tend to pay extra fdocal produced food.
1 Biosecurity
o Disease management
0 No parasites and pathogen accumulation
0 Some customers believe that RAS is more sustainable

Nearmarket RAS productignand subsequent shorter transportatioopuld also redue the carbon
footprint of the products in the markeOn the other hand, RAS production is enengfgnsive and the
net benefit on carbon pollution is highly dependent on the energy soulrtehis respect, RAS is
especiallyinterestingwhen combined with renewable energy soes

A generalquality issue isthe presence ofgeosminin RASproduced fishwhich is responsible foan
earthy off-flavour in meat and ro€?. Currently, theff flavour is removed by purging the fish in clean
water and not feeding it for a period of abdwa week.This method is sufficient for the fish meahut
to remove theoff flavour in the roe, the fish must be purged for a much longer time.

Another market risk concerns external factors, of which the C@\Mpandemic is a good example.
Many aquaculture farmers, including RAS producease focusing on higkvalued species.
Unfortunately, many of these specidmppen to be consumed mostly out of honmamd thehospitality
industry has been highly affected by théockdowns andhe social distancingmeasures taken in an
effort to contain the pandemic

5.4 Social and regulatory licensing

As withtraditional aquaculture, production permits are necessary to establish a RAS facility. In addition,
licenses are required for the intake and dischargewater. With decreasing availability of suitable,
regulated coastal areas, licenses for cappased aquaculture are difficult and expensive to obtain,
which is a substantial driver for moving the production on land.

Regarding regulatory permits and licerssenultilevel governance caresult inbarriers or risks, both
within a MS and between the MS and the EU, in relation to e.g. the Marine Strategy Framework
Directivé* and the EU Water Framework Direcfiveand River Basin Management principles for

82 Commission Regulation (EC) No 889/2008 until 31st December 2021, Regulation (EU) 2018/848 from 1 January 2022.
The Commission has adopted a proposal for the posgraent of the entry into application of this Regulation until 1 January
2022, and the Regulation is expected to be soon adopted by the EU Parliament and Council.

8 https://www.aquaculturealliance.org/advocateffitivors-in-salmonidsraisedin-ras/
84 Directive 2008/56/EC.
8 Directive 2000/60/EC.
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freshwater environments. The interactions between local, regional, national and EU legal requirements
can often make the licensing process unpredictable and protra€ted

Even with regulatory permits and licenses in place, it is not always straightforward to gestipgort

of local communites. At the same time some consumers are not happy to have production at sea
either. With respect to animal welfare, the focus on treatment of sea lice, escapees, and the use of
antibiotics, social licensing could less expensie for RAS facilities.

5.5 Growth drivers

As the demand for transparent and sustainable food is increasing, the two main drivers for RAS growth
seem to be proximity to the market anetducedenvironmental impact.

Proximity to the markets a driver for RAS growtlsince recirculation of water makes facilities less
dependent on water sources/location. Furthermore, RAS makes it possible to farm foreign species by
adjusting the growth environment, including e.g. lighting, temperature, isalemd water current.
Proximityalso reducs transport, which can lead to fresher products to the market and reduced carbon
emissions.

Other environmental aspectsare also possible drivers for RAS growth. Compared to traditional
methods, RAS facilities oahave complete control over environmental parameters, significant
reduction in water consumption, control and treatment of the effluent water and waste, good
possibilities for fish health and pathogens control (biosecurity) and prevention of escdpés
production in combination with renewable energy sources could also reduce the carbon footprint of the
final products.

8 EUMOFA 201%actors affecting crossorder investments in EU aquaculture
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6 CASE STUES

6.1 Saline water finfish, grow-out of Atlantic salmon

6.1.1 Introduwtion

Thetotal global production of Atlanti salmon wasalmost 2,6 million tonnes in 2018. European
countries accounted fo84% of this production, while the EU accounted for 8%. The largest producing
countries wereNorway(52%), Chile (27%), the UK (7%Janada (5%) and the Faroe Islands (3%).

Production of Atlantic salmohas more than tripled over the past 20 yeansith a compound average
growth rate (CAGR)f 6%. Over the same periodhe EU productiomas increased byless than 50%
with a CAGR a2%.

Thewholeproduction cyclef Atlanticsalmon, from ova inlay to harvesis usuallybetween2-3 years
The fish is first cultivated in freshwater until it reaches the smolt stadium, normaifter 10 to 16
months. Therfollows the growout phase wheretraditionally the smolt is transferred to sea cages
where it grows to harvest weight, normalfwer a time span ofL2 to 24 months.

Figure5: Traditionalproduction cyclef Atlantic salmon

10-16 months

Transfer
to sea

Growth phase
in sea

12-24 months

Source: MowiSalmon Farmingndustry Handbook 220

Smolt is normally grown in tanks on land, usually with a flesrroughor RASechnology.These smolt
facilities are often located near rivers and streams to ensgteadyaccesdo clean fresh intake water.
Over the past 1020 years, smolt facilities havencreasingly incorporated RAS technology, both to limit
the intake water,and to control and adjust the growing environment. Much of the technology
developmentdn RAS are driven byast experiences from smolt production.

The growout phaseat sea is influenced by severanvironmentalfactors. One important factor is
water temperature. Atlantic salmon is a celdooded animal and thrives in water temperatures

87 Kontali Analyse.
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between 814 °C As a result, someolderregionshave largenatural competitive advatages Other

important factors are sea lice andiseases In atraditional seacage,it is impossible tgprotect the fish

from sealice, parasites, poisonowdgae,or other diseasesTreatment is costhyif at all possible, which
often leads to early hanest of the whole biomass

To limitthe time spent by the fish in the sea thus reducing exposure to sea lice, deceases and other
environmental influences that can harm the fish or its growthan increasing number of farms are
producing postsmolt. Compagd to smolt, which weigh between 100 and 250 grams, pastholt are
kept longer in tanks on land angeighup to 1 kg

Someargue that the next logical stepvould beto move the whole production cycle on land, using
flowthrough or RAS technologide control the growing environmenfrom ova inlay to slaughter.
Currently, most functional RAS facilities operdtea freshwater environmentbut the number of
facilities operatingn a saline water environment is increasing.2019, only between 5.000and 10.000
tonnesof Atlantic salmon was produced in RAS globdtythe long termthe planned futureproduction
capacityexceedsl,7 million tonne&.

Around 10% of the planned capacitg in the EU, while another 40% other European countries,
mainly Norway and IcelandAbout1% of the production capacity is fully operationat in the process
of building biomass while another 2%is under constructionThe remaining capacitys still at the
planning stage, either with or without a specific site.

Figure6: RAS projects and planned future production capafitp00 tonnes)

800 1.600
700 1.400
3 000 1.200
£ 500 " mAll others = EU
g 400 g 1.000
o
S 300 2 800
=3
isz
0 I || - - - - l 400
RN g & L S P& & & 200
@é\ & & (¥ b\@@ & &0®
K\‘? '&Q,« 0&0 ' {}(\z 0 —
K © £ Fully Building Under  Site specific Plans - Site
eo“ Operational Biomass construction plan unknown
Source Kontali Analyse

6.1.2 Nordic Aquafarms

One of the already fully operational RAS facilities iNordic Aquafarmi&subsidiary Fredrikstad
Seafoodsin Norway Fredrikstad Seafoods wasficially established in 2014 andmmediatelystarted
working with the Norwegian authoritiego obtain land-based farming licenses. In 2015 they were
granted aresearch licenseand in2016 the Norwegian government introduced permanent lapased
farming licensesfor which Fredrikstad Seafoods was the first applicaAtter being awarded a license,
the construction othe production facilityin the town of Fredrikstadoeganin late 2016.

Fredrikstad Seafoaslis one of the largest lanebased salmon farming facilities, with a current cagty
of around 1.500tonnes.The production facility is located close to thizer deltawith direct intake of
sea water.The facility has two independemhodules, each with a separate RAS loop. The technology

88 Kontali Analyse
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used is*Kriiger Veolia RAS 203 system withtwo circular tanks of 5.200 m® combinedwith movable
gatesto adjust the tank sizesind integrated biofiltersin the cente.

Figure7: Kriiger Veolia RAS 2020illustration of the water treatment process
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SourceKriiger AS VeoliaWater Technologies

Production started withinput of smolt in May 2019and the facility soon deliveredstrong biological
performance . The first harvest wasn April 202Q and since thenFredrikstad Seafoods have harvested
some fish as large as 9 kdgr'he final product is of high quality, at least based @eedback fromtheir
customers who highlight tender and firm meat, less faand great taste.For certain segments,
Fredrikstad Seafoodsalso obtained a price premium for their lantdased product compared to
traditionally farmed salmon.

Nordic Aquafarms aim to be a leading player in labdsed aquaculture with production close large

markets. Fredrikstad Seafoodgroduction facility isalso acentrefor research and developmepand

training when it comes to Atlantic salmonThe next phases for Nordic Aquafarms are tplanned
production facilities in the USA, one in Maine tie ast coast and one iNorthernCalifornia on the
west coast as well as scouting for opportunitiefer establishingproduction in AsiaBy 2030, Nordic
Aquafarmsaim at producing more than 70.000 tonnesf Atlantic salmonhead on, gutted IOG in

RAS wdd-wide.

The US consumesiore than500.000 tonnesof whole fish equivalent \WFE of salmon every year
With a 90%seafoodtrade deficit, most of consumption is based on imports. Supply of loepityduced,
fresh Atlantic salmon makes sense both fromfiaancial and environmental viewpoint

Theproduction facility in Maine is in the advanced planning stageey expect to ieeive the necessary
permits within 202Q after which they will start construction immediately. Tlwnstruction will be
divided in twophases of approximately 12.500 tonnedOGproduction capacity eachlhe planned
production facility in Northern California will be replica of the facility in Maine Nordic Aquafarms
havealreadysecured an option to lease the land argnd permits are expected within 2021.

Based on their experiences from Fredrikstad Seafoadh a production system from Kruger Veglia
the facilities in the US are planned wittifferent production system designs. The main differeace
between the systems are the shape dfe tanks and the water treatment capacitfhe new system
will have individual octangular tanksvhich allows the fish to freely swim counterflow without any
movable gatesblocking them. Compared to the Kriger Veolia RAS 2020, water treatoagacitywill
increase byaround 30% in the new system from 1,5 to 2 times per howith an additional 20% side
stream water treatment

The growout modular conceptor phase 1 in Maine (around 12.500 tonnétOGcapacity) will consist
of 13 RAS loopseachloop with two fish tanks.When fully developedgach tank willonly hold about
4% of the total biomass, which redusehe operational risk.
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Figure8: Modular concept of a growout facility with approx. 12.500 tonnes capacity

Source: Nordidquafarms

6.1.3 Investment costs

Landbased RAS production is still in the development phaséno companies have reached a stable,
high volume production. As a result, there are no proven neakstment cost (capeXgvels on these
types of facilities. There are however many estimates and calculations for the numegpdasned
projectsand projects under development.

According to calculations by Pareto Securities in 2019, capex estimateg a lot acrossdifferent
projectsand technologiegFigure9 illustrates their calculations

Figure9: Estimated CAPEX for different growth initiatiyéOK/kg HOG capadity

NOK/kg HOG capacity

SourcePresentation by Pareto Securities AS Equity Research at North Atlantic Seafood Foruimb2828 on information
from Pareto Securities Equity Research, NRS, MOWI, Atlantic Sapphire, Nordic Aqaatiberoy Seafood

The two light blue columnsiFigure9 illustrates the cost of the licensing scheme in Norwayaditional
sea cage farms in Norwayequire a license and permifor a defined sea areaThe licensesset a
maximum allowable biomass (MAB) on tlferming locations and have primarily been sold through
auctions for the past 5 yeard.icenses for lanebased production are free of charge.

According to calculations by the Norwegisalmonproducer Grieg Seafood in 20¥8the investment
costs per kg harvested fishKHOG for a new sea cage productiosite in Norwaycould be40% higher
than for onshore expansianAlthough the investmentsequired in the post smolt and farming phase
are 2,5 times higher for landbased RAShe total investment cost is more than outweighed by the cost
of a new license for sea cage production.

8 Grieg Seafood ASA, presentation at Capital Markets Update 5 September 2018.
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