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1. The Feasibility Studypurpose

This Report illustrates various strategic directions which the West Estonia Region and its Municipalities
should consider to structureestablish,and motivate stakeholders so that various aquaculture
production initiatives aimed for the West Estonian coastal zdioe the period 202€30 can be
materialized.Suchstrategies includ¢he following:

1

lllustrations of the poduction potential of large rainbow trout biomass/harvested volumes,
farmed by various technicalatforms.

The potential of integrating aquaponic setup with fish productioncultivation ofboth mussel
and macroalgae illustrated wityearlyaquaponicharvestbiomass.

New farming techniques and the link to aquaponic integration may reduce the normal waste
fluxes to the environmenby farming rainbowrout.

0 These fluxes are shown fopen nets, fish tanks on land and for seeniclosed floating
fish bags in thaea.

These updated flux performanceseillustrated by use of the latest Baltic fish feed 202d4d
the fluxesare benchmarlagainstthe current Water Act thresholds for nutriefiixesfrom fish
farmingsetupfor the WestEstonia

lllustrations of potential circular economy, how it can be arranged where new initiatives can
exploit the marine resource

Suggestonshow West Estonia region best could organize the way forward

Highlight the risk elements related to such circular economy introduction

These main taskareillustrated below and summarized as:
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A background - the Feasibility study West Estonia

The Saaremaa Rural Municipality Government arranged a public procurementto organize and receive a
Feasibility Study of WestEstonia coastalzone wherethe scopeis;

+ |dentify the potentials of an eco-friendly sustainable strategy where the marine and coastal zones
resources can be exploited with modern investment and technology

Focus is:
Clearly Weather conditions
Suggest . . Address action address risk Physical strengths of
moden fish Identify Wentify  pian so that these  elements- new farmi
f aquaponic : . =
arming ntials circular potentials can he learn from platform
! S . SEL sy exploited other fish available zones and
for West West Estonia positions 2020-30 farming locations
Estonia regions

The report shall have a fact based and neutral format and reflect the conditions ofthe region as of today and
suggestits’ potentials for 2020-30.
The content of the Feasibility Reportisthe Saare- and Hiiumaa property and can be freely used.

Figure 1Scope of the analysis.

The man purpose for this Report is to suggest mechamisand strategies to the West Estonia
Municipalities (WEM) of a way forward where the aim is to exploit its marine resources. One of the
intentions is to allow WEM to receive objective neutral suggestionshso its stakeholdes could
initiate discussion, decision for a way forward where its resoexgdoiting are framed over modern,
sustainable and environmental set@md knowledgeframed overthe conditions of the Baltic Sea as
such.

Therefore this repot recommendations and suggestions for the exploiting of West Estonia marine
resources ahouldbe carefully evaluated, and WEM should form its final decssédsobasedupon
other documentsand inputs Aquaconsulting Senstad is not responsible for anyaug; positions if
WEM should follow upthis report observations The same positions also for the aquaponic
contributions provided by Jonne Kotta and Georg Martiniversity Tartu. WEM nor any
partner/business relationship WEM creates can sue/claim tt@as for direct nor indirect loss, we
are also not responsible for any customer's nor its customers clients direct nor indiredokssf
earnings related to oucontributions and suggestions.

Other levels of fish farming planningsibiomass derity, it's feed demand and the fish feed in use will
show other fluxes of waste, so will also other mechanical water filtration setup. Our observations is
based upon a standardrell usedwater filtration, moderate fish biomass density and one of the
commergal fish feed avéable in the Baltic region todaypensity and cultivation techniques for the
mussel and macroalgae will also influence the final performanths. flux reduction per kg fish
produced should however be relevant and be within reach basexh wor knowledgedo date.

WEM with itslocal knowledge and expertise specially related to environmental conditions, mapping
its coastal zone for various exploiting positic®uld allow dedicated zones/ locatiotisbe allocated
for aquaculture activitis.

2. Executive observations

West Estonia region has updated some terms for aguaculture aethainly address as the Water Act
which sets maximum waste/nutrients flguantity to sea per kg fish produced
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3 Aquaponic integration - Water Act West Estonia 2020

Total Phosphorus
7 gram

Water Act Estonia
(4) The amount of total nitrogen dischargedinto the aquatic environment shall be calculated by the following
formula:
M =[(Nfeed = Mfeed) - (Mkala = Mkala)] / 100%, where
M - amount of total nitrogen released into the aquaticenvironmentin kilograms;
"Feed” means the percentage oftotal nitrogenin the feed;
Mkala- percentage of total nitrogeninfish, Nkala=2.75%. (5) P =[(Feed = M feed)- (Pkala = Mkala)] / 100%,
whera
P - amount of total phosphorusreleasedinto the aquatic environmentin kilograms;
"Feed” means the percentage oftotal phosphorusinthe feed;
Pkala- percentage oftotal phosphorusinthe fish, Pkala = 0,4%. M feed - the quantity of feed usedin
kilograms;
Mkala - aquaculture production in kilograms.

(6) The annual nutrient emissions from a sea buckthorn farm shall not exceed an average of ¥ grams oftotal
phosphorus and 50 grams oftotal nitrogen per kilogram of fish produced.

Figure 2 Water Act threshold per kg fish produced

The Act have specified the maximum total flux of Nitrogen as 50 gpaml kg fish produced and a 7
grans Phosphorus per kg fish produced. The Act is not splitting between dissolved nutrient to the free
water columnnor the proportion bound to particulamaterials. Norway and Denmark have very much
the same assimilation factors for Nitrogéh75%)and Phosphorué0.4%)as West Estonia.

West Estonia h&not specified nor quantified zones, sites and tgtedrlyflux quotasto the dedicated
zones whereaquaculture activity could be establish would be very useful gublic stakeholderslo
considerthe best locations with minimum of environmental disturbaace

These undefined factordo result in an uncertainty for the coastal zosemembers and spedifor
private stakeholders who have an interest in establishing circular activity in West Estonia:

a) West Estonia lackmotivation terms for aquaculture investors to take decisiohiomass
volume, nor flux quotas per site, per region, per yaardefined

b) This represers uncertainties and risk factors

¢) The aquaculture sectan West Estonigoday is fragile, lack major partners that could lead the
way forward

d) Gommercial fishfarming activity exists in Finland, Sweden and Denmdnkwever, each
individual pemit is very small they lack permits that could survive for a longer penwith a
good foundation of economy of scaleuch elements is important to consider for West Estonia

a. Farming activity in West Estonia is very small and does not reprementrdust
economy of scale
e) There are a few applications for offshore open net farmitige final outcome is not yet made
f) Many previous public grants have failed to motivate and initiate active farauingmarine
cultivations

An illustration of the circulaeconomy as ofoday.
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D Observations Marine exploiting today Estonia

Observation: many «small» companiesthat supportthe
wholevaluechan

Theyshould bewell equippedte handlea much larger
biomass, products and secondary processing activity

82 566 tonnes live weight (2017) .
1550 fishing vessels (2017) - _ The value chain is fully in place - but needs more local

3 fisheries: Distant waters, Baitic  [*2 E produced marine raw materials
sea & Inland waters

870 tonnes live weight (2017) Export: €146 million (2017)

58 commercial companies (2017) m Top destinations: UA, BY

Freshwaters farming only X

Main species: Rainbow trout (81%) Import: €129 million (2017)
v : Top suppliers: Fl, SE

68 companies (2016)
Main products: Canned fish,
crustaceans & molluscs

17.2 kg/per capita (2015) =

Most popular: Saimon, trout,
Atlantic and Baltic herring and sprat

Figure 3Circular economypf coastal zone

The zone seems to have all elembs of a required valusupplychain however, their sizes are small
and there is too little marine rammaterials available. It seems also that the presiag industry
involving with both catches, processitige pelagc fish quotais representing a volume scale which
could be integrated toward a future fish production in the form of large rainbow trout.

Suggested fish farming platforms and productiongadial 202030;

a) Authorities must update flux information for the lateBaltic fish feed 2021do represent a
major reduction of nutrient flux to sea

b) Traditional Open net farmingvith modern techniques coulesult in a production of approx.
20 000 tonres rainbow trout per yeatthis is a conservative estimat€his idllustrated kelow
where 20x sites of which 100f these yearljhave brge harvestedfish and the other half hae
always small fish. An annual harvestn then take place for 10x sites eaclonservative
harvesting 200 tonnes live weightsum 20000 tonnes per year

{1 Each site could in theory liekm apart and harvested biomass per averagéikranly
20 tonnes see illustrationwhich should be environmental friendly and also trigger a
good foundation for optimum fish health, low interference between sites and year
classes

9 This alone could representarcular economy ofpprox.270 jobs and value of > 175
MEUR/year for details see below
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D Observations ﬂ
summery Fish =
biomass C -

= 0 (
Theoretical .
production a -8
planning (3}

I

Offshore area 100
km x 10 km

=> 20 000 000 kg *
on 1000 km2

=>20 millkgon =~
an area of
1000 mill M2

= 125.73 km
Distance

=> 20 ton/1km2

: ) | -‘.ﬁl',f’:_

Figured. lllustration of theoretical Open net farming zone with potential distance apart each location

Otherpotentialmodern fish farming platformfor West Estoniare as follows:

a) Modern land-basedfish farming with mechanicalvater filtration where the organic waste
i.e. can bewithdrawalfrom the water fluxto Baltic Sea is illustrated wher&%of the organic
fluxes is reducedtreated andis not entering the marine environmentThe reduction of
Nitrogen and Phosphorusy this mechanical filtration shownin figure kelow. Apotential of
setting up 10 largen-landsites could result in0 000 tonnegainbow trout biomass per year
125x jobs anda circular contribution a®0 MEUR/year

b) New large floating bags concefr seabasedfish farming do represent major newriovative
solutions,special suited for Baltic Seahe avantageswhich this concept showabove the
standard Open neperformanceis

better fish health

higher growth, increased surviyal

better fish quality

the enclosed fish bag/structure act as protection against algae bloom and
contaminationsallow for afully oxygenated water columyearroundand partly als@ct
asa temperature contrgl

9 further this enclosed protected water urgéhablesthe fish farmer to have fullantrol of
the wastefluxes which we consider to be a game changer for Baltic aquaculinge
represent a key foundation for our report.

1
1
1
1

Further we have integrated the dand and the floating bag concept with agumponicsetup:

This is arrangemerds illustrated in figuré below.

1 Exploiting the natural ambient macroalga green gi@#igsa intestinal) and the shellfistblue
mussel Mytilus eduli$ will represent large quantity of cultured biomasses

I Harvesting these will result imutrient out-fluxes from thecoastal zonevhere

e dissolved nutrierd, as a result of the fish digestion of the fish fea in the steadywater
columnout of the fish farming units anid kept inside fluxes pipes that can be directed toward
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similar enclosedloatingaquaponic units where cultivation ofacroalgae can assimilate a high
proportion of such nutrient

e However, an introduction of thigarmingplatform must becarefullyverified accordingo local
weather conditiongcurrents and wave heiglaind suitable locations withnnual waste quota

e The shellfish will physical active filter out suspended organic partirie® the samefish
holdingunits, these particles are directed in a closed pipe loop toward similar mioags!

e The mussel capturing organic materials results in reduced waste flugasrgund, the
photosynthesis by the macroalgae will assimildte dissolved nutrient onlpart of the year
when there is enougbBunlight that triggesuch aphotosynthesis

The potential of annual produced rainbow trout from fish tankslamd 10000 tomes and similar
biomass form floating bag concepshows thetotal potential of 40000 tonnesrainbow trout in the
regionper year. Circular economy for tlom-land and bag concept is approx. 250 jobs

Circular economy by the aquaponic integration maygty estimated be 175x jobs

D Observations - Aquaponic integration

* |s alsooftenlabeledas Integrated Multi-Trophic Aquaculture (IMTA)
IMTA- integrated Multi-

TrophicAquaculture
Fed Aquaculture

(Finfish)
+ Shellfish isfiltering and
capture the pariculate
materials and carbonis
boundto its shell

* Macroalgae is assimilating
the inorganicdissolved
nutrients and shiftthe
carbon dioxide to oxygen

Deposit Extractive
Aquaculture (Invertebrates)

Figureb. lllustrations of aquaponic setup.

The growth potential omacroalgadJlva intestinalisin the region
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D Observations — lllustration of Macroalgae growing season

Macroalgae seasonal growth pattern

None Aquaponic Sub-optimum

Sub-optimum
assimilation

lan |_Febr |Mar-:h_ Apr | May | June | July | Aug | Sept | Oct | N'mr_| Dec |

Limited sunlight and low temperature
Medium

[ .

Figure6. Macroalgaegrowth potential.

Thefiltration potential of blue mussel in the region

D Observations — illustration of Mussel growing season
Mussel capturing capability

Medium filtering Very High
capacity Filtering capacity

Jan Febr March Apr May June July Aug Sept Oct Mov Dec

Medium

I v high

Figure7. Blue mussdliltration performance

For the bestintegration toward anaquaponic mussel cultivationwe predict that it is best if a high
proportion of the organic suspended patrticles form the fisltsfland based or the listed floating fish
bags)is first captured by mechanical water filtration unitgn this report suggested asOQ micro
screen. This may result that approx. 55% of the organic waste is physical taken out from the fluxes
the remaining smaller particate fraction is then dedicated tfiltering shellfish populations cwired
insidemussel bags
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b)

c)

d)

The organic fish wastdraction entering mussel unitsan befully captured by the filtering
musselpopulation This represeng azeronet organic flux to seaHuxes of N and Rhich are
bound  these particless reducedseeFgure 8 below.

Further similar arrangement can also be done with aquaponic macroalgae produatim
reduce thedissolvednutrient fluxes(Nitrogen and Phosphorigurther to the next leve| see
FHgure8.

The combined wizr mechanicalfiltration, mussel and macroalgae aquaponic setup shows a
potential thattotal N quantity per kg fish producedanbe reduced by 60% compared to the
threshold level of the Water Act and total Phosphweiis reduced by 90% benchmark against
the Water ActHgure8.

These reduction levelof Nitrogen and Phosphorus is the average yearly levels where the
macroalgaeeduction in the best growing months is high and it isexit in the dark winter
months FHgure6) and whee mussel more or less sheva more steady activityEgure 7)

These reductions requisghat the water out of the floating fish bagmnd tanks odand are
first directed tomechanical filtration as statedbove Other advanced filtration seps may
reduce the fluxes more

C Executive Summary - West Estonian environmental impact
Mitrogen gramikg
fizh

|CurrentWaterAct per 1kg fish produced | | 50,0 |

|Latest Baltic fish feed Open nets | 44 4

| Tanks! bags excluding mechanical water filtration | KT

| Tanks/bags with water filtration 100 micra | 35,5

| Tanks/bags with water filtration + mussel |

| Tanks/bags with water filtration + mussel + algae | | 20,2 (-60%) | | 0,8 (-89%) |

| Physical integrated aquaponic algae and mussel to Open net farming is impossible W

Organicwaste can be fully captured by the filtering mussel fortanks onland and floating fish bags
Open seacultivation of macroalgae «green grasss is difficultto setup, fragile, weather conditions -
problematic economy platform?

Open sea cultivation of blue mussel is capable of capture waste volume of ambient natural suspended
organic materials, that can counterbalance the fluxes from fish farming activity - however the cultivation

dimensions arevery very large

Figure8. Gross and net fluxes with and without aquaponic setup.

Comments;

The Open nets strategy illustrated in this figure is having fluxes as 44 irand 51 gransP-as such
water fluxes is impossible to link to mechanical water filtrations nor iguhdament for mussel nor
macroalgae integration

The net waste flutully integrated with aquaponic setupay result in

1.
2.

Zeroorganic waste teea.
Nitrogen and Phosphas kvels are reduced by 60% and 89% benchmark with the maximum
threshold evel Isted inthe Water Act

Such an integration with both algae and mussel aldlo reduce the carbon dioxide from thfsh
farmingunits and will end up as oxygéamgae activityand carbonate bound to the shédir the mussel

activity.
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1 The photosynthesis W also have the result thatilge amount of oxygen is produced by the algae
- dissolved to the water columduring daytime

1 Mussel and algae final products should be directed toward animal feed, human food, energy
resource and fish feed

1 Theaquaponic itegration if succedal will also improve the circular economg best guess is that
this may intoduce in the ange of 175 jobs to the zone

The figure belovsummarizeghe potential of circular economy

C Executive Summery - Circular economy potential West Estonia
‘ Landbazed fizhtanks ] | Floating fizh bags ]
Egg and smokt production Open net _farmin_u: Landbased fizh farm Floating Iar_ge fish bags
Rainbow trout 20 000 tons live weight 20x large fishtanks a 10x large units, a § 000 m3
13 mill smolts per year 20xsites, 220 cages 2 200m3, on10x farms, on 10x farms
94y smoltfarms on land Harvest; 2 000 tonnes from 200 fizsh tanks, Harvest 100 floating units, Harvest
10 sitesiyear 10 000 tons 10 000 tons
Jobs tutal;l:r;:];ilnl}; chain and Open nets 270
Landbazed and Floating bags 250 Total 700x
Bestg Agquaponic 175
Circular economy value mEUR 175 Open nets
mEUR 100 landbased ILELHIETE
Best guess mEUR 100 fleating bags

Figure9. Potential circular economy

If Opennets and the two illustrated enclosed farming concepts can be arranged a t@ppodx.700
jobs, 40 000 tonnes /year live weight an@50 mEURN circular economycan be found- a high
proportion of the jobs are related to logistic and services/ maiatere

West Estonia Municipalitiesnust verifythis Reports findings and a way forward is to

a. ldentify sea and o#and locations/zones, each with dedid flux quota, we highly recommend
focusing othe exploiting of the Western part of Hiiumaa and Saareisénd.

b. Update terms for aguaculturéghat motives economy of scale plants to be constructed

c. Identify smolt farm locations- i.e. 2-3 mill capacity each, for every 10 000 tonnes large fish one
need 3.5 mill smoltswithout smolt plant no on growingactivity will take placemotivation terms
for these are crucial

d. Take initiatives for a Governmentalarine lab and field statiorthat act as knowhow and service
delivery- extremely important- link this to cross Nordic eoperation and make West Estonia be
aleading playing partner in aquaponic integratiorthe region

e. Invite international leading industrial company to seminawind energy, fish farmer, investors,
secondary processing industry, local pelagic fishing companies, shipyard, Norwggudish
manufacturer of modern farming platforms. The seminar should strategically motivate partners to
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=a =4 A

Get in touch
Be aware of the possibilities
Look towards Estonia instead of Iceland, NorBea Newfound Landr RAS investmest

on land

1 All partners are 4%ninutes flight from Tallinn, and all afeamed undera Nordic culture
and business understanding. Estonia being a major IT and 10T provider could take very
good positiors in such aquaponic integration

1 Forward fact based information about the possibilitee region, conditions, companies,
motive for JV

1 Wind energy companiemay play a major roleas Baltic Sea do need innovative solutions
for maritime aquacultureconstructions

Set up a shared pool skrvice maintenance andbgistic

Jv

Construction conponents

Terms for applied wind energy licensesould certainly be linked to various
requirements, one could be to establish a wiagua fond, where the sizes wfind
parkcould have a price/ contribution value

Such contributions could be services, kwhskao thathe Pilot stations marine lab
could be setup

The wind energy companies need service from such a statian too

f) Secondary salmon processing industiy France, Germany, Polhns desperate to have
control of their own farming biomass, cosise, risk mitigationharvest and biomasslanning
inhouse

g) Avoid the position which fish farmers in Finlan&wedenand Denmark do experience

h) Thereisnone farming licenses cost entry barrier ttay, but be smart and find an economical/
contribution friendy mechanisms for this

i) Risksweather conditions, aquaponic net res(filtering and photosynthesis capabilities inside
floating units) smolt farms, political willingness, protests from neighbours, tourist and
agriculture

j)) Remark; production cosof gutted large rainbow trout without aquaponic integration is
previous been foundtentical as Norway

The main risk elemenis illustrated below.
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D Observations — Risk factors

| Risk factors 7x pay attention to =»

Mo 1 Highestrisks is
the weather
conditions where
agquaponicintegration
can take place

Mo 2 Define if Open
net farming can be
introduced without
Ofishore cultivation

4

Ho 3 There is a need to
investigate the details
on how the aguaponic
integration with the fish
farms could be
arranged

Cheap andfunctional
mussel and macroalgae
bags- technicallayout and

costs

No 4 - The initial
investments of modern
smolt plants - this must be
linkedto licenses forfull
outgrowth of fishto 3,5 kg

No 5 How West Estonia
can establish aguaponic
cultivation;

+ juvenile seedling station
of mussel-and
macroalgae representa

key rolein acting as

seedlings

No 6 Carefully
consider good harvest
techniques for both
algae and mussel

No 7 Define
processing - and final
product - economic
study for the
aquaponic products

4

FigurelO. Risk elements

These risk elements must carefully be evaluated.

Key waste reduction findings this report

C Executive Summary - Potential Aquaponic impact

| Potential Aquaponic impact J

A HIGH PROPORTION OF
THE DISSOVLED
MITROGEN AND
PHOSPHORUS 15

SHOWING AN OUTFLUX

ROUTE OUT OF THE
BALTIC SEA

LATEST BALTIC FISH
FEED SHOWS

SUSPENDED ORGANIC
WASTE PARTICLES
FROM THE FISH
PRODUCTION DOES
MOT ENTER THE
BALTIC SEA

If the Feasibility
study’s observations

are within reach +- %
REDUCED FLUXES==

POSSIBILITY FOR
OPEN NET FARMING

+ Including some
adjustment on how
the aguaponic

integrations shall be e Water Actthresholds
sorted out ater resholds per is reduced by:
1,0 kg fish produced is 's reduced by;
It may representa reduced by 11% (M)
game changer for the ) + 27T% (P)
West Estonia region * 60% (N)
. 90% (P) V

4

For Agquaponic
w inteqgration

Figurell. Aquaponic anchone aquaponic flux reductions

Comments

a) Itis important that the suggested aquaponic physical integrations suggested here are carefully
integrated in a manner where nutrients and orgamastes are coresved

b) Thatthe mussel and macroalgae are given good growth conditions

c) That little macroalgae and mussel are lost to the environment

d) That waste from the mussel filtering activity is also physically pumped a.shore

page 13 of 98



Our recommended O DO listor WEM

C Executive Summary — TO DO LIST

Define yearly fluxes per zone/site and promote WestEstonia potential localy and arrange
international seminar

Prepare fact- Invite strategical
based Fact based stakeholders; .
documents document of Nlustrate what international fish fan Intemational Spmjrg
e current coast the future . anc -
T zone circular could be Secondary processir wind energy West Estonian
Water activity industry, fish fee_d_. fi E Municipalities as
"“a'm health, technical F stakeholders

manufacturer

AN

Clearly statethat thisisa pilot
stage- issuefarming licensesfor a
test period of 5 years. Allowfor
adjustments ifrequired.

First moverswill always have some benefits and willalso have to sort out challenges- if youare not doing
anything- nothingwill happen

Figurel2. TO DO list

Some details to circular economy

C Executive summery - Circular economy example Open nets
20 000 MT fish production Open nets per year

This farming volum would require the follow staffof direct and indirect related to
( 270 jobs

+ fizh farming
* education and other services (fish health, water chemistry, logistic, harvest, processing, maintenance)

* the table below shows how Open nets farming without integration of aguaponic zet up may look like.

Open net platform - Potential fish farming production and other sector services for West Estonia
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C Executive summery - Circular economy landbased and floating
bags and aquaponic
20 000 MT fish production landbased and floating bags with aquaponic integration per year

Here including aguaponic cutivation staff, aguapenic harvest g
Aguapenic jobs is just an estimate [ 250 + 175 jobs ]

R =l —ard
& X

[ree—, ¥ ' - T = | i 1 i m P s

Fasegtep | 1 [}

Floating bags and land based fish tanks - Potential fish farming production, aquaponic integration and other sector services for West Estonia
it et

- el
S — o i eming harersiad e
RS i p—

e i ek gt i s, mactacid  Frassy  melisd dyesbemand pcis g Pl dapa
et [

[ eap St S [ S —
fl = | i (1 ]
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Figurel3. Detail circular economy observatians

3. Status Baltic Seastatus

Any initiatives of modern fish farming activity, also for West Estonia, will result in waste products that
normally will representflux of organic waste and dissolved nutrients to the free water column
(Nitrogen and Phosphorus). This is highly relevant for the Baltic Sea asasisel by

being a very large marine sea area

having limited seawater exchange in the Kattegat area whevemore saline water can enter
the Baltic Sea where at the same time pushes older sea out to the North Sea

such water exchanges take place very seldom

the whole Baltic Sea dareceive waste and nutrient fluxes mainly form forastd agriculture
activites for many year, wastes from modern lamésed industry activity and from human
population causes all an increase in nutrient fluxes

this have been the situation for many year=>

this has resulted in an increased eutrophication; resulting in excess algaghgrexcess
oxygendemand limited marine life in the deeper sea

this situation resulsalso in a pressure on the marine resources in general

for a modern aquaculture perspective this has resulted in that the whole Baltic Sea is laid
behind compared to thenormous growthwhich has and itaken place in the salmonid fish
production in i.e. Norway and Scotland the last 40 years

apart from this description the Baltic sea water masses from surface and dov80-t) m is
well suited for marine exploiting

on land structures for farming activity with high quality waste treatment techniques is hardly
present in the region

as in most coastal and offshore regiengeather conditions as wave and current and sporadic
drifting ice in the northern part of Baltea dorepresents physical risk to marine constructions

Illustrations of the mailirectives and agreement for the Baltic Sea;
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D Observations Environmental EU rules and cross-country Baltic
regulation

Observation; regulation and political challenges

Pressurestoincrease aquaculture production signficantlyin the
Baltic Sea pose a significant environmental problem: many coastal
waters mostfavorable to aquaculture are in ecologically poor or
moderate condition, and the mostused open-netrearing units cannot
escape significant nutrientdischargestothe sea[8.9).

Al present, the EU Water Framework Directive (WFD, Similarly, the Marine Strategy
2000/60/EC) sets a binding legal obligation for the Framework Directive (MSFD,
member states notto authorize projects thatmay 2008/56/EC)aims atGood
deteriorate the ecological status of coastal waters or Environmental Status of marine
jeopardise the achievement of Good Water Status in waters beyondthe one nautical mile
waters upto 1 nautical mile fromthe baseline as setby mark

the UN Law of the Sea Convention,

=

Inthe aggregate, these ecological goalspresent
significantlegal challengesforincreasing nutrientloads in
the EU member states aroundthe BalticSea generally

Figurel4. Regulation and Water Directives Baltic Sea

These elements have resulted in a situation where the Baltic regiorestatlished cross country
agreemens and understandingto conserve and to protect the Baltic Sea. There is agreement among
the countries according to the EU Framework Directive and other rules that have guidelines to be
followed prior any approval of any newmctivity that may disturb the environmental conditions in
negative directions.

Some countrieslo practicethis in slightly different manners, and for aquaculture farming terms there
are also diverting terms and conditions. There is also conflict of istdéfé.e. an aquaculture activity

can be further exploited, or new techniques can be introduced, and how waste flux quotas can be
organized.

In some region there is a conflict of interest among the agriculture and aquaculture sectors i.e.
Denmark.

A situation in Denmark as of today must be avoided;

9 the open net trout farmers in Denmark has also shovaoasolidation
9 today there is approx. 4x farming companies
1 inDenmarkalso frontirg theBalticSeathere have been discussiorslated to farming permits,
possibility to use new better locations
1 permits in Denmark is in principle based upon 2 elements
0 adischarge volume of x kyandx kg P per site
0 some location has alsmannual feed quota agart of the permits
0 not all farming locations has all 13 listed permits types
0 most production of large rainbow trout in Denmark is very different from other
regions; they release larganolt to sea early spng, i.e.800 gram, and harvest then as
3-3,5 kg in November, then leave the sites without any production at all, a large
proportion of the biomass is actuallaimed in the end as aturing fish whee the
target is to produce eggs for caviar sales
0 in this way a waste tated to 0-800 gram takes place on langesultingin that the
annual waste fluxe per individual sesitesis“undisturbed in this period which allows
the farmers to asimilaradditional sea Bsed waste volume
0 a seabed area parit
o0 when these 2 permits is approved then a Danish fishfarmer can start production
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0 during the last 7 years these permits have beemlemdifferent publicinstitutional
responsibility, and have beananaged in a way whe new applicationhavenot yet
been verified, farmers are waiting for final conclusions, none new shase been
granted

0 secondandmore severeall previous granted permiretoday in &limbo” situation,
they are all to be verified under {days situation

o their outcome for final resultis unknown and makes the fie as a fish farmer very
unpredictableand unstalde

o0 this is NOT saying that open net farming in Denmark is stopped nor banmefust a re
settling and aonsolidatiorfrom the auhorities on low to judge waste fluxespermits for
the comingperiod

0 some arge that fishfarmersshouldmove on land but

WEM shalld crede up to-day contact with aquaculture authorities in Norway, DenmarkigRthand
Sweden to make observations, learnsafccessand failure so that a new growing industry in West
Estonia is framed under reliable conditions and terms, creating clear oletetims andconditions
and with minimum of surpses for priate farming companies

4. The main tasks behind this Report

Below is illustrations of the main tasks contributed by theithors followed by list of 11x focus area
that do structure a frame of this report:

One of the main scop®f this Report is to introducfish farmingconceptg(sea based anthnd-based
units) that allows stakeholders to create efdend biomass productio in West EstoniaNewpermits
with new techniqueanay result thatcompaniesmay have a good steady biomass permit which is
important for the economical performances

We predict that without such an understanding there will be impossible for West Estodiather
regions to meet future Water Directive requirements.

To establish fact-basedneutral report the authors have individual key insight into

e fish farming in general, fish feed and nutrition

e marine ecology-the growth potentialof algd and mussk
In-depth knowledgeon the Baltic Sea where Jonne Kotta and Georg Martin lparéormed
various aquaponic studies in the region and have furtingalyseadhis evidence in theeport
as well asapplied the scenariofish farming biomass and its waste wheeguaponic
integrations areanalysed

We aim to presentact-basedperformances and we predict that our conclusions are reflecting the
potential of fish biomass, net flux of waste to the West Estonia zone. However as with all biological
modelling we have awsidered the following conditions

Fish farmingbackground

e The farming platforms (floating bags and-tamd fish tanks) aravoiding thatany excess fish
feed from ther enclosedwvater columndo enter the environmenas opposd to the traditional
open ne platforms where this is physical impossible

e Asthe platformsrepresent a controlled physical barrjéne risk of having fish feed in the water
column without being captured by the fish populatioralsoreduced to minimum

e The basic mortality of flsfarmed in Open net cages is somewhat higher than what is observed
from floating bag$ tanks on land

Mussel aquaponic
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e In-depth understanding ofhe West Estonia conditions for natural growtfiltering potential
or cultivation of mussel

e Localy tested growth model is used in this report to show the potential impact of mussel
integration where the mussel received a much higher supply 24/7 of organic suspended
particles from the fish holding unitsompared to the availability of natural suspended
particles.

Macroalgae aquaponic

1 In-depth understanding and field experimental data from West Estonia is used where local
macroalgae is held in enclosed large floating algae bagsawitiuchhigh concentrations of
dissolved nutrienbenchmarkhanthe macroalgadJlva intestinalisvas growing natural in the
zone

Below is our task contributions

B The authors and contribution — Fish farming

Knut Senstad, projectleader, was rewardedthe Tender and has conducted the study in co-operation with
marine ecology professorsJonne Kotta and Georg Martin fromthe University of Tartu.

Knut has carried out the feasibility study for fishfarming production where

- - . Total gross 5
Fish farmingz m&mnr:;i Fa_rmrg and het - Action
Biomasj & e with and waste fluxes | @inBOW - Cireylar | plan for Risk
. - Econg West elements
170 and farming |~ Without with Baltic el my Fxiomia
generations  concepts aguaponic feed
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B The authors and contribution - Mussel aquaponic

Jonne Kotta has carried out;

B

B The authors and contribution - Macroalgae aquaponic

Georg Martin has undertaken similarworktasks as J. Kotta, where he has:

R

Figure 15Analyses tasks.

Based upon the Scope and the Report content we have focused upon 11x main areas
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D Observations Feasibility study targets
11x STEPS APPROCH

These environmental- and political- constrains == exploiting the coastal zone of West Estonia may lookvery
difficult orimpossible;

Fish farming doincrease the nutrientflux to Baltic Sea -yes

How can we reduce these fluxes?

IO 1 - Usethe latestmodern Balticfish feed- define new flux quantities

MO 2 Establish RAS on land-very expensive (75 ME for 5 000 tons farm) but can
be done

MO 3 Look for other land-based fish platformsthatis less Capex demanding
How are these?, Who operate them? How functional are they? Canthey reduce the
waste fluxes?

enclosed bags - Which one? Where-to? What farming results? What advantages? What flux
impact?

MO 4 Look for traditional Open nets and new Offishore-based Fishfarming platforms. Flnatlng>

D Observations Feasibility study target
Cont. - 11xSTEPS APPROACH

These environmental and political constrains == exploiting the coastal zone of West Estonia may lookvery
difficult or impossible;

MO 5 How canWest Estonia aquaponicintegrations furtherreduce fluxes?
If yes- what mustbe organized?

MO 6 What arethe net new fluxes?

MO 7 Action point, Way forward- public stakeholders
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D Observations Feasibility study target

Cont. - 11 STEPS APPROACH

Another important elementthatwe have considered;

MO & Selected new farming conceptthat is Capex friendly
wherewaste produced can be collected

[0 9 Motivate publicand private stakeholders totake decision

IO A0 Nustrated the aquaponicintegrations - state of the art - raise the Mordic
knowledge bar, if success may bevery impaortantforWest Estonia== education,
services, international brand {organic salmonid production’ sustainability/ fish welfare
I environmental protection/ marketing)

O 11 Showingillustration of circular economy impact West Estonia

Figurel6. Thellx maintask elements.

Below isa short illustration of the trends related to Western aquaculture sector activity

D Observations Trends in the Western aquaculture sector

| The modern aguaculture is showing a tremendous growth worldwide, certainly in the Mordicregion- |

Fishfarmers in Denmark, Sweden, Finland face problems (25-30 000 tons rainbow trout), Estonia =1- 2 000

tons ]
|

Yery little aquaculture capexin the Baltic region

licenseis 17 M€ or 15 EUR/kg production capacity per year (over 30 years this entry costis 0,5 EUR/kg live

Status Morway: limited new licenses - no growth — production costincrease. Costofa normal 1 200tons
weight)

Yery highinvestments in Morway, Scotland, Canada East, lceland — billions EURfyear ]

sea-based expansion, sealice problems, and awishto be closerto the end market(+ 2 000 000tons extra
biomass)

Expansion plans for RAS (land based growing Atlantic salmaon) Europe, Asia, America == because oflimited ‘

Figure 17. Western aquaculture sector

The llustrated opportunity for West Estonia with modern fish afrmingproduction
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D Observations - Aquaculture possibilities in West Estonia

If the West Estonia coastal zone can be exploited this represent good opportunities;
a) Locatedin Europe, there are modern smoltfacilities alreadyin the region

b) There is nothing wrong with the seawaterin WestEstonia otherthan the seais eutrophicated, has low
salinity and water -40m is stagnant and lack oxygen

c) Mordicculture, EU is probablyworld largest producer of portiontrout = 1 kg
d) Eggs, fishfeed, technical assets andfarming knowledge is outside your door
e) WestEstoniais inthe middle ofthe EL) market, medium labor cost and shortlogistic routes

f) Production cost of rainbowtrout similar to Morway and there is none costly license entry - unigue!

a) The worldwide center of secondary processing industry is outside your door (Poland)

Figurel8. Aquaculture possibility in Wessi®nia

5 West Estonia exploiting the marine resources

A short illustration of the various marine activity in the region

C Executive Summery Fishing and aquaculture today Estonia

Observation; many «small» companies that support the whole
value chain

They should be well equiped to handle a much larger biomass,
- products and seconadry processing lines

82 566 tonnes live weight (2017)

1590 fishing vessels (2017) ~ The value chain is fully in place- but need more local

3 fisheries: Distant waters, Baltic produced marine raw materlal
sea & inland waters

870 tonnes live weight (2017) Export: €146 million (2017)
58 commercial companies (2017) Top destinations: UA, BY

Freshwater farming only S hrs
Main species: Rainbow trout (81%) lmport. €]"29 million (2017)
. Top suppliers: Fl, SE

68 companies (2016)
Main products: Canned fish,
crustaceans & molluscs

17.2 kg/per capita (2015) —
Most popular: Salmon, trout,
Atlantic and Baltic herring and sprat

Figure 19Coastal circular economy Estonia 2017.
Comments;

There are many small compias, a large activity is related to wildF catches and its processing added
value activities. Direct finfish aquaculture is very small. Estonia do import a lot of fish produnts f
Sweden and Finland.
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However the region seems to have all the possibility for escalatiopou have most of the
infrastructure in place it is very much related to volume increase. Rainbow trout is one of the most
popular fish products.

6 Aguaponic Integration principles

The Report is structured arourabjuaponic platformswhere modern finfish production results in
marine protein, rainbow trout, as human food and this activity is further linked to both macroalgae
and shellfish trophic levels. By combining the finfish production with algae/shellfish the nutrients and
wastesfrom the fish productiorareactively assimidlted by cultured stocks of alga@nd is captured by
filtering shellfish held in structures where their growth is monitored and controlled prior harvest.

C Executive summery- Aquaponic integration

* |s also oftenlabeled as
IMTA- integrated Multi-
TrophicAquaculture Integrated Multi-T

+ Shellfish is filtering and Fed Aquaculive
capture the particulate (Finfish)
materials andis bounding
carbonto its shell

* Macroalgae is assimilating
the inorganicsuspended
nutrients andthe carbon
dioxide from the fishfarm

+ Some organic particles are
sedimented notwithin
reach of the mussel

Deposit Extractive
Aguaculture (invertebrates)

Figure20 lllustration of aguaponic integration

This may result in algaand shellfishproductssuited as animal feed, human food, sludge and organic
wastes from the fish farms can be dewatered and act as fertilizer for the agriculture sector, other
cosmetic products andhay also act as an energy resource or nutrient source for black soldier flies.
Blending waste from both the pelagic fishing sector, fish farming, land animal meat production and
other carbohydrate sources could be directed to-gis production.

A mechanical water filtration from the enclosed fish biomass may result in approx.rs8 dmaweight
(DW) per kg fish produce@nnual volume may reach @00 tonnes DW or 1000 tonnes if water
content is 90%.

Aguaponic principles

By creating such integratiomhere organic waste and nutrients which normaireleased as outflux

to the envionment will be circulated. These wastes are the result that the fish do digest fish feed, and
this result in an assimilation of lipid, protein to the growing fish, whereas faecesdissdlved
compounds excreted by the fish do enter the surrounding watdumn

By having a planned production scheme, the harvesting of algae and shellfiskiresulflux of these
capturedwastesfrom the sa.

This may drastically reduce the normal understood impact of modern fish farming activity, where we
have selectd farming technical platforms that actually allow for maximum outflux of these waste
fluxes. By also selecting the best algae and shellfish candidate present in the West Estoniawegion
will illustrate new observations of aquaponic net fluxes that nesdIto a new decision platform for
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the West EstoniaWhereprivate stakeholdersvith public assistance can creadenew positie eco
friendly utilizatonof t he potenti al resources “hidden” in th

Such an integrated circular setigillustrated for the West Estonia region and our observations are
further listedas element for an Action plan for West Estonia Government.

7 West Estonia Water Aetrish feed development

A Water Act- regulating the flux of NNitrogen) and P(Phosphous) is highly relevant if one is
considering the potential of modern fish farming in the region. Thisrésisltedto the development

of Baltic feed diets that do scope with such Water Act term fI$h feedindustry in Sweden
Denmark, Finland and Polais constant looking for new improvements and the latest commercial diet
for rainbow trout production is incorporated into this repofihe aim is that trout farmers in the region
should meet the nutrient requirement frora health growindish populationand & the same time
meet the nutrient flux terms.

Theillustrated Water Act for West Estonia 2020

C Executive summery => Water Act West Estonia 2020

Water Act Estonia

Total Nitrogen 50
gram/1kg fish Total Nitrogen and Phosphorous is;
bound to particles at the sediment or
suspended in the water
+
dissolved in the water column

Total Phosphorous 7
gram/1 kg fish

Figure2l. Water Act West Estonia.

8 Modern Baltic fish feedwaste position

However the latest modern Baltic trout diet, status 2021, allows for adoWitrogen and Phosphorous
than what is the maximum threshold values per kg fish prodstenivh above

lllustration of the Ntrogen andPhosphorusssimilation to rainbovtrout, figuresare % nutrientbound
to the fish fleshasa weightproportion of thelive weght of the fish
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D Observations — Fish feed digestion and waste
Uniform assimilation content in rainbow trout

BALTICFEED 2021 N .

A )"

BALTIC FEED 2021 - total flux per 1Kkg fish produced [Fluxtowatercolumn N
Dissolved nutrient
OPEN NETS; total flux N 44,4 gram _
SurplusnoneeatenFEED N . Tl
TANKS /FLOATING BAGS; total fiux N376gram  [EEOEIETN Fluxasboundtp
faeces/slugde

Figure22. Assinilation of nutrient to the fish wet weight.
Fish feed Baltic 2021

A modern Baltic fish feed may have the following nutrition building composition;

3 Aquaponic integrations; N, P fluxes and sludge quantity perkg fish
produced- Baltic fish diet- Split of waste bound to organic particles and
as nutrients dissolved in the water column
Din thpat caindeiion for 'ﬁ

v auc
<r;u-mm nﬂ [ ?10‘

ars o

- - "

TANKS AND BAGS OFEN NETS

[Feedcommrien |Feexd comemption KG: 121,50

|Feed comaumption kG 11000 :p.-“a. oorrsmption in K4 DAt 1T}

[Pl cmqssmmprtion i G DA Lonan |Prezsfuscid ehadip n KX D Ly sg
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Figure 31An illustration of one of the latest Baltic fish fike

Explanations;

1 There is different volume of stige to the environment considering Open nets and two other
enclosed platforms. There is also different quantity and also the % split of nutrient bound to
particles and dissolved to the water column

1 The onlydifference we have setup is that feed conversion rgg@€Rfor Open nets is set at
1.215 and for enclosed platforms FCR is set HdQ

9 Other fish feed compositions have different performances
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9 Waste fluxes with and without aquaponic integration

lllustratedland based and floating platform

C Executive summery- Fluxes from Baltic fish feed 2021 -Floating fish
bags / fish tanks on land

NITROGEN
TERMS [ Water Act 2020 50,0 gram
FEED 2021 [ Modern fish feed 2021 37,6 gram
Reduction fromWater Act
25 %
PHOSPHOROUS
TERMS [ Water Act 2020 7.0 gram
FEED 2021 [ Modern fish feed 2021 4.0 gram

[ Reduction framwater Act |

Figure23. Land based and floating bags concept fluxes.

With the said reduced / avoided overfeeding asilightly higher survival the twa? - technical enclosed
platforms (tanks odand and floating bags) akey represent an improved position related to fluxes
25% lower for N and 43% reduction of Phosphor@meseHgure 23. Our baeline is here illustrated as
if 1.10 kg fish feed is required to produce kg fishThese %educed fluxesould allow farmerso
produce similar increased % of biomass compared to traditiomén netconcept However as of
todaythese platforms are not in use in the Baltic Sea for larger rainbow trout.

For Open net platform we have

Feed status 2021 is showing Nitrogen fluxesld® and for Phosphorous flux reduction of 27%
benchmark with the Water Act guideline. Here we are considering ti2dt g fish feed is required to
produce 1 kg fish live weight.
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C Executive summery- Fluxes from Baltic fish feed 2021- Open net

farming
NITROGEN
TERMS [ Water Act 2020 50,0 gram
FEED 2021 [ Modern fish feed 2021 44 4 gram
| Reduction fromWater Act
more than
E 11% % E
PHOSPHOROUS
TERMS [ Water Act 2020 7.0 gram
FEED 2021 [ Modern fish feed 2021 5.1 gram

| Reduction fromWater Act |

More than
27%

Figure24. lllustrations of waste fluxes for Open net concept.

Details ofthe waste and dissolved nutrient mass balarfor land-basedfish tanks and floating bag
concept

The figure below shows the split of waste as dissolved and bounded fraction for both Nitrogen and
Phosphorus

D Observations - Total aquaponic integration with floating fish bag and
fish tanks on land

Floating bag or tanks on land farming total flux gram per kg fish produced
Nitrogen Fh ‘Drganic wasts
Tatal flux gram Tatal flux gram
per kg fish D'W per kg fish
Lrategy impact d d dissotved bound to slugde Total dissolved bound to slugde,  produced
water ACt West Wiest Estonas S0.00 7,00
Fizh feed 2001
Bags/ tanks on land
before filteringer 37,60 33,70 3,90 400 1,60 2,40 96,00
Adver mechanical filratsan 35,50 33,70 1,76 2,68 1,60 1,08 43310
iFter Aguaponic mussel integration 33,70 33,70 Tero 1,60 1,60 EL] L)
After Aguaponic macroalgse integration 20,22 2022 | P I 0,80 I 080 I RO | TRIG
After total Aguagonic INTEEraticn 20,22 2033 | 2ETD I 0,80 I 0,80 I F L] | FIT]

Total Nitrogen can probably be reduced to 20 gram per kg fish produced- is a 60% reduction of the Water Act
Total Phosphorus can probably be reduced to 0,8 gram per kg fish produced- is 89% reduction ofthe Water Act
wfillw organic suspended particles can be captured by the shellfish

Figure25. Detail fluxes for enclosed farmimdgtforms.

Short explanation

1 Thetotal Nitrogenflux is for bags andish tanks that there is approx. 90% dissolved into the
water column and 10% bound toagticles. This indicates that mechanical &tton and or
mussel captuz filtration can act ashe major source for reduction of N fluxes.
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1 For P there is approx. 40%/60% splfiiltration (mechanical or by mussel) may here have a

| ower i mpact
1 There is approx. 100 granDW sludie formed for every 1.0 kg rainbow troutfrom these

compar.e

t o

N “fi

t

enclosed farming setup NB this slude is higher for Open net farming

= —a =

produced

lllustration forthe open nets platform

After mussel inégration there is zero organic wassto sea
After mussel integration N fluxes is reddde approx. 34 gramand P to 1,6 gras
After macoalgae integraion N can reach level o0 grans and P 8 grans per kg fish

ration”

D Observations - Macroalgae + mussel Offshore cultivation total waste
flux from Open net farming
Open net farming total flux gram per kg fish produced

Hitrogen Phosphorous Organic waste
Total flux gram Total flux gram
per kg fish DW per kg fish
Strategy impact produced dissalved | bound to slugds Total dissolved bound 1o slugds|  produced
weaber Act West West Estonia 50,00 700
Fish feed 2021
Open nets none
filteringer 4,40 a0,10 4,30 510 270 2,40
adter mechanical filtration 44,40 40,10 4,30 5.0 2.7 250

Deadn culthvation muiiel

TED

TED

TBD

TBD

Oeean cultivation macroalgas

TED

TED

TBD

T80 |

TBD

g (8] B B |8

After total Ocsan cultivation

TED

TED

TBD

T80 |

TBD

Total Nitrogenwill reach less than 44 gram perkg fish produced [11% reduction of Water Act), isdepended uponwhich Offshore

cultivationzones to beselected.

Total Phosphorus will reach lessthan5, 1gram [27% of Water Act) per kg fish produced- is depended uponwhich Cffshore
cultivationzones to be selected. Organic suspended particles can be captured by Offshore cultivation armngements of shelffish-

TED.

Figure26. Fluxes for Open net farming

Short explanation

1 Therefoe,the net fluxes of N and P is approx. 44 gsand 51 grans.
1 Therefoe, the total organic particles flux is 96 gra@W per 100 kg fish produced

10 Fish farming planning

Our base line production parameterdisted below.
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2 Production planning fish farming
Landbased tanks Fﬁ“‘
Characteristics;
Feed conversion ratio 1,21 1,10 1,10
Mortality 10% 5% 5%
Generation time (3,5kg) 62 weeks 58 weeks 58 weeks
Kg yield per smolt 318 kg 3,35kg 3,35 kg

Figure27. Feed usage, survival, generation time
Comments

1 These feed conversion ratios showingvwih much fish feed is required to produce 1 kg live fish
weight shows that approx. +10% higher feed volume is spent on Open net farming compared
to more controlled enclosed setup as fish tanksland or floating fish bags

This results in an extra nutriefitx to the environment

The otherelementsisthat in this Reportve have estimatedhat Open nets will have twice as
high mortality compared to the othemore controlledplatforms (10% vs 5%) this also
represensan additional nutrient fluxes as thisst biomass also have digested and combusted
an extrafeed volumeby thisadditionaldead biomassvith a result of some quantity of N and

P as faecésludge and also as dissolved nutrients to the water column

1 All these factorssincorporated into the Rgort.

= =

These elementss also illustrated below:

3 Aquaponic integration - Avoiding feed loss to the open sea, reduce
extra digestion by increase ofthe survival

Open nets - Extra + 10% feed == more nutrients ard

releasedtothe sea

Feed , increased organicwaste (M +P) inthe free water
conversion coiumn
ratio

Land-based tanks and bags Bags and tanks
- does not have this situation on land are win-

win candidates
for Baltic Sea

Open nets - Extra + 5% higherlosses- causesthis extra
Mortality biomassto also increase the flux of organic ws
increases the M and P to the water column

Land-based tanks and bags
- does not have this situation

Figure28. Surplus waste fluxed by Open net farming
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2 Production planning fish farming

The potential of fishfarming production in West Estonia is very promissing, however as with other regions one
must consider the pro and con for such activity and also pay attention to potential risk factors:

As for any Open net strategy

« we predict a farming time of approx. 62 weeks for each fish group released
» where the live swimming weight is 3,5 kg

+ with 10% accumulated loss

« the winter temperature will restrict the entry of smolts year round

» Natural smolt entry to seais 1 April- 1 Oct- this will expand the whole generation period by 7 months- total
generation period is close to 21 months

» A3 months fallow period could result that re-stocking takes place every 75 weeks per site

Figure29. Generation time accumulated loss, harvest weight.

2 Production planning fish farming

Rainbow trout is harvested after 58 weeks for landbased and bags and 62 weeks for Open net technigue

Growth trout West Estonia 100 gram date 01May

htgram

weig

Live body

Figure30. Growth performance Open nets versus Floating bags/tanks on land

Current fih farming activity in Baltic Sea

The situation among fish farmers, especially the one operated in Den®adden and Finland, with
Open net technique, is that their permits are under pressure and the total farmed volume of approx.
35 000 MT trout is considated among a few players. It is also a fact that somematice Ocean
cultivation of blue mussel (Sweden, Denmark, Finland)idour knowledgebasicaly none have yet
strategically changed their Open net technologifernative farming platforms a illustratedin this

report to secure dongterm predictable farming activity where public officials easy can monitor and
take active part of new farming techniques which are special designed and adapted to the listed
eutrophicationconditions of the Bak Sea.

The bundationfor such a circular utilization of marine resources is looked upon where an alternative
modern setup of salmonid production in the region is the baseline. This report is not specific focusing
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on modern RAS facilities, Recirculatidguaculture System, as they are very cqodtighnicaland we
consider that an entry of other modern fish farmiatjernativesis better suited. However there is a
fact that thehighttech RAS | and RASsetup may also reduce the waste fluxes at a hidgénzl than
the straightforward mechanical water filtration set up in this report.

11 Rsh farming platforns covered in this report

Open net farm general information

All nutrients and waste from th®pen net farming setup denter the water column

a) However, with modern fish feed these fluxes are reduced

b) The Open net platfornis the dominant strategworldwide for salmonid production
c) ltis very effective

d) Represent a low capex entry cost

e) The faming technique and protocols is highly improved over manysy

f) Requires hardly anand-basedsetup except for harvest and processing

g) Is avery low area demanding platform with a fantastic high productivity

C Executive summery - Open net farming

Source Mowi ASA Industry handbook 2020

—~—

Figure32. lllustration; Open net farm

0 The overall salmon production dominated by Norway, Scotlahie @rd North America is by
use of Open net technology which is characterized by

(0]

(0]
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Alow cost setup

Very functional and easy to operate, but it is also a very low utilization of the aquaponic
potential. All wastes and nutrients are entering the open séere they are heavily
diluted.

It is difficult to collect the largsuspendedoarticle fraction from the open nets. The
excess waste from the fish production will settle to the seabed and will increase the
eutrophication and drive the oxygen combustinginegative direction

However, any increased amount of land animal meat production will also result in
extra fluxes both from the agriculture sector by producing the animal feed itself
(fertilizer, transport), and by the animal digestion of the feed



lllustration of the life cycle of rainbow trout

C Executive summery - Life cycle and farming practices rainbow
trout

1. Broodstock- egg
2.Smolt

3. Transfer to cages
4. Growth

5. Slaughtering

6. Processing

10-16 months

12-24 months

Source Mowi ASA Industry handbook 2020

Figure33. Life cycle rainbow trout

C Executive summery — “Optimum” temperature for rainbow trout

8.3 Influence of seawater temperature

West Estonia
)

Figure34. Temperature profile West Estonia

Commentsthe temperature profile in winter time may be lower tharb3legrees, and in summer time
under very good weathezonditions the surface layer may reach higher profile than the illustrated 16
degrees. Swedish/Finnish trout farmer in the Northern Baltic regions have farmed trout for approx. 40
years, also in freshwater lakes. In Southern Norway trout is also farmeddog periodthere exists
farming protocols that is well adapted to the conditions of West Estonia.

Drifting ice in the springtime and severe bad weather at exposed sites will cause precaution.

Floating fish bag techniqu&llustration
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lllustrationbelow, FHgure 35, isfrom one the 4x differenenclosed systemsommerciallyavailable in
Norway; manufacturewww.Ecomerden.no

The drawings illustrated the arrangement of the floating surface collar ring wherbag is attached.
Inlet pipes, generator and pumping facilitiase integrated into the collar. This unit is of large size,
30000 n?with a diameter of 4Gn and a depth of 2én.

Smallerarrangements with smaller volunsizes special adapter for the sllaw exposed West Estonia
coastline must be considered. In our report we have scale the dimensions down to cover a bag unit of
6 200 nd, being 10 m deep and a diameter of 24 mettfe will lead the outcoming wastewater with

the organic materials andissol’ednutrient by an enclosed pipe loop to a mechanical filtration station.
Here a high proportion of the suspended patrticles is withdrawn from the outlet water, however the
dissolvedhutrients remain in the water passing through this mechanical filter.

Theremaining micro suspended particles will atsremairedin the outflux waterfrom the fish bags
and can act as mussel food. The dissolved nutrient will act as macroalgae food for its photosynthesis.

The vater volumeis not pumped but is pushed into tleuaponicunits resul ting in appr

energy requirement compared fand-basedfish farming.

DODECAGON

Figure35. lllustration of the bag concept

lllustration of the combination of one floating fish bags with traditional Open net platform Norway;
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Combination Open nets and floating fish bag Norway

Figure 36Floating fish bag in combination with traditional Open nets.

Comments

e One large seménclosed floating bag with salmon production in Norway is integrated with 5x
traditional open net cages
e These units maydid approx. 10@00—200000 Atlantc salmon each, at harvest their biomass
is 500 MT up to D00 MT per unit
e There are in total approx. 45x such enclosed floating bags in operation (24/7) in Norway today
e Some of them are smalleseeFgure 37 below, operated at R&D stations providingdls for
the industry, fish vaccine and for fish feed manufacturers
e In our feasibility study for West Estonia we have drastic reduced the number of fish per unit,
but is having a density afpprox.35 kg/n¥ enclosed volume at maximunresulting inapprox
a total biomass prior harvest of 2€B0 tonnes per unjtbag depth of 10n.

C Executive summery - Floating bag concept

o

™

I1lustration; Floating bags with dimension from 6 000m3 to 30 000 m3.Pumping cost is 1 kwh per 1 kg fish produced,
landbased is > 600%.
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Figure37. Various floating bags concepts

Land based fisharming

We have included large fish tanks-tamd to estimate the production, feed volume and waste fluxes
for locdion being approved witlsuch afarming concept.

The fish will digest and produce waste regardless of which tank farm they are képtiaver, our
study is large tanks.B3 m water height and diameter of 22 meter, 2 20§ each. With a density of
approx.35 kgtrout/m?, the productivity per fish tank is in the range of 90 tonnes live weight per year.
This biomass produced require thafish feedvolumeand will produce its wastes entering the outflux
water to the mechanical filter station prior enterinige sea In anenclosed aquaponic integratidghis

flux is entering mussel and/or macroalgae units

There is a vast number of fish tanks configuratiobsloware some illustrations

C Executive summery - Landbased fish farms

Conventicnaitank Conventiocnaltank

Raceway trout Denmark RAS-resirculation

Figure38. Various fish tanks on land

This report illustrates Rdifferent situations where fish production is having an aquaponic circular
structure. A third version is where ambient natural concentrations of nutrient and organic materials
present in the West coastal zone, without fish farming activity being integratedheassimilated by

an ocean cultivationsetup based upon a human controlled planting of algae seedling and mussel
seedling at dedicated areathis islabelledas Ocean harvest in this report.

The 3x methods are listed below;

For cetailed modelling of mgsel aquaponic see appendices.

1. Method AUseofa SYA Sy Of 2a SR Juhi® brithe \seh surfachidE Bhysical | 3 €
aquaponic units for cultivation of shellfish and macroalgae in an integrated .setup
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Floating enclosed aquaponic integration

Deadfish and feed Filtered off by-
waste filtered off, on- product from the
shore process, shellfish-faeces

dewatering, bio-gas /
agriculture

Figure39. Integration of fish tanks and aquapdc units

2. Method Bonshore farming withraditional fish tankswith integration of aquaponic units for
cultivation of shellfish and macroalgae in an integrated setup

Combination landbased fishfarm and floating enclosed aquaponic integration

Deadfish and feed waste filtered off, on-shore Filtered off by-product from the shelfish on
process, dewatenng, bio-gas / agricuiture zhore

Macroalgae

Figure40. Land based fish tanks with floating aquaponic units
Method B Land basedish farm with aquaponic structure

1 Here the waste frontand-basedfish tankds passing through integrated floating enclosed bags
for macroalgae and mussel production

1 The bulk of the fish waste can be filtered off by use of mechanical filters prior egttéhe
aguaponic arrangements

Method COcean cultivationof algae and shellfishot includingfish farmingactivity.
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1 Macroalgafarmsare assimilatingmbient nutrients andnussel farms are filtering out natural
particles (mostly phytoplankton) and henoatrients.

C Executive summery — illustration of Ocean cultivation without
integration to fishfarms & Seedling stations

Oceanfarming shellfish and macroalgae
Land
Sea
Shellfish aturatambientorganic Macroalgae
materials inthe coastal 20newaste Assimilation of natural ambient dissolved nitrogen +
phosphor and CO2

Figure4l. lllugration ofthe cultivation ancharvest of shellfish and algae.

For the aguaponic integration with both algaedamussel one need a starting cultivation of mussel

9 This is aranged by using traditional open cultivation technés in the near shore zone early
in the spring(late May— early June)where free-swimming juvenile mussks, veliger,are
attached to tawler nets and other nylon aangements

Often handing in vertical rope struates from he surfae.

After settling the mussel will grow ad at the age of 9 months old they are having a filtering
capecity which is well suited for capturing suspended waste particisile floating mussel
bags close to the lanibased or flating fish units

= =

12 Integration of shellfish to ourfish units

Theseasonafiltering potential of mussel in West Estonia
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D Observations — illustration of Mussel growing season
Mussel capturing capability

Medium filtering Very High Medium filtering
capacity Filtering capacity capacity

lan Febr March Apr May June July Aug Sept Oct Mov Dec

Medium

I Ve high

Figure42. Seasonal variability in the filtering performancerafsses.

D Observations — Life cycle mussel

Why Blue mussel - Mytilus edulis?

09
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Relationship between mussel length and Life cycle of blue mussel and its filtering on
weight in  Estonian marine  areas organic particles and phytoplankton.

(unpublished data).

Figure43. Life cycleof the Hue musseblnd their allometric relationships in the West Estonian area.
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D Observations — \West Estonia conditions for the cultivation of shellfish

| Conditions for shellfish growth

Why blue mussel?

«  Extremely efficient
filtering organism

Seedling in May-June

*  Cultivate small mussel
9 months prior being

Offshore cultivation
techniques

«  Offzhore cultivation
techniques —trawlernets

West Estonian
environmental
conditions for mussel
qgrowth is good

integratedto the fish
farm—tanks on land
andfloating bags

+ 2.5y life cycle + Integrate large floating

mussel bags (including
trawler nets)to floating
fish bags/tanks onland

7o

(to reach optimum
filtering size and

capacity)

+ Mo predation

V .

Control of the
environmental parameters
andthe flux of organic

waste

Figured44. The onditions for mussel growtin West Estonia.

D Observations — West Estonia conditions for cultivation of shellfish

Mantel blomuns yied ot rm
g por o rope
e

-

&

The growth potential of blue musselin Estonian waters

Figure45. Optimum coastal zone for mussel growtidicated with red and yellow colour.
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D Observations — Circular economy mussel modeling

| Aguaponic modeling mussel J

Harvest planning-

modeling —

«  Growthfiltering capacity g Floating bags | fish tanks creates

a steady mussel food flow 2447

aptimum quality or
alternative:

« concentration of suspended

particles . Productivity is approx. 24 tons live

weight per mussel bag peryear (48
tons per 2 years)for every 400 tons

live fish biomass

Mussel populationscan
easy stay for a longer
period

+« == capturing suspended
arganic paricles to avoid
nutrient emissionsto sea
rather than optimize the
mussel biomass

+ winter/summer

+ mortality, predation

4

+ Multiple choice

4

D Observations — Circular economy West Estonia - mussel

| Circular economy Mussel J
The starting point of Advantages Risk factors Circular economy

the aquaponic + avoid red tides _ _

integration starts with + diseases/predation +« Employment

a sea-based mussel + reducethe

-

seedling cultivation

bestlocation

Planningtime of
year- spring

cultivation

techniques

4

contaminations of
bio-accumulation

2447 food supply
willresultina
goodwinter
arowth

creates outfluxes
of carbon and may
eliminate total

arganicfluxes
=l

howto ensure that
the food paricles
are suspendedin
the water column

cultivation and
harvest technique
in the mussel bags

investigated

must be
4

+ hanvesting and
value-added
processing line-
not specified here

« 20000tonsfish
production may
equalto 1200
tons mussel
biomass

4

as a filter capturing organism

= Mussel may act as feedingredientfor both land animal andfor fish, as well as human food, or act just

Figure 46Circular econompf mussel aquaponic

Offshorecultivation of mussel
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D Observations — Sea cultivation mussel

TR T

| Sea cultivation Mussel J E -
1 =
- - -
g';ge’:;rt%d:g;ngé It?ue We assume thatthis % E )
i : is neither We have calculateda | & 23 40 43 a0
organicwaste parides reduced growth rate g Salinity 35%
i B -
from Open netfarming practical nor in wintertime but not A ;
economical feasible a dramaticdecrease i =
sed (to capture allfish . =
wen h er;onnous waste from a large + the guality yield i =
iimgiltl'“ 5? rtical Cipen net fish farm and size of the f_= g
hra jona 1';‘:" I:?_iilf we need agquaponic 2 = .
anging cuttivation approximately mussel can be * oo
ropesitrawler nets even larger = B
{several hundred of 100 — 200 km of 2 =
km) trawler nets for one _E E
V large fish farm of 4 B
500 tones per year V -

(4] ] i is 20
PN 8%

Figured7. Offshoee cultivationof musselto compensate traditional fish farm effluents.

C Executive summery - Aquaponic musseland organic waste position

Aquaponicmussel integrationto fish farming by use of landbasedtanks orthe floating bag concept, quantity of
units to establish neutral organicwaste flux position

Floating bagconcept Tanksonland
Dieifcph-prnd b ee3rr11Is=n 000000 2 pre=ssssrrge
e = S e —
I"x:‘:._, | BEREE Fsh (
s
e T g~} ;- =i Lo [ L . "
-f | R | shalfish ||| shelifsh | - " | shelfish | |
i '."x .__.; i I W _.'_.f i ¥ & i 1 !
k. W L '
—r [ T
—= ——

Figure48. lllustration ofthe setting upof shellfish aquaponic system
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C Executive summery — Integrated mussel cultivation with Open net farm
or traditional ocean cultivation

Dedicated near shore Ocean cultivation site || Near Open netfishfarm | |  Opennetfishfarm

Figure49. lllustration ofoffshorecultivation

13Integration of macroalgae to our fish units

The philsophy is very much similar as the integration of shellfisavever, there is a big differencm

applicability.

f

= =

As the alge arehaving a sasonal limited growth period every year caused by colder sea water
in lateautumn/ winter and absent of sunlightthe macroalgae will natally become weaker,

will degradeand be absentintil early spring

Then the new growth season start

This will also take placenside our floating algaebagswhich in the same period will not
assimilate the dissolved nutriesit

The result is that aquaponic alg setup in West Estonia and elsewhere will only have a positive
contribution as long ashere is enough sunlight and combthwith good concentrations of
nutrients in the free water column

This is illustrated
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C Executive summery — lllustration of Macroalgae growing season

Macroalgae seasonal growth pattern |

MNone
Aquaponic Very High None Aquaponic
assimilation Med. Agquaponic effect Med. assimilation

Jan Febr MarcApr May June July Aug Sept Oct Nov Dec

Limited sunlight and low temperature
Medium

e

Figure50. Macroalgae performance

Therefoe, we need early in the springopulationof algae thatis produced & aland basectulturing
stations. This will result in a fagtowth of early sprindpiomass of algaahichas quickly as msible
can contribute to activly assimilate the N and P from our fish holding units.

We do not need similar setup for the mussel as they are growing and is not showing such seasonal
biomassdegradationpattern.

lllustration of seedling statian

C Executive summery - Macroalgae Seedling process

Seedling production ; pre-made juvenile mussel and macroalgae population prior
the aguaponic capturing /growth phase

e eereeee Juvenile macroalge population needs to be cultivated prior the spring
Sesdling sigae [ season every year- act as seedlings;
e A dedicated landbased macroalgae station location onthe Islands

+ This could also be exploited by the use of the simialrfloating bags

Should be llandbased macroakgae seedling station-
temperaturecontrol and artificial light, supply to
multifish farms

Figure51. Culturing statiormacroalgae.
lllustration of lifecycle of the selectddlva intestinalis
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C Executive summery — Life cycle macro algae Ulva inst.

1. Reproduction n e
2. Bestcultivation technigues for aguaponic- [' "" \"".*
2un light' suspended inthe water column . ) r L + l )
Not attachedto substrate nor bentic — T . 7 5, |
3. Final product, chemical content, addedvalue, an \" Sponeptyte /
foodifeed chain, chemical, energy K .(
4. Circulareconomy Bamet Sy e

5. Alarge fish bag may produced 200 tonnes biomass per year, 10 bags may represent 2 000 tonnes
fish== preliminary observations is that we here can integrate approx. 5x algae bags- producing 5x 1
G20tonnes wet weightalgae peryear (9 000tonnes)- 400% morethanfish biomass

These estimates are based upon our assumptions as of today- and should be verified under
controlled cultivation

Figuresb2. Life cycleof Ulva intestinalis

Macroalgae integration toland-based fish tanks and by semi
enclosed floating bag

In a situation where théish farmis located as a tank constition on land or as senrginclosed floating
large bags/ unit and where they also have a physical/ mechanical filter attached to the outflux water,
this results that the amount of organic waste and nutrient flux will be filtered off and the net flux to

sea s

| argely reflucedri fgesempotthds” will be

source as biggas and or as a nutrient supplement to the agriculture sector.

These twdfish farmalternatives may also be arranged where none mechanical filtésiafached
then the amount of fish waste is increased. This repory focus upon a situation where the outflux

water is passing mechanical filtratiofhe report is not focusing upon other water treatment setup as

RAS | and RAS Il with denitrifioat and chemical settling techniqueas these elements is very
technical based and is not part of the scope of this aquaponic structured Report. Howestehigh
tech and more costly waste treatment may certainly represent positive contribution tauked and
will also show large flux reductions.

dewat

1 The interesting thing is that biofilter as a nutrient reduction medium is best setup where one

recirculateshe water- whereas some new techniques does not require such a sangking
alternatives for noe - RAS platforms.

Within this waste technology sector there is a waste new setup and we are familiar with brand new
techniques that may eliminate total N fluxes without investing in biofilter nor chemical settling-setup

and such new treatment may also lmegrated to fish tanks and floating individual bags for fish

production. We strongly encourage West Estonia authorities to pay attention to these develapment
and is is very worthwhile spending time and effort in this direction.

With an integration of mcroalgae and mussel capturing of organic waste particles we have a total

fluxes to the West Estonia zone faiows:
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C Executive summery- Aquaponic
tanks on land

NITROGEN
TERMS [ Water Act 2020 50,0 gram
FEED 2021 [ Modern fish feed 2021 37,6 gram
FILTRATION [ Filtration 35.5 gram
MUSSEL [ Mussel aquaponic 33.7 gram | Reduction from Water Act
MACROALGAE [ Macroalgae aquaponic 20,22 gram E 56 % g
PHOSPHOROUS
TERMS [ Water Act 2020 7.0 gram
FEED 2021 [Modern fish feed 2021 4.0 gram
FILTRATION [ Filtration 2 BBgram

MUSSEL

MACROALGAE

integration Floating

fish bags / fish

[ Mussel aquaponic 1.6 gram

| Macroalgae aguaponic 0.8 gram

| Reduction fromWater Act |

Figureb53. Net fluxes after complete aquaponic integration

Figure 53shows a potential where the total Nitrogen flux is reduced by a@&thtotal Phosphorous is
reduced by 89%. Thisquiresboth

e mechanical water filtration from the fish thanks/bags
e mussel aquaponic, followed by
e macroalgae aquaponic

As most of the nitrogen is dissolved as inorganic nutrient to the free water celilmmussel filtering
activity has minor flux reduction impact (see level frome3s> 337 granwkg fish produced).

The macroalgae show a potential where the flux reduction of Nitrogen per kg fish produced is reduced
from 337 gram to 222 gram after the musdesection. Similar for Phosphorous the flux is reduced
from approx. 16 gram to 08 gram.

The algae biomass produced 1 620 tonnes wet weight takes place a year where the fish biomass
produced by the adjacent 2x fish bags represent 400 tonnes live fisthtveig

Conclusion If these assumptions do represent realistic directions 20% this illustrates the
importance for West Estonia Government where alternative thresholds of fluxes and alternative fish
farming platforms should be considered.

Phosphorous ig®wing an opposite direction where large quiy is captured both by the mechanical
water filtration and by the mussdiltration. The selectedJlva intestinalisshows also a very high
assimilation capability of dissolvg@thosphorous.

It is worth mentionng here that all organic suspended particles eimegthese two aquaponic setups
both landbased and from floating fish farming concejsconsidered to be fully captured by the
filtering mussel population.

This leads to total flux reduction of the patéavhere thebound P and N content of this waste sludge
is eliminated However the dissolved N and P in the water column itself is not captured either by the
mechanical water filtration nor by the mussel filtration.

These 2 conclusions are important toypstention to for West Estonia the way forward.

The mechanical water filtration is consigerto capture 55% of the gross organic waste from the fish
units illustrating that the lebver 55% is considered to be of the finer dust fraction of this wasts. Th
smaller particle fraction is here consiéer to be best suited for mussel capturing. Various
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manufacturers of modern mechanical water filtration argue that the capturing effect is even larger, up
to 70%.

Precautions if this assumption is incorrect, tiheadustments must be included However the
modellingof filtration potential of musselsinder West Estoniaconditions shows thathe filtering
capacityof musselss enormousand they are able t@apture significantly higher concentrations of
suspendedsolids as used in the current study

14 Open net fish farmingaquaponic restrictions

Open net framing with nacroalgae production

We have considered that the bestagroalgaespecies, whicthas a good assimilation update of
Nitrogen am Phosphorous Ulvaintestinalis is not suited for any cultivation technics in the free water
masses. The algaare fragile ard will not withstand waves and currents and will thefer be
fragmented and algae partid will be lost to the sea awill not represent any ouflux impact. We
have therefor considered that Open net farming with aqomic algae in West Estonia is somewhat
challenging special for thdJlva intestinalis

In other regions, special outside Baltic Sea there is much larger pibgsibculture largebrown algae
by vertical rope cultivation technigues sioto open net farms where its harvest will repeat some
flux reductions. Howevethese fluxes are not very high #sey aredissolved into a waste volueof
free water masses, second tlagae cutivation distance fom the fish nets also represent a naal
large diluting effect.

The selectedllva intestinalisgreen gras is illustrated

C Executive summery — lllustration of Macroalgae growing season

Macroalgae seasonal growth pattern |

None
Agquaponic Very High None Aguaponic
assimilation Med. Agquaponic effect Med. assimilation

Jan Febr MarcApr May June July Aug Sept Oct Nov Dec

Limited sunlight and low temperature
Medium

I s

Figure 54Growth potentialof Ulva intestinalis

A seasonajrowth patternillustrated inFgure 54, where the present of good spring/summer light with
natural high dissolved nutrients in the free water column motivates for a very good growth pattern.
Natural growth can be as high asb8 per day which is very high.

In the winter and lateautumnthe situation ischanged; sun light is reduced or absentldine natural
concentration s of nutrient is reduced. This leads to similar growth potentials amittests when we
are integration the algae to our fish farptanks on land and fliing bags
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We will only hae positive algae growth in the same periods, howevengater fluxwith highly dense
nutrients load passing from the mechanical éttons at the fish units is directed in an ensdd water
loop to the algaeébags without loosing any nutrients.

This hagnormousadvantages fabeyondnormal observec&amongaquaponic setuplntegration with
mussel and macroalgae for Open net in the free water column will never ever show such performance.
Because out macrdgae is inside its algalkags suspended in the wateolumn by the inomingvery
nutrient rich water, combiad with ideas of aeration inside the bag to create a steady circulation of
nutrient, algae aml water masses. These ideas should be verflatt from smaler scale trials we
consider this to be a goasblution.

Macroalge shows a stady growth pattern for & of 12x months eah year. Nutrients are lost in the
no-productive 4 winter moths resulting inoutfluxes of N and P to the sea. Howevethe
photosynthesis capability is very largedasur model assme that we will have a growth potential of
up to 10% per day in the wet weight consideration.

This 10% per day results in a ddoglof the algae biomass everth7days ad one have to harvest
very frequently, minimum 2x/week. The other result is that tnads of N ad P is so high that we
consider to have sast amount of algae suspended in each algae bag.

The algae bagare considered to b a light version of the fish bags, with voleraf 6 200 ni, 10m
deep and a diameter of 28 meteBuch a algaeunit will be receiving water pushed by the overpressure
from the fish holding bags.

Our baseline fish bagse capable of producin@pprox.223 tonnes live weight per 12 months period.
This biomass g is reflecting in a quantity of fish feed which resulteim waste matrix flow. For every
2x sets of these fish bags omeuld consider having 1x algae bag installed at the sacsion This
large bag is capable of producing arahrestingapprox.1 623 tonnes wet weigldlgaeper year if our
assumptions areorrect. There will be +/20 %from this. One criticaissueis the assimilation rate
according to the flow rate of the nutrient rich water through the aldpag.

If the residence time is too shotthen we will not have these assimilation ratios showrthis report.
The DW dry weigh of thElva instestinaliss approx.10%. This i@e algaegrowth represens a flux of
nutrient out of the West Estonia zone

C Executive summery - Aquaponic macroalgae nutrient assimilation

Aquaponic macaroalgae integration to fish farming by use of landbased tanks or the floating bag concept

Floating bag concept Tanks on land
Deadfish and feed
waste fnered off oo FECCCILINED ironitw ra:nu.:'“mmm
r arieg e ] I Fish - l Fish - r T
posiari
o of =1 L I Lan e Land ";l"! .
1 1 1] P = = ; i
=f.1 ([ Fish | | Macroalgae - = T
i |5 | | Macroalgae
a ' 1 1 X /
s A1/ 1 A '
L i o hd

If good location is found- we predict that flaoting
mussel bags represent aa capex and cost advantage
compare to landbased macroalgae cultivation

Figureb5. Floatingmacroalgaeaquaponic setup
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An importait element for actually be able to tegrate an algae aquaponic setup with fish units is that

prior every ear |y s pinitiallhigmassmmidgamhel@in ascultation‘statoioner vy’ o f
land—seedling stationTheseinitial biomassnust act as seedling and be ready to be iampéd in new

start-up algae bags in Mrch morth every year. Such a seedling activity could be arranged

C Executive summery - Macroalgae Seedling process

Seedling production ; pre-made juvenile mussel and macroalgae population prior
the aquaponic capturing /growth phase

Juvenile macroalge population needs to be cultivated prior the spring
season every year- act as seedlings;

A dedicated landbased macroalgae station location on the Islands

» This could also be exploited by the use of the simialr floating bags

Should be llandbased macroalgae seedling station-
temperature control and artificial light, supply to
multi fish farms

Figureb7. Algaecultivationstation.

The sedling station foralgae need tenperature control and artifi@l light and seawater pumped
onshore. Bilogical station othe university could initial such a setup and private stakeholders could
carry out this production to aquaponic fish farmensas a JV with authorés

Of other important flux results by macroalgae productame

e the avoidance of pred@n of the growing cohort, one should be able to monitor growth,
quality and harvest to ensure optimum ofitixes of nutrients.

e That the photosynthesis also results in a direct oxygen production, which takes place inside
the algae bagshow this can be tilized by the fish farm is currently not looked into. There is
similar large quantity of carbon dioxide reduction in the water column.
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D Observations — Cultivation elements West Estonia - macroalgae

| Cultivation elements Macroalgae

Why Ulva
intestinalis- green
grass?

* Matural presentin
West Estonia region

*  Growth =season,
as=imilation of
nutrient, sunlight
photosynthesis

*  zummer intensive
growth

* winter hibernation
and small growth

*  winter fragmentation

Oxygen production
and carbon dioxide
reduction

4

Fragile algae

-

badweatherand
wave forces

damagethe algae

Offshore
cultivation is
difficult

4

Algae bags ==
advantages in form
of;

+ s protected,
conserve all
nutrientflux and
carbon dioxide to
the algae

+ circulation of
nutrientrich water
andalgae inside

the algae bag

y

D Observations — Cultivation elements West Estonia - macroalgae

| Cultivation elements Macroalgae

* Howto harvest?

Technical challenges;

+ sedimentation of macroalgae must be avoided

+« What is the actual growth rate?

* Howto operate the units?

« Howto avoid epizoon and predation?

+ |ntensive growth season-huge volume

+ algae suspendedinthe water column must also avoid shadow effect/ limited sunlight
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D Observations — Circular economy macroalgae

| Circular economy Macroalgae

)

Best cultivation Final prod“c[ Produ{:’ti'.ril]r
technigues for
aquaponic + chemical content A large fish bag may produce
= 3un light! + addedvalue + 200tons fish biomass peryear
suspendedinthe )
water column + foodfeedchain + 20 bags may represent4 000
tons fish== preliminary
* Motattachedto energy observations is thatwe here
substrate nor v can integrate approx. 5x algae
BEntiC e Diry weight bags
Dhvy praames (g 0 1OV g3 B S&l & 029
producing 5x 1 620 tons wet

weightalgae peryear (8 000
tons}-200% more than fish
biomass

Figure 58Elements for macroalgaaffshorecultivation.

Open net farmintegration with shellfish

A third fish fam alternative is the use of traditional open net cages, the ‘metiwn salmonid fish
production strategy. Open nets have no collection of the waste which is freely drifting away from the
farm where the sea current/ water movements do spread and dilute whaste over a large area

These estimates are
based upon

-

our assumptions
as of today

The large
waterflow from the
fishtanks can
disturbthe
assimilation
efficiency

should beverified
under controlled

cultivation

includingboth solid particles and dissolved nutrients as nitrogen and phosphorus.

[llustrations offish farmplatform with mussel aquaponic integration

This setion illustrates our observation ratled to mussel cultivation.

The ifecycle of the blue muss@lytilus eduliss as follows.

C Executive summery - Life cycle mussel
Why Blue mussel- Mytilus edulis?

0.9
0.8
0.7
0.6
0.5

y = 0.0013x% - 0.0118x + 0.0339 e o &
0.
R? = 0.8805 . A

0.4
0.3
0.2
0.1

0

Mussel dry weight, g

0 5 10 15 20 25 30 35
Mussel length, mm

Relationship between mussel length and
weight in  Estonian marine  areas
(unpublished data).

Life cycle Blue mussel and filter capture of
organic particles and phytoplankton.

Figure59. The lifecycle of the blue musdelytilus edulisand allometric relationship between length

and weight inWest Estonia
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An aguaponic integration bthe mussel

The sasonral variability i the filtration potentialof musses.

C Executive summery - illustration of Mussel growing season
Mussel capturing capability

Medium filtering Very High Medium filtering
capacity Filtering capacity capacity

Jan Febr March Apr May June July Aug Sept Oct Nov Dec

Medium

I ey high

Figure 60 Seasonality in the filtration potential afusses.
Comments

1 The very interesting aspect ahintegration of the mussel to fish holding units is that famd-
basedfish farms there is a steady 24/1A of fine organic suspended particles year round
1 The mussel will respond to this by realizing that even in wintertime and lower temperatures
the mussel may benefit by a net gain
1 Severe low temperatures may create ice particles in the water column adeérusuch
conditions thefiltering potential ofmusses$is reduced.
1 So by pumping deeper sea water into our enclosed fistsuhe mussel will not experience
any severe low temperatureffectsand i s sbawWwiyhggaoWwsh pattern vye

Our modelfor mussel growth shows that for eveBx commercial large fish bags one could hold 1x
mussel baghat produces approx.24 tonnes live weight with shell. Howeyeme need a seedling
production of smaller juvenile mussel after harvesting of every mussilta allow for a good
capturing effect of all finer organic particleBhis mussel seedling should take place in the sea where
normally used hanging cultivation techniques by nets/ trawler nets will allow the juvenile stage veliger
to attach itself to tle surface of the nylon. After approx. 9 months of natural growth these smaller
musse$reacha size where they are capable of capturing all the organic waste from one fish bag.
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C Executive summery - Aquaponic mussel and organic waste position

Aguaponic mussel integration to fish farming by use of landbased tanks or the floating bag concept; quantity of
units to establish neutral organic waste flux position

Floating bag concept Tanks on land
m’;‘;” [sesiisiasii] [Essrisasei] ST m bl et e e 37 e
I"m::*w, = .;m _[..‘""“"““‘
Sericunare
- T -y =i [Co R w—— wa L o A—
" T | — T . " o
. i | Fish || | shelfish E | Shellfish * - shellfish | |
\\// N7 N\ N4
o) L " /// ' - a2 i '.\\‘ [
— Y | N N
— (i ; ﬁ i 3
fane-tael

Figure61. Integration of mussel aquaponic unit to on land and offshorie fiaisms

C Executive summery - Integrated mussel cultivation with Open net farm
or traditional ocean cultivation

| Dedicated near shore Ocean cultivation site || Near Open net fish farm | l Open net fish farm

Figure62. Seedling anadffshorecultivation ofmusses.

Mussel assumptions

In our model we have considered the followirgglistic assumptions:

Inside the mussel bag there is no predation of the growing mussel

We alsoexpectno diseasscaushgseveremortality.

Seedling is provided at dedicated volume and time of year

Musses$ are growing attached to trawler nets or similar substrate, handing vertical inside the

bags

e We need a new structural frame and lifting devices for inspection, cleamddarvesting the
mussels

e Nets have to be installed close to each other

e All these elements will have large impact on the setup, its cost and its growth potential

An alternative very interesting aspect by mussel aquaponic setup is that the biomassf yied mussel

is of interest, but also its filtering capability as such. The mussel main function is to capture the
suspended organic particles, not necessary to results in bioyiaks So for its main functione.
capturing particles one could leattee cultured mussel in the bag for a very long perieggars
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1 By doing so one will ensure that fish tanks have a aquaponic capturing device functional all the
time.

In this strategy the net gain in mussel biomass is not that interesting

However, fish famersin future may optimize thiprocedure by applying mussstedling at a
higher frequency

= =

Other mussel cultgtion results

The growth of the mussel also repressatbinding of carbon to the shell CaG©arbonate.
e This carbonate represestan outflux of carbon
e If this is assumed to mainly come from the carbon dioxiechton live weight mussetan
compensatel23 kg ©; outflux.
e Per mussel bag integrated to 2x fish bags one could harvest 24 tons mussel per year

Below is an illustration of the mmal waste routes in the marine ecosystem

e The largest waste fraction is the result by the digestion of the fish feed, dominated by fat,
protein and carbohydrate. The faeces is large feggirticles suspended in the water column
either filtered off at the tank and or floating bag fish farm or is passive entering the open sea
through thecurrent of the open net farm

e This waste is broken down to smaller particles, sareregimentedon the seabed other
fractions are degraded and do enter the marine ggsiem through normal routes. The
smallest micrgarticle fraction of the organic waste is not able to be collected by mechanical
filtration, the same is also for soluble nutrient (nitrogen and phospBprThese suspended
particles andhe dissolvedolule nutrients will be assimilated by the algae dydhe shellfish
to variable degree depending upon if they are tightaodely bounded to the fish farm

e Beside the suspended nutriesw third important waste product is the carbon dioxide which is
the by-product from the oxygen combustion by the fish populatitiracts as a direct energy
source and acts also as a building structur al
also results in an oxygen productiby the photosynthesis process

e The shéfish section of the aquaponignit act as dilter of the smallest suspended particles
from the fish waste into marine protein/mussel muscle

15 Potential circular economy impacts

The overall potential for circular economy
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C Executive Summery - Circular economy potential West Estonia
Fleating fizsh bags ]

‘ Landbased fishtanks ] |

Egg and smokt production Open net farming Landbased fizh farm Floating large fish bags
Rainbow trout 20 000 tons live weight 20x large fish tanks a 10x large units, a § 000 m3
13 mill smolts per year 20 sites, 220 cages 2 200m3, on 10x farms, on 10x farms
3 4y smoltfarms on land Harvest; 2 000 tonnes from 200 fizh tanks, Harvest 100 fleating unitz, Harvest
10 sitesfyear 10 000 tons 10 000 tons
Jobs tutalle:r;:;h; chain and Open nets 270
Landbazed and Floating bags 250 Total 700x
Best guess Aguaponic 175
Circular economy value mEUR 175 Open nets
mEUR 100 landbased ELH T
Best guess mEUR 100 fleating bags

T
Figure63. Shows the potatial circular economy for the exploitatiorf the West Estonia coastal

resources.

Comments
The comments are addressed in the Execusuenmery It is important to establish a good

foundation for 24x semilarge modern smolt plants. These farare vital for the exploiting ofon
growinglarge rainbow trout for the region.

16 Risk elements
Main risk elementsreillustrated as

D Observations — Risk factors

| Risk factors 7w pay attention to => J

Mo 1 Highestrisks is
the weather
conditions where
aquaponicintegration
can take place

Mo 2 Define if Open
net farming can be
introduced without
Offshore cultivation

4

Mo 3 There is a need to
investigate the details
on how the aguaponic
integration with the fish
farms could be
arranged

Cheap andfunctional
mussel and macroalgae
bags- technical layout and

Costs

Figure64. Main risk elements
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No 4 - The initial
investments of modern
smolt plants - this mustbe
linkedto licenses for full
outgrowth of fishto 3,5 kg

No 5 How West Estonia
can establish aguaponic
cultivation;

*  juvenile seedling station
of mussel-and
macroalgae representa
key rolein acting as
seedlings

y

No 6 Carefully
consider good harvest
technigues for both
algae and mussel

No 7 Define
processing - and final
product - economic
study for the
aquaponic products
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Comments

Relevant comments are listed in chapter 3 Execudivamary. We stress thagood locaion for all

3x platforms for production of large rainbow trout must be evaluated with special focus on weather
conditions. It is also important that traditional Open net farming licensgsanted- even these
represent a higher waste fluxes compared ttee enclosed platforms. They could be given
reasonable quotas for flux per year per site. This will allow for a lower cost entry for private
stakeholders. One strategy could be to do so, and these and or additional permits could be granted
where more advaced waste treatment isonouredwith a higher biomass and waste fluxes.

We assume that caused by a future potential limitation of fish farming activity in general in Baltic

Sea there may be an advantage for first movers. Howeagthe eutrophication iss such a

careful licenses regime should be founded where site specific licenses both in a short and a longer
perspective are “equally” ranked according to w

A success for waste reduction is how the aquaponiegrdtion and cultivation techniquesre
established. We encourage public R&D and resources to initiate trials where our listed pilot R&D
stations is vital. We assume that any resources dedicated for this may represent

T Quick preliminary observations undactive production of fish and aquaponic is small/

semilarge scale for a 3 year period

Followed by licenses introduction plan

Allow the industryto select the fish platform they want, and adjust waste fluxes

accordingly

1 The public sector should not dend that certain platforms are better than others as long
as key focus is quantity of fluxes to the environment

1
1

17 Action plan for West Estonia Government
Themain TO D@lements may be part of a TO DO list for West Estoniaidipalities WEM

page 55 of 98



C Executive Summery - Top 6x TO DO LIST

WestEstonia has all options to; priority I _

No 1 Recalculate flux quotas with and without aquaponic integration and
show the potential for 1500 , 2500 and S 000 tonnes fish farms

No 3 Verify our observation in depth- also by practical field data and pilot :
station- inspect and visit Norwegian fish platforms and manufacturers / J

|
No 3 Define yearly flux quotas for dedicated zones and s«kes. Let the industry
define type of concepts and locations of interest- give them options

fluxes and aquaponic integration, show the value chain, map all relevant
coastal activity as of today, update maps and zones /
Create a factbased story /,/V

/7

C Executive Summery- Top6x TO DO LIST

WestEstonia has all options to; priority

Mo 5 Establish a pilot public fish farm with R&D activity at the Islands, linked to
education, water chemistry, aquaponic guidelines, lease floating bag concept 6x
and 10x Open net cages from Norway in 5 yrs

Public and private companies can rent facility and pay for the lease cost
Define rules of open information and confidential information ’

Mo 6 Arrange a seminar, invite small and large investors, preference fish
tarmers from Estonia, Baltic region and Norway/Scotland, wind-energy
companies

Have premade formats and application documents handed over at the
Leminar

Figue 65. TO DO elements.
Comments;

These elements arieere considered to be important. For text and illustrations of TO DO elements
arelisted in Appendices.

page 56 of 98



Appendices

Details; sme fish farming production planning elements

Details; guaponic itegration of mussel and macroalgae

Details TO DO list

Circular economy

Public report West Estonia coastal zone

Wind-energy sector

Some information from the international salmonid farming industry

GMmMoOOw»
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A Fish farmingproduction planning elementsbhackground

The sea temperature is low in winter approx. 3 degrees and reach a peak of approx. 16 Celsius in
August/September. The growth curve of various fish groups entering the Open net cages theri
spring/ summer period

Topics Fish production

1) Landbased for 0,1 kg to3,5 kg

# llustration of growth pattern

Growth from smolt to harvest
1 Jan/1 Apr/1Aug/1 Dec

~
o~

_-

Figure 63 Growth pattern fdand basedand floating bag platformdifferent fish groups released at
different time.

The growing period lasts from approx. 53 weeks up to approx. 57 weeks depended upon the
temperature profie. Shorted generation time is féish groupsvho experience the best temperature
profile for its whole generation.

Production planning

It is important to have a steady state of biomass at the fish farm year round so that the production can
reach biomassolume where the economy of scale is utilizing the investment and thereby allows the
fish farmer to reach a good economy. Without such a production planning the fish farm will have
difficult cashflow positions and may also have a limited season windous foaivest and sales.

This is normally arranged where trout smolts are enteredfitie farmat dedicated times of the year.

In our production planning we have chosen all smolt of 100 gram and have estimated the number of
smolt for the open net cages, thenclosed floating bags and the modefiah tank configuration
onshore, so that they all can produce and harvest biomasses of economical dimension.

The floating bag concept and the fish tanks on land is having identical growth, survival and biomass
year raund. The Open net cages in our internal demo for predicting fish feed volume week by week
and its wastes to the sea is having a less frequent smolt entry and a different biomass development.

The figure below shows how each smolt group develop tis indiVidisenass over time until the
harvested live weight of 3,5 kg is reached. After harvest the fish tanks or the floating bags can be
restocked with a new fish groups that is released at aaptime of the year and therefor has its
separate growttpattern for its lifecycle. We have derthis for approx170x different smolt eniesto
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predict the steady state in the 3 where the biogsand fish feed volumis showing smooth and stable
performances. From this status we have estimated the nutrient fluxdsasd to particle and being

dissolved in the free water column.

From these fluxes we have then integrated the aquaponic efgsito tanks on la and to the floating

bag units.

Biomass kg, end of week per fishgroup
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Figure 64 lllustration of different fish groups growth and biomass until lsarveight 3,5 kg is reached.

Here smolt groups are entering the tank farm every 14 days, in a year this is 24 fish groups. The number
in the cells are the biomass live at weekly intervals. The first smolt groups is harvested as 214,9 MT
after 53 + 10 weekssum 63 weeks. The next groups shows very similar biomasses ranging from 214
MT up to 219 MT. Red number are the live biomass at harvest when 3,50 kg live weight is reached.
Each tanks is then cleaned and new groups are entered after 2 weeks fallow. génieds an ongoing
process leading to none fish harvested the first yeagdgbiomass the ', and a steady stage level in

the 3" and 4" year.The biomass profile could be any volume, here fisis groupeachillustrated as

64 000 smolt every 14 day

Below is an illustration where the different smolt number must be released to farming famiall 3
platformsto reach the same biomass at harvesll with average weight of 3,5 kg per rainbow trout.
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2 Productioni planning fish farming

Summery biomass potential large rainbow trout

« Theillustrated pages above may resultin;

Open nets Landbased tanks Floating bags
500 MT biomass;
Stocking no smolts 185 000 150 00D 150 00D
Smeolt entry period 1 Apr-1 Mow year round year round
Fallow pericd per site yes 3 months mone yes 3 months
1 500 MT biomass
Stocking no smolts 455 000 450D D00 45D D00
2500 MT biomass
Stocking no smolts 825 000 T5D 00D T5D 00D
5000MT biomass
Stocking no smolts 1 650 00D 1 500 00D 1 500 00D

Figure 65 Elements for fish farming planning.

The advantage by introduction rainbow trout to the West region is the fact that salinity of the seawater
is only a fraction of what is found in the Kattegat/North Sea regievels are often within 8.0 psu

(per mill), which act as a barrier for the seali€xperts in the West region confirm that this is the case,
in addition the rainbow trout is more resistant against sea lice infection.

The rainbow trout is also best suited under these low saline conditions.

Local and international fish farming initiaéis should exploit the potentials in the West Estonia region
where the nutrient flux challenges must be consider. All modern leaskdfish farmsdo operate
where mechanical filtering of the waste is a foundation of their licenses. Télevald benone
differences for the West region.

This means that tradition@pen netfarmingalso withproper fish feed and a good fish health is well
adapted however the fluxes are here larger per kg fish produced.

West Estonia should grant farming licenses appirex5x for an initial modern phase for i.e. 10 years
period where agencies from Estonia (environmental, fish he#dtid safety are involved, contriding

and monitoing the progress over time and suppowtith corrective action. Such permits should be
granted with flexibility if periods show performances in conflict of the Water &t more preise to
yearly flux quota issued per locatipthis should be observed and corrective actions should be
implemented. Should the case be that some of ithestratedfish farmingplatform listed in this report

do show advantageshen supports should be given to further expasweth biomasses as long as onsite
threshold targets are remained

An important principle should be that any yearly waste fluxes should act eqgaldiess of the
platform chosen by the private stakeholdees long as one consider individual locations

Setup with flux reduction per kg fish produced should then be allowed to produce a larger biomass
compared to a situation wheréhey rather chose aplatform with a higherflux ratio per kg fish
produced The importance is that the total flus to be specified per sites & zone are maintain
regardless of piform in use.The authorities must be careful so that they are not directing the
technology deelopment or is putting them in a responsible position.

The same situation is for fish farmers on latite quantity use of seawater per kg fish per year should
be the outcome of the technical system chosen by the stakeholdieis wrong to address pernst
where the total yearly sea water volume is speciiigds not the sea water volume that caused fluxes
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to the seait is the dissolved and bounded nutrient that is the main factor, example is the permit given
for the on land fish tanks at Keskmme witha 99 million mi sea water volume per year.

It is the private stakeHders who should sett the system in use, its complexity, capex apénlevel
the authaities should motiate and monitor.

Important is also that the West Estonian authorities motivisiiative setup on a larger volume scale

so that all related parties can establish an economy of scale actiVaystrongly recommend not to

issue many too smdicenses, group them together and issue lgeantity oflicenses. Some licenses
should besmall, medium and large. According to the locat®oapability to recover after a farming
period- this is positive as then various stakeholders can select among a variation among dimensions,
capex availability and willingness.

In line with this a priva/ public marine service/ process laboratories/ educatentreand supporting
lab, value added activity on land is crucial for both the finffigt health,macroalgae and shellfish
initiatives being part of this report.

Our suggested aquaponic arramgents should attract wind driven energy companies in joining forces
with production/farming stakeholders (energy is required for waterflow, production of oxygen, fish
processing line, cultivation of macro algae and shellfish). Energy companies shoutmlalsto the
possibility where their floating offshore wind platforms could be adapted to also facilitate farming
units- fundament herei.e. integration of oxygen production and storagish feedtransport and
storage, facility for farming crew and shdreervice/ maintenance staff and facilities and crew/ships..

There is valuable supporting industry already in the Estonia coastal zone that certainly can support and
participate in the illustrated aguaponand fish producingrrangements;

0 combination of vild fish processing/ gear production and maintenariagked tofish farming
mooring and net production and net services
0 food safety, packaging, freezer and cooling facility and logistic

O«

in the Baltic/Nordic region there are multiple suppliers of variogg ereeding program for
trout, smolt, fish feed manufacturer

Norway which is currently leading the technical development of new farming platform could
certainly be an important supplier

O«
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B Aquaponic integration the cultivation of shellfish blue mussel
(Mytilus eduligtrossulus)

Farming mussels

Mussels are usually farmed above the seafloor. Farms typically consist of different floating substrates
which are hung in the water column and attached to the seabed using weights. Oftendhiéisation
substrates are smooth (e.g. 0.5-1 cm thick nylon
Crop HM Rope) or ribbeshaped ropes (e.g. Swedish bands). Trawling nets are also often used.
Farming mussels by floating substrates is thoughie the most efficient method because predators

cannot reach the mussels and the growth rate of mussels is high as in the upper water layers food is
more plentiful and temperatures are higher.

Improving the environment through shellfish aquaculturesraceived increasing attention in recent
years (Gren et al., 2009; Higgins et al., 2011; Kotta et al., 2020). Shellfish farms extract 25 times more
nutrients from the environment than wetlands of the same area (Lindahl & Kollberg, 2009). Filter
feeding mssels remove large amounts of planktonic microalgae from the water mass and thereby
accumulate a significant fraction of nutrients in their bodies and/or channel the remaining nutrients to
bottom sediments (Officer et al., 1982; Reeders & Bij de Vaatd))18breover, nutrients that settle

to the bottom may be completely removed from the marine system: nitrogen compounds may
volatilize to the atmosphere as molecular nitrogen)(ids a result of bacterial life (denitrification),
while phosphorus compounds ay leave the cycle due to burial in sediments (Conroy et al., 2005;
Newell et al., 2005). As a consequence, adverse symptoms of eutrophication are expected to be
reduced. At local scales shellfish farms can be also used to reduce the environmental ifiEtct o
farming in both marine and terrestrial farms (Zhou et al., 2014).

Farming native blue mussel represents a vast yet untapped potential for eutrophication mitigation in
the Estonian coastal waters. Mussels filter the water and remove suspended afhg@eo or
phytoplankton. As a result, the water becomes clearer (Newell, 2004). However, such negative effects
are highly unlikely as shown by the recent INTERREG project BB&//(vww.submariner
network.eu/balticbluegrowth. Farmed blue mussels need no additional nutrients for effective growth.
Instead, they feed on water microalgae and the positive effect of filtration by mussels on water quality
is immediate. Importantly, subsequent hasting of farmed mussels removes a significant amount of
nutrients from the marine environment and thereby constitutes a sustainablejriguact, circular and
potentially costeffective measure for eutrophication control. In addition to reducing eutrogiiie,

mussel shells consist of mineralized carbon and mussel farming is a means to permanently remove
carbon dioxide from the air, thus helping us to reach greenhouse gas targets. Preliminary research has
shown that the predicted total area of farms neeabi® achieve nutrient reduction targets is attainable
under the current maritime spatial planning environment in the Baltic Sea. Nonetheless, the actual sea
space for mussel farms should be allocated carefully to avoid unacceptable environmental impacts or
conflicts with other uses. The use of appropriate farming technology and harvesting, which is designed
for the smaller and slower growing Baltic Sea mussels, provides remarkable production rates, cost
effectiveness, and also better nutrient content in tyield (Loite and Kotta, 2021).

Applying relevant farming methods for the blue mussel is a profitable and sustainable way to remove
nitrogen and phosphorus from the Baltic Sea and to capture excess atmospheric carbon. Mussel
farming not only provides a @i for nutrient mitigation, but also contributes to the social and economic
sustainability of rural areas. Furthermore, farms are seen as a restoration measure to supplement
natural mussel reefs lost to anthropogenic impacts. When available in a suffjclarge amount,
mussels can provide a new sustainable protein resource for animal feed and the food industry or serve
as a biological alternative to chemical fertilizers. Mussel meal is a good raw material and feed
ingredient with no detriment to the groth and health of chickens. Sustainably produced blue mussels
have a growing market because of their expanding field of application in different industries. In
addition to animal feed and human consumption, a rangeatdrisationoptions exist for mussel eat
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and shells. Mussels are known to be a reserve of valuable compounds such as bioactive proteins,
minerals, pigments, enzymes etc. This leads to a solid potential to use these components to produce
high value food supplements, biocosmetics, and so onelamd Kotta, 2021).

The results of the BBG (Baltic Blue Growth) projechttp$://www.submariner
network.eu/balticbluegrowth showed that farming mussels is both efficient and econonyi¢adisible

for Estonia. The environmental assessment conducted on all six mussel farms on the Baltic Sea failed
to detect any negative environmental impact. The environment may be negatively impacted by the
establishment of very large mussel farms (aréaka?) but existing technological solutions prevent us

from establishing farms of that size. In addition to the aforementioned, the toxicity of Estonian mussels
is very low. Mussels grown here can be used both as food and/or feed.

Only two mussel specids/e in the Estonian marine areddytilus edulis/trossulusand Dreissena
polymorpha The distribution areas of these mussel species are very different due to very different
environmental requirements of these species. This is why a selection of theatiohivareas of these
mussel species should be made very carefully to avoid suboptimal habitats. In the optimal habitats,
however, appropriate species will attach to the cultivation substrates and farm yields are relatively
stable between years.

Mytilus edulis/trossulusis the most important mussel species for Estonian aquaculture. Blue mussel
farming relies on recruitment of freswimming larvae (veligers) from wild populations that are
entrained into the water column and passively dispersed from nammassel reefs. After dispersal,
veligers attach themselves to available substrates, including objects in the water column, e.g., mussel
farms. This is normally happening once a year, in the late May or the early June. Thus, determining how
to best alloca¢ areas suitable for mussel farming requires consideration of (1) the connectivity
between candidate farm sites and natural mussel reefs in order to define areas that do not require
artificial mussel seeding and (2) the production potential of musselarididate farm sites. A typical

Baltic Sea mussel farm has an area of a less than 5 hectares and consists of 25 km of rope suspended
at different depths. Cost effectiveness of the farms is dependent on nutrient and salinity levels as well
as the type of eqipment for culturing mussels, with specialized ropes that optimize veliger recruitment
being the most effective for culturing the small mussels found in the Baltic Sea. The growth cycle of
this mussel in farms in Estonian coastal waters i2lyBars. Thenodelling of the production yield of

M. edulis/trossulushowed that for the majority of the West Estonian sea areas the production of
mussels exceeds 1.5 kg mussels per m rope which equals approximately to 80 tonnes of mussels per
ha per harvest (Fig. Kptta et al., 2020).

Mussel biomass yield at farm

kg per m rope
wom High: 1.5

M Low:o

page 63 of 98


https://www.submariner-network.eu/balticbluegrowth
https://www.submariner-network.eu/balticbluegrowth

Figure66. Modelled production potential of mussel farms in Estonian marine areas (kg wet weight per
m rope and harvest) (Kotta et al., 2019).

Comments

Mussel farming is sitgpecific and the use of the right growing substsagnsures higher yields (i.e.
economic success). In order to achieve optimal farming technologies, it is necessary to test the
potential of different substrates in good growing areas and to select the best technological solutions
for Estonia (or a specifigater body).

Aquaponic systenfor shellfishfor this report

Modelling the clearance rate &fl. edulis/trossulus

In order to define an effective aquaponic system, which cleans the wastewater of fish farms, the
knowledge on the filtration potential of nasels needs to be known. The effectiveness of filtration of
mussels depends on several factors, such as shell size, water temperature, salinity, water movement
and concentration of suspended solids. Importantly, relationships between these environmental
variables and the filtration rate are highly locatiepecific (Petersen & Loo, 2004; Lauringson et al.,
2007, 2009, 2014; Kotta et al., 2009).

In this project, we combined all the experimental measurements collected in previous regional projects
coveringthe West Estonian area into a single aggregated database to model the clearance vhate of
edulis/trossulusData on the clearance rates of the EstonMnedulis/trossulusvere obtained from

the following scientific papers and associated databases: Kbthaghlenberg (2002), Kotta et al.
(2005), Lauringson et al. (2009), Lauringson et al. (2014).

Modelling algorithmsThe contribution of different environmental variables on the filtration raté/of
edulis/trossulusvas explored using the Boosted Regressirees technique (BRT). BRT models are
capable of handling different types of predictor variables and their predictive performance is superior
to most traditional modelling methods (see e.g. comparisons with GLM, GAM and multivariate
adaptive regressiosplines, (Elith et al., 2006; Leathwick et al., 2006). Overfitting is often regarded as
a problem in statistical modelling but can be overcome by using independent data sets. The BRT
modelling iteratively develops a large ensemble of small regression taestructed from random
subsets of the data. Each successive tree predicts the residuals from the previous tree to gradually
boost the predictive performance of the overall model (Elith et al., 2008). Important parameters in
building BRT models are thealming rate and tree complexity. The learning rate determines the
contribution of each tree to the growing model and tree complexity defines the depth of interactions
allowed in a model. A tree complexity of 1 assesses only main effects; A tree complekitiudes
interactions. Different combinations of these parameters may vyield variable predictive performance
but generally a lower learning rate and inclusion of interactions gives better results (Elith et al., 2008).
In the current study, the model leaing rate was kept at 0.001 and tree complexity at 5. Model
performance was evaluated using the cresdidation statistics calculated during model fitting (Hastie

et al., 2009). The BRT modelling was done in R using the gbm package (Elith et al. (@@ S
errors for the predictions and pointwise standard errors for the partial dependence curves, produced
by R package "pdp" (Greenwell, 2017), were estimated using bootstrap (100 replications).
Multicollinearity can be an issue with BRT modelling whseessing if and when environmental
variables are of ecological interest. Thus, prior to modelling, the Pearson correlation analysis between
all environmental variables eve calculated in order to avoid including highly correlated variables into
the model.The correlation analysis showed that most variables were only weakly intercorrelated (r <
0.5).

Key resultsBRT models on the clearance rate Mf edulis/trossulusaccounted for a significant
proportion of the variability with7values estimated at 02 Salinity was the best overall predictor in
the model of clearance rate. Other imgant variables were water temperature and the concentration
of organic particles in the seawater.
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Increasing salinity increased the clearance rateVbfedulis/trossuls individuals up to a certain
threshold value (i.e. 5 psu). The temperature response was more gradual with increasing temperatures
resulting in increasing clearance between 0 and 25 °C. The clearance rate was inversely related to the
content of organic parcles. Importantly, in order to maintain an effective filtration by mussels, the
concentration of organic particles should be kept below 2.5%iqure 67). In order to extrapolate

the clearance rate of mussel individuals to the population scale, tedkshed allometric relationship
between mussel length and weight using mussels collected from the western parts of the Estonian
maritime areas (Fige 68).
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Figure67. Standardized functiondbrm relationships (z Standard Error) showing the effeckey
environmental variables on the clearance rate of individual mussdi$. @dulis/trossuluswhilst all
other variables are held at their means. The variaidesdered by their relative contribution in the
BRT model (shown in %). Upwdick markson x-axis show the frequency distribution of data along
this axis.
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Figure68. Relationship between mussel length and weight in Estonian marine areas (unpublished
data).

Using mussel aquaponic units to clean the wastewatetdarfd basedish farms

It is mportant to notice that in our base calculation of fish production, biomass, feed and waste
volumes we used one of many potential mix of smolt entry. The listed values of production capacity of
mussel, macroalgae is not directly transferable to other paidun setup. Our numbers are only
relevant for our dimensions of tanks and fish bags and also our average density of kg disblmsed
water, time of year and their feed volume per day, per week.

Thetrawl netsdimensions and the macroalgae densityhie water column of the algae bags are other
important parameters that certainly influences the aquaponic effectiveness of capturing fluxes.

Our baseline setupAquaponic unit installed in sea (mussel bags)

The aquaponic system is installed at sea m v¢itinity of the lanebased fish farm. Effluent from the

fish farm is channelled by pipeline to a mussel aquaponic unit. Importantly, nutrients do not leak out
from such a system into the marine environment. Our mussel aquaponic unit has the following
dimensions: diameter 28 m, depth 10, surface area 615 fand volume 6154 f Each of such mussel
aguaponic unit includesawl! netas asubstratefor mussel growth. Eadnaw! netelement has 9 x 13

m in size, theérawl netsare arranged in series, the distce betweertrawl netelements is 25 cm and

such an arrangement results a total of 6552 ofi growth substrate for mussels in the agquaponic
system. There is a pump at the bottom of the mussel aquaponic station that daily removes mussel
faeces and dead shie settled at the bottom.

In order to develop sewage treatment schemes for fish farm effluents based on shellfish culture (i.e. a
mussel aquaponic unit) and to assess the efficiency of such a system we applied the model of clearance
rate on the estimatedlynamics of effluents originating from an hypothetical fish farmuf€i§9). In

order to clean up all the effluent originating the fish farm, seven (minimum 6 and maximum 9 units)
such shellfishunits need to be set up (Fige 70). Even though at some agons a lower number of
mussel units can purify all the effluents, it is not practically feasible to change the number of such
treatment units seasonally.

page 67 of 98



18 0.5

16 @ A E o ® °®

o e®o0 0, ;s@»oe‘n‘r“ i' 04 5
o o 6@ °e 4{6
S 12 ° "o =
2 . ° 03 £
@ 10 o®e0 @ e 8
v : °* o o c
g 8 .° *®eeeq 02 O
g b :,

] |eececccee®® *® 0.1 S

2 w

0 0.0

0 10 20 30 40 50
Calendar week
e Temperature (degrees) e Sludge (g per m3)
T ————————————

Figure69. The dynamics of water temperature and sludge concentration irsél@ebasedquaponic
musselunit within one calendar year, for our baselifigh farm
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Figure70. The number o$ea basedquaponic units needed to filter out 100% sludge coming from the
drumfilter within one calendar year for our baselifish farm

In order to set up sth purification stations, the trawl net must first be placed in the marine
environment in MayJune. These nets must then be inspected to see whether the juveniles of the
shellfish have attached to the net. If successful, the nets can be moved to the adaaystem. It

takes about nine months for the shellfish to grow, at which point such a mussel treatment unit is ready
to receive the fish farm effluent at full potential. Such a treatment plant can work for years without
being harvested. However, if the@m is to harvest shellfish, it is most reasonable to do this when the
shellfish are 2.5 years old. The expected mussel yield of each aquaponic unit is in minimum 47.9 tonnes
wet weight of mussels (flesh and shell) per harvest (i.e. for a period of 2:§)yeasaid 24 tonnes per

year. Mussel harvesting should be preferably taken place in autumn when the biochemical composition
of the mussels is at its best and when the amouriisif farmeffluent is not the highest.

Aquaponic unit installed on land (iks on land)

Alternatively, mussel aquaponic units can be installed on land. Here, the mussel unit has the following
dimensions: diameter 25 m, depth 4.5 m, surface area 49dnu volume 2208 fmSimilar dimensions
as for our baseline biomass for fislirfaed on land.
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As forseabasedsystem, each of such mussel aquaponic unit includes! net as asubstratefor
mussel growth. Eactnawl netelement has 4 x 11 m in size, ttiawl netsare arranged in series, the
distance betweenrawl net elements is25 cm and such an arrangement results a total of 2122fm
growth substrate for mussels in the aquaponic system. There is a pump at the bottom of the mussel
aguaponic station that daily removes mussel faeces and dead shells settled at the bottera.ae
different average density of fish per enclosed m3 for bags veishdanks

In order to clean up all the effluent originating the fish farm, 24 (minimum 21 and maximum 28 units)
such shellfish processing plants need to be set upu(Eig2). The expeted mussel yield of each
aquaponic unit is in minimum 15.4 tonnes wet weight of mussels (flesh and shell) per harvest (i.e. for
a period of 2.5 years).
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Figure71. The dynamics of water temperature and sludge concentration inahe basedaquaponic
mussel unit within one calendar year.
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Figure72. The number ofand basedaquaponic units needed to filter out 100% sludge coming from
the drum filter within one calendar year.

Using mussel aquaponic units to clean the wastewater of Open net fish farm

Smilar aguaponic system (mussel bags) as described above ftartidasedfish farms can be used

in the Open net solution. Here, it is important to assure that nutrients do not leak out from such a
system into the marine environment. Moreover, it is inm@mt to assure the maintenance of a pump

at the bottom of the mussel aquaponic station that daily removes mussel faeces and dead shells settled
at the bottom.
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The actual number of such mussel aquaponic stations will depend on the temperature regime in a
given sea area, but in general the Open net areas of west Estonia are characterised by a similar
seasonality of temperatures as described above fordmelbasedsystem and therefore the expected
number of mussel aquaponic units do not significantly dewethin the entire area of interest of west
Estonia and is estimated at 7 = 2 mussel unitsfig@rfarm

Offshore shellfishcultivation

In addition to offsetting the impacts of fish farming, shellfish farms can be independently established
over a verylarge area, and in essence, there is an unlimitetural resource (microalgae) for this
activity. Besides nutrient removal, such a shellfish farm significantly increases water transparency and
mitigate the risks of local algal blooms within a radiustafua 1 knt. Consequently, it makes sense to
locate shellfish farms in areas experiencing Haaded nutrient load, as such -existence can
compensate for the nutrient fluxes released into the sea and keep the water in the vicinity of
wastewater outlet pipe transparent. Information on the suitability of different marine areas for
shellfish farming can be found on tRBSSportal athttp://www.sea.ee/bbgodss/Map/MapMain The

same portal (see section playour farm) shows the production yield of mussel farms in a given sea
area as well as the expected removal of nutrients following the mussel harvest.
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CAquaponic integration cultivation of macroagae
Introduction

Macroalgae have a long history of exploitation by peoples all around the globe (Periera, 2016).
Primarily utilised as a food source, edible seaweed provides a good source of proteins, lipids and
dietary fibres when consumed by humaiiawczynski et al., 2007; Macartain et al., 2007).

Macroal gae’s high photosynthetic productivity al
storage globally. As macroalgal material is sequestered into sediments and exported into the deep
marine ewvironment, it locks away atmospheric CO2 and acts as a carbon sink (Gao & McKinley, 1994).
Additionally, collecting or cultivating macroalgae for use in the production of fuels can act to offset
anthropogenic atmospheric carbon production from fossiked fuels by providing an alternative fuel

source in the form of carbon neutral biofuels and-bistanol (EnquistNewman et al., 2014; Kraan et

al., 2013; Potts et al., 2012; Wei et al., 2013). In addition to the capture of CO2, macroalgae uptake
dissolvedmorganic nutrients such as nitrogen and phosphorous. This process stimulates algal growth

and is important in mediating the deleterious effects eutrophication has in coastal zones, which as it
stands, represents a major issue for many coastal regions drthenglobe (Leandro, 2019).
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Macroalgae cultivation is primarily dependent upon seawater containing sufficient nutrients to act as

a growth medium. As a photosynthetic organism, macroalgae growth rates are determined upon
environmental factors such as temature, nutrient availability, pH, CO2, solar radiation and salinity
(Dawes et al., 1998; Choi et al., 2010; Guo et al., 2015). However, such factors combine in a complex
interplay to determine a given growth rate dependent on the macroalgae species oultieation, of

which each species is unique. Furthermore, as many algal species display complex and poorly
understood life stage histories, the factors that control both germination and growth likely change
through time adding to the complexities of aukition and maximising production (Cumming et al.,
2019).

Suitable species for cultivation in NE Baltic Sea

As Baltic Sea is a brackish environment most oftheroalgakpecies cultivated in the other parts of
the world ocean can not survive in thesenditions. Species suitable for cultivation should usually
correspond to one or more of following criteria:

1. Opportunisticspecies with fast growth and high nutrient and Cptake
2. Generalists in substrate requirements

3. Effectively controlling epiphytism

4. Vegetative reproduction, simple life cycle

5. Tolerant to moderate mechanical disturbance

Total number of macroalgae native to Estonian coastline is up to 80 species with about 20 being most
frequent. Out of them less than 10 can be selected based on lisiiediar Most promising candidate
species for massultivationbelong to group of green algae.

Chlorophyta (Green algae)

Chlorophyta or green algae so called due to the chlorophyll (a and b) pigments that give its appearance
form a large group of photosyhetic organisms. Chlorophyta utilise these pigments along with
carotenoids, not only for energy production but also to protect the damaging effects ofvittiet

light (Barsanti & Gualtieri, 2006) and as chemical defence (Kadam et al., 2013).

Chlorophya have been shown to be a rich source of carbohydrates, particularly that of sulphated
polysaccharide which are structured within the algal cell walls (Lahaye & Robic, 2007). One such
polysaccharide, ulvan, derived from Ulvaceae is a wsdéuble gellingpolysaccharide with bioactive
properties such as immunomodulating, antiviral, antioxidant and-eaicer (Kidgell et al., 2019).
Ulvans account for roughly 280% of the total carbohydrate component of chlorophyta but their
bioactive concertation and fution vary dependent upon factors that pertain its given chemical
structure. Therefore, ulvan bioactivity is highly diverse and differs based on the species from which it
is extracted from as well as the environmental factors effecting an individual atgd]l et al., 2019).

Ulvan is of interest to the biomedical industry, its potential use in applications related to tissue
engineering, antibacterial biofilm prevention and as a drug delivery device have been noted by
researchers once it was proven ulvigirecognised animal liver cells (Kidgell et al., 2019; Alves et al.,
2013; Wijesekara et al., 2011; Venkatesan et al., 2015; Cunha & Grenha, 2016). The development of
products related to such effects has the potential lead to significant economic oppidetin

In addition to ulvans unique gelling and bioactive properties, chlorophyta are reported to have novel
uses outside of the food and pharmaceutical industries. Anionic polysaccharides found within Ulva sp.
have the ability to accumulate heavy metalgthin the algal cell structure. As such, Ulva sp. can
concentrate heavy metals found to pollute contaminated waters and when removed and destroyed
can mediate pollution (Webster & Gadd, 1996; Bocanegra et al., 2009; Schijf & Ebling, 2010). This ability
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by Ulva sp., therefore can be utilised in the mitigation of anthropogenic wastewaters as the species
display high growth rates particularly under high nutrient regimes (Kraan, 2013; Castine et al., 2013,
Lawton et al., 2013; Glasson et al., 2017). Ulva pyapan is therefore positioned as a useful tool for
environmental managers for heavy metal bioremediation.

Overall chemical compounds derived from chlorophyta have been demonstrated to be highly diverse
in nature with applications in pharmaceuticals, radeuticals, foods, feed, agriculture and
bioremediation.

For Estoniagoastalconditions specieblva intestinaliss recognised to be one of the most perspective
species for mass cultivation:

1. species is present in Estonian coastal sea most of the vegeiagriod April Novembey
2. species can grow both in attached ainele floatingform

3. species is salinity tolerant (315 PSU)

4. species utilises high concentrations of nutrients

5. gives several generations during the vegetative season

6. active control ofepiphytes

7. simple structure

8. simple life cycle (Figure 1.)

9. multitude of commercial applications
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Figure73. Lifecycleof Ulva intestinalis(from Bast 2014).
Methods of Cultivation
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The cultivation of macroalgae is predetermined by the specific growth requiressvadra given algal
species. In general, the physical properties of seawater used as a cultivation medium are the main
environmental factor regulating growth. Macroalgae growth is always regulated to varying degrees by
the factors of temperature, pH, sailiy, nutrient availability and solar radiation (PAR). Moreover,
macroalgae often display complex lifecycles and as such certain environmental factors will affect algal
growth disproportionality at varying life phases. Thus, a high degree of biologicaleahdical
knowledge is required for a cultivation venture to succeed.

Integrated Multitrophic Aquaculture

Traditional single species aquaculture whereby one species is cultivated in a manner that maximises
biomass production is increasingly viewed as fyvesimplistic and one that contributes to
environmental degradation of the marine environment. In order to mediate some of the
environmental impacts associated with animal aquaculture, such as eutrophication from excess
nutrients, the spread of disease, a®ll as improving farm output from a given area, seaweeds are
being integrated into traditional animal aquaculture operations. The practice #&rroing multiple
aguaculture species in close proximity is known as integrated multitrophic aquaculture )(BMdA
provides numerous benefits through the interconnection of species. The IMTA model prioritises
cultivating species whose products (inorganic and organic) of one species are up taken by another to
serve as an energy source. As such, the need for thian of costly fertilisers to promote seaweed
growth is reduced and profit is increased sustainably through seaweed biomass growth.

Several studies have assessed the effect fish aquaculture effluent and waste products has on the
growth of macroalgae. Hse investigations found that seaweed biomass increased when cultivated
within existing fish farms. A study by Buschmann et al., (2008) demonstrated that seaweed grown in
close proximity to salmon aquaculture operations in combination with other filteddegin an IMTA
arrangement resulted in the uptake of, and absorbance of, organic and inorganic nutrients. Such an
arrangement reduces the environmental impact of salmon farming operations (Buschmann et al.,
2008).

Integrating macroalgae production intcurrent animal cultivation methods may also benefit farm

operations through bioremediation and other biological services. As macroalgae grow they uptake

excess nutrients from the water column providing a filtering effect improving overall water quality and
offsetting detrimental farm effects. Furthermore, macroalgae cultivation can offset environmental

impacts on land. Through their use as a fertiliser to improve soil condition and substituting synthetic
chemicals macroalgae can offset atmospheric emissidhs environmental benefits of macroalgae

aguaculture are therefore felt both at a local and global scale with the mitigation of eutrophication and
increased support of biodiversity acting |l ocally
globally With this in consideration aquaculture operations can make use of environmental tax
subsidies to improve their economic viability.

One of the greatest challenges with implementing IMTA into traditional single species aquaculture
operations is identifyig suitable seaweed species for culture. Typically, species high in
productivity/growth rates i.e. high nutrient uptake, high in economic value and that are relatively hardy
in regard to environmental conditions are most suitable for IMTA. By optimisimg éesign and
utilising data driven models combined with primary biological research seaweed species can be
selected for IMTA to optimise economic gain and environmental mediation.

By adopting IMTA practices, aquaculture operations have the ability toonbt reduce their

environmental impacts, but also gain economic benefit by diversifying products that can be
commercialised and brought to market. Figure 2 provides an example of an IMTA operation.
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Figure74. Schematic of an integrated muttophic aquaculture (IMTA) example of rainbow trout in a
polar circle cage, mussels on a SmartFarm TM longline and seaweed suspended on droppers on
longlines (Holdt & Edwards, 2014).

Cultivation of Ulvaintestinalis

Ulva sp. is used for cultivation worldwide for @ iumber of different applications. This group of
speciesis cultivated bothfree floatingin tanks and on ropes in open water. Experiences with Ulva
cultivation in Estonia are almost absent. Recently ended project was a first attempt for such cultivation
and using of the Ulva biomass to remove nutrients from-fisim effluents(TU EMI, 2021). During this
project the main aim was to study theossibilityof removing nutrients fronfish farmwastewvater
before entering back to the sea but as a side prodhetmaximum of 4% of gain in biomass daily was

achievedin successfuéxperiment (figure 3.). According to literature the biomass gain of Ulva in such
systems can reach up to 30 %/day.
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Figure75. Biomass gain in incubation tanks (% per/24h) during tkie tliitivation experiment carried
out in Kekndmme (NW Saaremaa island) in 2020. Each experiment lasiedetks. Experiments |
and Il failed because of overheating of the water in incubation tanks (TU EMI 2021).

The concentration of the nutrients testadas found to decrease throughout the mesocosm series.
Both Nitrite and Nitrate were observed to be up taken by the mesocosms containing the macroalgae
Ulva intestinalis when compared to the associated control. Urddeourablegrowth conditions U.
intestinalis demonstrated a significant increase in the uptake of both nitrate and nitrite resulting in a
decrease of 18.4% and 25.2% of the nutrients respectively when compared to the control series
(students ttest; p <0.05) (figure 4.). The phosphorous nutridata was found to have a large degree

of variability among the samples and due to this high variability, no significant difference between the
control series and macroalgal stocked series for these nutrients was observed. Overall, the system
demonstrateda high degree of nutrient removal efficiency, with up to 60% of both nitrate and nitrite
removed from the system and 60% of phosphate and 30% of phosphorous also removed relative to
concentration of nutrients measured in the trout mesocosm (Hall and Maagi).

page 76 of 98



—o—Ulva
=0 - Control

o4e@ A

A% NOx {pghiL)
A% PO, (mmakiL)

B =o=Uhva —o—Ulva
-0 - Contred =0 -Control

At NOZ {ug WL}
A% Plot-PO, (LgPIL)

4% Ntot [UV] (ughiL)
A% Fiot [UV] (saPiL)
2

3 5 9 12 o 3 5 9 12
Mescosm Chamber Mescosm Chamber

Figure 76 Change in the mean concentration of the nutrients (A= nitrite, B= nitrate, C= total nitrogen,
D= phosphate E= phosphorus and F= total phosphorus) as a percentage relative to the initial trout
stocked mesocosm across the mesocosm seflibe mesocosms ranked four, five and six in the Ulva
series were stocked with macroalgae. The control series contained no macroalgae. Error constructed
as =1 standard error (from Hall & Martin 2021).

Modelling Ulva growth potential for WHish farmcase

In our case we assume that we will be able to cultivate Ulva in the continuous flow of seawater coming
from fish farmbags and mussel farm bags. Mussel incubation bags will remove most of the suspended
solid and water entering Ulva bags will be saturatethw®Q and having high concentration of
nutrients. Water temperature will change with the season but we assume that farm will be located in
the area with deeper water (not in the archipelago area where the water temperature can reach 20+
during the summemonths). Temperature optimum for cultivation of Ulva should be in the range of
13-18 C (observation from TU EMI 2021). Temperatunigber and lower are considered as not
optimal.

Modelling result is presented in Table 1. So we consider cultivation airbietof volume 6154 fn
Optimum density of Ulva in such unit is 1,6 kg dw/his density will result in close to 10 tdyfy
weightof Ulva kept continuously in thenit. For aeration ad enabling circulation of algal material it is
needed to continuougl aerate the tank/bag so the vertical water circulation is created and algal mass
is equally exposed to the sunlight. It is assumed that nutrient ang &@®availablein optimum
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amounts (no limitation) and the productivity of biomass is estimated to H& per day for 3 months
and half of that for 5 months per year.

Key modelling observations;

1 Nutrient content of Ulva sp. 386 mg/g dw for nitrogen and 1;2,8 mg/g dw phosphorus was
used (Villares et al 1999).

1 Result showspprox.160 t of dry weighproduction ofUlva intestinalior the one season per
one tank/bag.

1 Amount of nutrients removed from the effluents by generating this biomass is close to 4,8 t of
nitrogen and 0,230 t of phosphorus.

Table 1. Results of productivity estimates for Ulvitivation in WHish farmsetup.

Calculation for 1 bag

density kg dw/m? 1.6
volume 6154
standing stock kg dw 9846.4
growth 1 day (10%) 984.64
growth 30 days 29539.2
growth 90 days (optimum) 88617.6

growth 150 days (50% o 73848

optimum)
growth per season kg dw 162465.6
growth per season kg ww 1624656

Figure 77 Productivity datdlva intestinalis
Possible restrictions:

1. biomass should be constantly harvested/removed from the incubation tank (at least once per
3 days 1/3 of the biomass shoute removed during optimum season)

2. Starting biomass or generation GO is needed to operate the incubtality. This can not be
harvested from the nature nor purchasedeparateon landfarmingfacility is needed.

3. This mass cultivation has not been @oin practice-so the development and testing stage is
needed beforaealife application.

page 78 of 98



Figure78. CultivatedUlva intestinalisat Keskndmme experimental farm in September of 2019.
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DTO DO list/ elements

Below is listed various TAODactionslt is important that WEM do spend time and allocate resources

for its strategic direction in evaluation the way forward. Our circular economy estimates are
conservative; in Norway there is approx. 3x land jobs per every fish farming produetfigmausd there

is approx. 300 tonnes productivity for each such staff. For our West Estonia estimates we have rather
kept it as job:job as 1:1 and a productivity as 100 tonnes peryean.

Inspection and visiting i.e. Norwegian fish platforms, and lekytfealth, licenses staff within the public
aguaculture department is considered to tsery valuable A suggestion could be to meet such public
staff first, then to visit thdish farms

A video meeting with the leader of the Danish sea based Open ndtfaouers will highlight valuable
elements too.

C Executive Summery TODO LIST

WestEstoniahas all options to

Adapt adn create Establish pilot
. DeFae 70mes Create best farming KE'EFI tricéluf guhl'n:: statiurl
Issue framing and sites with motivation  protocols and fizh farmi 'ulurtrll aquaponic-
licenses e —— fctors for  health regime from 'Em invite techncial
economy of q Agquaponic  MNorway- do not concept and R&D
s S integration  copy not allis waste partners, lease
perfect! techniques with option to
buy
Test, learn
Eduction and
sustainable
platform-
state of the

art
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C Executive Summery TODO LIST

Buy Egg, Exchange
vaccines, fish - D Best
feed pnlrn;lil:se :l.rr":h e Setup Howdie ustainable
. . seedli g region: sustainal
international hatchery and statlil::g aquaponic it edEatEn, fish farming
Do nat sprsnd smolt farms integrations farming technigues
time a knowlegde,
maoney University

C Executive Summery TODO LIST

Do NOT have ambitions that you shall do everything yourself- do not invent the wheel in 2021;

+ Strategical create a lean plan == establish 2-dx modern commercial fish farms and 2-3x aquaponic setup by
2025

+ Establish a central pilot R&D stations

+ Buy orlease everything you needin the start

+ Invite for JV and co-operations

+ |ssuefarming lilcenses andfact documentions that motivates private stakehaoldersto take action

+ Technical manufactorer, wind energy companies and secondary processing industryin Poland should all
have great interestinthe West Estonia potentials

+ Also local pelagicfishing company! shipyards

Figure 79 TO DO list.
Comments;

We consider that setting up a R&D station where science and practical farming and aguaponic activities
can share resources and knowledge is very important. A separatendod, meant for restricted
distribution related how to set it up, it stakeholders, how to create contributions (opex, labor, capex)
is part of this report.
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C Executive Summery —TO DO LIST Pilot test station

Suggestion of Pilottest station
+ Integrated with Universities within the Nordic/Balticregion
+ define exchange program for farming staff, education, hospitality, showthe Nordicregion all about
aquaponicintegration
* Invite commedcialfish farmers, feedfish producers, technical producers

Figure 80 TO DO list Pilot station.
Comments;

These floating units is owned and operated by ldogest private R&D copany in Norway, L&a AS,
www.letsea.no They are by far the largest owner and operator of floafisky bags

C Executive Summery — TO DO LIST International seminar

Promote West Estonia and arrange international seminar

: Invite strategical . v
factbased Fact based stakeholders; . uggest IV-
documents Iustrate what ’ International ;

Are :::,:T:;; Iieaf::-e internationl fish farn partnering

i : West Estonia

fluxes, yearly zone circular could be Secondary processir ot
quota, Water activity industry, fish feed, fi Gweshnuu et
Ad mmdﬂc,:ml stakeholder

\ Clearly statethat this is a pilot

stage-issueframing licensesfor a
test period of 5 years. Adjust if
required.

First movers will ahways have some benefits andwillalso have to sort out challenges- if you are not doing
anything- nothing will happen

— Look to Sweden, Finladn and Denmark sea farming trout Opennets
— Best position isto create an Estonia aquaponic seminar

Figure 81 International seminar.

Comments;

General facbased, English versionf the structure of the various elements to current circular coastal
economy is very valuabl@here potential stakeholders will see that there is a valuable structure today,
that they do not have to invent everything from scratch. List of company, welbsplgation and main
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activity will reduce the riskactors for an expansion phase. Private and public sector must be part of
such overview.

Create drafted, illustrations of areas where the public sedb consider to be the best aquaculture
zones. Licengeand biomass quota must not be 10@%alized but ranges could be shown i.e. 500.1
00 tonnes, 1502000 tonnes or > R00 tonnes All linked to flux quantity per kg fish produced.

More precise Water Act definition;

The definition of what is fish produdenust also be shown, is it the live harvested swimming biomass
or is it the harvested plus the round weight of the mortality? This will influence the total fluxes to sea.

The most important 6x TO DO elements;

C Executive Summery —Top6x TO DO LIST

WestEstoniahas all options to; priority

Mo 1 Recalculate flux quotas with and without aguaponic integration and
show the potential for 1500 , 2500 and 5 000 tonnes fish farms

Mo 3 Verify our observation in depth- also by practical field data and pilot
station- inspect and visit Norwegian fish platforms and manufacturers

]
Mo 3 Define yearly flux quotas for dedicated zones and si'Ks. Let the industry
define type of concepts and locations of interest- give them options

Mo & Define and create the farming possibility with neutral Tactbased,
fluxes and aguaponic integration, show the value chain, map all relevant
coastal activity as of today, update maps and zones

Create a fact based story

C Executive Summery- Top6x TO DO LIST

WestEstonia has all options to; priority

Mo 5 Establish a pilot public fish farm with R&D activity at the Islands, linked to
education, water chemistry, aquaponic guidelines, lease floating bag concept 6x
and 10x Open net cages from Morway in 5 yrs

Public and private companies can rent facility and pay for the lease cost
Define rules of open information and confidential information

Mo 6 Arrange a seminar, invite small and large investors, preference fish
farmers from Estonia, Baltic region and Morway/Scotland, wind-energy
companies

Have premade formats and application documents handed over at the
seminar
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Figure & Various TO DO elements.

ESummery of circular economy observations

C Executive summery Circular economy year 2030

Open net Landbased Enclosed Aquaponic circular Shipyard, servie,
farming 10 000 tonnes floating bag Emm.rrw "“'mm Integrated u:-im
20 000 tonnes 10 000 tonnes Seedling M.E line:;, Pelagic fishing
350 personnel 90 personnel 90 perpsonnel Mussel + algae styro boxes, lﬂsml:)"cal
=175 mEUR =L il 90mEUR Processing lines smnlt.“ I'ﬁi-feeﬂ. porcessing lines
2030;
Gross 40 000
tonnes
550 personnel
> 350 mEUR

Figure83 Gross circular observations.

. 2 1. Broodstock-egg
C Executive summery — Circular economy 2. smott
d ; 1 3 y 3. Transferto cages
Seedlinglocations Aquaponiclandbasedintegration 4. Growth
u_.z—__g.. Soom e 5. Slaughtering
Shellfish | ‘ R — 6. processing
' N\ Ii ::

12-24 months

Aquaponicenclosed bagintegraion Algae and mussel processing N ﬁ
e s ] o
- ;

Figure & lllustration of the potential integration elements for an aquaponic setup West Estonia.
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C Executive summery Fish biomass potential
sea area 100km x 10 km == 1 000 km2
Open net platform:;

With a distance of 125 km there should be room for; 20x sites each 5 km apart
10x site= (=mall fizh) and 10x sites (large fizh) =eperate generations

Generation harvest 10xa2 000 MT == sum 20 000 MT/generation == 7 mill smols
identify, learn and adjust minimum 20 m depth- rizk factor

On landfish tank platform;

First 1-2 large smolt plant locations, then 3x new

Then 4x ongrowing locations 4x a 2 500 MThyvearly == sum 10 000 MThHeear
ldentify, learn and adjust

Floating fish bag platform;

6x sites each 10x bags, each bag holding 200 MT at max generation harvest5x10 bags == 1 200 MT x 10= 12
000 MT/ generation - Identify, learn and adjust

Figure & Some criteria and fish farming biomasses.
Comments;

If Open netsdhave dimensions ad0m deep nets and a wish to have additional 10 m to the seabed
we are talking about location that have a gross depthi26fm Such location with good current could
be suitable, however the less depth under the cages normally thenessgal distribution of the
wastes. This may be negative in a longer perspective as organic wastes accumulated over time.

Other locations with larger depth will be even better, one could however rank and priorities such
current and dispersal capdity to the biomass per site or more accurate to a yearly flux quantity quota.
Should it turn out that these initial quotas was too large, well then one could adjust accordingly.
Opposite the other way round.

Moving further out from the coast West Estorshould be well suited tavith large farming licenses,

the sizes should be evaluated according to the waste and environmental impact. We stress here that
our suggested aquaponic units for enclosed lop of wastes is currently not dimensions for the weather
and ocean forces in the outer coastline. Significant wave heights to some of the manufacturer today is
said to be in the range of.2 m. There are however enclosed setup where largeitasikers and
Suezmax ships can be modified with enclosed bag arrangesmé/e are aware that such ideas do
exists, and one example is the current Chinese plans for exploiting Atlantic salmon in the Southern
ocean between China and Taiwan with a fleet of ships with prdtsietholdingunits. In this region

there are regulatyphoons that otherwise is considered to be a major risk factor.

A seond hand maxi ship could be considered for the more exposed West Estonia zone, or some of the
concrete enclosed fish farms also being developed in Norway and UK for time being coubé als
considered. These new concrete version is not being made yet. We strongly therefor suggest that West
Estonia address such potentials also to candidate within the-emetgy sector, se figure xx below.
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FPublic reportBaltic Sea, activities, conddns and environment

The characterization of the West Estonian region from an aquaculture perspective haddiaied
described2020:

Elvi !/ 1 [¢l w9 Lb 9{c¢hbL!b a!'wLb9 2!¢9w{Z | b59w][,
KOTTA, GEORG MARTIN, REDIK ESCHBAUMRTRABS, LIISI LEES, RISTO KAESAONIAN
MARINE INSTITUTE OF THE UNIVERSITY OF TARTU

Below is copied somef the information from thelisted Reportabove, however by goggle translate
that may beof interest;

Political guidelines promoting the growth ofj@aculture are outlined in the European Union's
sustainable development of aquaculture strategy of 2002. This strategy improved the environmental
impact, safety and quality of aquaculture products in the European Union (Communication from the
Commissionr- Progress Report on the Sustainable Development Strategy, SEC(2002) 511). Estonia has
good prerequisites (including fish, water and land resources) for the production of fishing and
aguaculture products. Companies in the fishing sector have-lmstgg tralitions, expertise and
experience in addition to implementing modern technological solutions and technologies for
production and environmentally friendly pisciculture. The Estonian aquaculture sector is currently
comprised almost entirely of pisciculturalternative trends that restore natural environments are
lacking. New, environmentally friendly aquaculture fields such as farming mussels and seaweed are
being introduced (Ministry of Rural Affairs 2020).

While piscicultures established in natural bodésvater increase nutrient strain on the environment,
mussel and seaweed farming are seen as a flagship of environmentally friendly economics in the
European Union as they remove nutrients from the sea environment (Kotta et al. 2020).

In 2018, Estonian a@eulture companies sold 944 tonnes of fish and crawfish worth 4.2 million euros.

The volume of aquaculture produce sold in 2018 was the highest of the past 25 years (Statistics Estonia
2019). Estonia has good prerequisites for producing aquaculturepréds accor ding t o t he
and Fisheries Devel opment Pl an to 2030 (Ministr
capacity of Estonian aquaculture companies has been estimated to be more than 4000 tonnes per year.
There has been a rise demand for fishery products in the European Union, and aquaculture is seen

as a potential solution to the rising demand for animal protein, taking into account that fishing and
aguaculture are one of the most effective ways of producing it. Marine watetesntially suitable for

aguaculture and the need to develop infrastructure are described in a study conducted by the Estonian
University of Life Sciences (2015). However, the underlying conditions for aquaculture have changed a

lot in the past five yeargsuch as laws and the ongoing spatial planning of Estonian maritime areas)

and new knowledge about cultivating aquaculture species has been gained. Creating a new overview

is essential for interest groups to be able to orientate themselves in the aquaedield.

The size of the Estonian marine area is approximately 36,500 km2 (i.e. almost 10% of the Baltic Sea),
of which the Exclusive Economic Zone takes upthitd, with an area of 11,300 km 2. The length of
the Estonian coastline (based on the bas&p, and including islands and islets)at015 km.

The marine area under Estonian jurisdiction lies in the nedht of the Baltic Sea and is comprised of
several large Baltic Sea basins that differ from one another greatly due to natural conditébnsraan

activity. These basins are the Gulf of Finland; the open part of the Western Isles; and the Gulf of Riga,
which includes the Vainameri strait located in the area of the weskstonian archipelago. Coastal
waters are divided into 16 coastal wateodies according to the Water Act. These bodies are divided
into six types of coastal waters based on their natural properties (Regulation no. 44 of the Minister of
the Environment) (Ministry of Environment 2019).
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| | Maritime borders |

The maritime boarder of Estonia.

Water temperature and salinityare important factors in determining the borders of distribution

for species characteristic -of t he ecosystem,
species and the relative abundance of species in their habitats. The safittity Estonian marine

area varies greatly between areas. In the open Baltic Sea, salinity can be as high as 10 g/kg, while
smaller bays have relatively fresh water. The salinity of a certain area does not vary much temporally

in general, with the variabn being no more than a few salinity units. Water temperature is usually
highest in Estonia’s coastal waters at the end of

The Baltic Sea is characterised by a phenomenon that is extremely important for aquaculture. Namely,

the BalticSea proper is stratified and is marked by both seasonal stratification (temperatised)

and constant stratification (based on the density of seawater, i.e. its salinity). Seasonal stratification
occurs in summer when the uppermost layer of water watms, ¢ r e a tni tmc§ waam ldyér.— 2 O
This | ayer can warm up to 20-25 degrees Cel sius.
degrees Celsius. This kind of stratification lasts for a few months until it is eradicated by autumn storms.
Stratification caused by the salinity of water masses is constant. This is expressed through the change

in the level of a number of physieelh e mi cal parameters at a depth of
water salinity (and thus density) rises sharply. The dnaxygen concentratiorcaused by this change

is of aquacultural and ecological importance. Oxygen concentration in the layer nearest to the seabed

is the most decisive indicator of the " health’ of

Eutrophicationis one of the biggest emanmental problems faced by the Baltic Sea. It is caused by
the accumulation of nutrients (mostly compounds of nitrogen and phosphorus) in the marine
environment. Both simple and complex phenomena can be caused by eutrophication, either within
singular comonents of an ecosystem or ecosystevide. Some can be positive for human society
(such as large secondary production, i.e. plankgating fish like Baltic herring and sprats developing
large biomass), but others can be negative (growth in primary préatuetalgal blooms, lack of oxygen

in the bottom layers of the sea and lessening of species variety).

2. Pisciculture and fishing
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A large part of Estoniapisciculture produce comes from freshwateagisciculture. Onecompany is
currently farming fish in seaages. Suitable water resources are necessary to develop freshwater
pisciculture. An appropriate location is necessary for surface water pisciculture, as the freshwater body
must be selfflowing, either through water pumps or damming. Thorough preparateork is
necessary to find the right location.

Estonia's only cage fishery is located in Tadalehr Veere. Cage fisheries were somewhat active near
Veere in Tagaldmear Veere and in the Kolga Bay in Salmistu in the 2000s. They were closed in the
secand half of the 2000s. The reasons behind these closures vary. Many of the fisheries were
established with the help of the European Maritime and Fisheries Fund but failed to meet the standards
set by the project (planning faults in buildings, incorrecticial plans, etc.).

The fish best suited to Estonian pisciculture is the rainbow trout. When establishing a fishery, it is
important to make sure that the marine area is deep enough and that the appropriate currents provide

the fishery with fresh water. fie fish can be farmed during ifeee periods, since ice and volatile

weather can destroy the cages. Estonia lacks deep marine areas protected from the wind (such as
Finland’s Al and |Islands). This must aésso be consi

Fishingt akes place throughout Estonia’s marine area,
Coastal and recreational fishing is intense in coastal areas and areas with a lower sea level. It is
recommended to utilise industrial fish stock im@anner that allows for a yield of similar size the

following year. Industrial trawl fishing (Baltic herring and sprat) takes place in marine areas deeper

than 20 m. Trawling is forbidden in shallower waters, as it damages the seabed and therefore affects
biodiversity.

4. Farming large seaweed

Large seaweed species are those with measurements larger than 2 cm. The Baltic Sea is home to over
550 species of large seaweed. The spread of such seaweed in the Baltic Sea is affected by salinity, the
existence of suitable substrate, openness and water transparency. Each species requires a certain set
of ecological factors in order to thrive. The seabed in Estonia's coastal sea is not diverse in plant species
due to low salinity. Up to 80 species of seaweed atidrtplants can be found in our waters. Around

20 of those species occur commonly. Some aquaculture technologies can help control and modify
environmental factors (such as substrate, the impact of waves, the concentration of nutrients and the
availability of light), but not all environmental parameters (e.g. salinity) can be controlled in this
manner. As such, it makes sense, in the context of aquaculture, to farm species already native to the
Baltic Sea.

Large seaweed is the most suitable for aquaculagé grows very quickly, uses up the most nutrients

and can compete with other species for resources
designs to control potenti al environment al press
large seaweed species native to the Estonian coastal sea, their economic potential and their ability to

offset environmental risks was compiled. The species of large seaweed with aquaculture potential are

Fucus vesiculospisurcellaria lumbricaliCladofora glomerataand Ulva intestinalisThe correlation

between environmental factors and the production of large seaweed was modelled based on these
species, and their potential growth rates in the Estonian marine area were estimated. In parts of the

Baltic Sea with lower salinity, including Estonia, seaweed culture has not yet become an economic
activity and the few experimental farms which have been constructed are still only in the development

phase. It is necessary to establish a few pilot seaweed arss@htarms in the Estonian marine area

to assess their economic effectiveness and their efficiency in removing nutrients from the marine
environment (assessing the number of nutrients extracted from the sea and the scope of the effect).

It is also necesswarto assess any negative effects such farms could have on the environment. Smaller,

more widely distributed farms a couple of hectares in size are preferable. Smaller farms produce higher

yields per unit of area, they can remove a larger amount of nutsiémtm the marine environment at
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the same investment rates as large farms and their potential negative impact on the environment is
smaller (University of Tart2019b).

The following is a description of the species of large seaweed best suited to aquadualtbe Baltic
Sea.Furcellariais native to the entire NortfAtlantic area and is a very common species in Estonian
waters. It appears in two forms: the most common is attackextellaria, which inhabits moderately

or completely open coastsatdepthEo 5-10 m on hard substr adyieg, whi
Furcellaria, which can only be found @eabedthat are hydrologically compatible (usually on soft
bottoms in archipelagos). In Estonia it is found most commonly in the Vainameri Strait &d i
industrially harvested in Kassari Bay. Furcellaria's natural spread is well documented and thus is able

e

to be modell ed. Furcellaria is a very sturdy spe

g/kg).

Its life cycle is complex and incksl several stages (Figures 4.1 and 4.2). Both sexual and asexual
reproduction have been noted in thiaurcellaria found in the more saline southern part of the Baltic
Sea. In the northern part of the Baltic Sea, only two methods of asexual reproductiorbbaxe
described: reproduction via tetraspes and fragmentation. Fragments of the seaweed thallus have
the ability to reattach themselves to substrates. However, these reproductive processes are in need of
further research. A number of studies have beendiwcted in Estonia in which duplication of both the
tetraspores and fragmentation reproduction methods have been attempted. These efforts have not
yet borne fruit as the seaweed has not attached itself to an artificial substrate.

Furcellaria is the onlydustrially used large seaweespecies in Estonia. Gelling polysaccharides are
manufactured from it. It is collected from beaches and trawled from the sea in the Vainameri Strait.
The first instance of this kind of collection can be traced back to thel&868s. According to statistics,
653.9 tonnes of seaweed was gathered from the
of Tartu 2019a).

Fucus vesiculosuis one of the most widespread species in the Baltic Sea. It is found throughout the

Vai

partsof t he sea where salinity is higher than 3-4

the euphotic zone. Fucus vesiculosus can be found in deeper marine areaButicafiaria. Fucus
vesiculosus has been known to grow in areas of the BaltiovBleararying hydrodynamic conditions
or water properties.

Its reproduction cycle is well documented, but complex. Fucus vesiculosus mainly reproduces sexually
(Figure 4.3). Artificial reproduction has only worked in very rare cases (Fordlund & Kaut8ky 201
Vegetative reproduction in fucus vesiculosus has been described in rare cases, mostly occurring under

experimental circumstances (Schagerstrom 2013). The seaweed also possesses very good regenerative

ability (e.g. after ice damage).

Ulva intestinalisis an aquaculture species with among the greatest potential due to its rapid increase

in growth. The species occupies a large part of the Baltic Sea and can also be found in fresh water. It
has a simple reproduction cycle (Figure 4.4). Farms growing fegshWliva are being established in
Germany, the Netherlands and various Asian countries. This species is better cultivated in containers
rather than open water, due to its delicate structure. Technological solutions in Estonia for cultivating
Ulvain containers are still in the testing phase. When growing, the plant does not need to be attached
to a substrate but can float freely in a water gauge. This property makes its cultivation a lot simpler.

The ' Tr eat me n tbasedfpiscoalture waiers wattelhhe cul tivation of
currently being conducted by the Estonian Marine Institute of the University of Tartu (end date: March
2021). Although this project is not aimed at the cultivationUd¥a the weed is still used as a test
species for removing nutrients from waste water originating from fisheries. Experiments conducted as
part of the project have achieved good results ddigawill likely be the species to help effectively
clean fisheries' waste water. More information regauglithe project can be found in Chapter 8.
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Macroalgae production/ harvest in West Estonia region

Currently, the only species of large seaweed industrially farmed in Estdruacsllaria lumbricalidt

is either collected from the shore or trawled from theabed. Esfgar AS is the only userkdrcellaria
lumbricalisseaweed in Estonia. The amount of seaweed collected and processed annually is around
1000 tonnes (wet weight). The yearly production of furcellaran has been on averagetbnes in

the reent years (Fisheries Information Centre & SakiConsult OU, 2018). Experiments with collecting
and processing other species have been undertaken (e.g. coll€etoug vesiculosus use it in
cosmetics and as food).

Based on the experience of neighbowg countries, big vessels are not used when maintaining
seaweed and mussel farms and collectingduce. Swedenses vessels with draughts of no more than

1.5 mto collect produce. Mussels are collected in 2 m3 bags, and only a small crane is neettstito un
them at the port. As such, seaweed and mussel farms do not require specialised solutions at ports and
most smaller ports can be used to service the farms.

Summery and status of the Water Act for aquaculture business

The Water Act (VeeS) is the mospntant actfor potentialaquaculture businesses to follow. A new
Water Act caménto effect in October 2019. The previous Water Act dated from 1994. An important
change to the act is that a pernig no longer needed for activities that pose wanger to the water
envirorment. Activities with limited impact need to be registered with the Environmental Board, but
this process is much simpler than applying for a permit for the special use of water. The definition of a
body of water is also spe@fi— sewage treatment plant lagoons, aquaculture lagoons and basins are
no longer treated as bodies of water.

On the basis of §131 section 2\#eSthe regulatioriWater protection requirements for aquaculture
and limit valuesfor pollutant concentrationof effluent water from aquaculture and requirements
for discharge of such water into BB OA LA SY i VR Y2VAG2NAY3I GKSNB2FQ |

The new Water Act treats water discharged from aquaculture as different from sewage. As such, a new
empowering provision was established for the regulation. This regulation provides changes in
determining the number of pollutants and assessing pollution costs inettemt that the limit of
pollutants allowed in the special use of water is exceeded. Previously, the number of pollutants in the
water discharged by fish farms was determined through an analysis conducted using water samples.
Pollution costs were calculateased on the difference between the indicators of incoming and
outgoing water of the fish farm and the Environmental Fee Act. The explanatory statement to the new
regulation outlines that a conceptual change has taken place: to determine the pollutiets lev
spreading into nature from aquaculture companiagwtrient-based calculation method will be used.

This approach will help to more effectively assess the amount of pollutants making their way from the
farm into the environment and thus assess the aopthe farm has on the environment. This will
improve the inspection of pollution sources and reduce the impact pollutants have on the
environment. This in turn will have an economic impact on owners of fisheries, as the method for
assessing the pollutasmounts necessary for calculating pollution costs will be changed. The goal of
this change is to encourage owners to use effective feed whose effect on the environment (i.e. the
amount of pollutants in the water exiting the fishery) is minimal effect foe énvironment (i.e. the
amount of pollutants in the water exiting the fishery) is minimal. This will also be beneficial to the
owners as they will be allowed to produce more while adhering to the same amount of pollutant load
(Ministry of the Environmein2020).

Sea aquaculture and aquaculture in public bodies of water

The following chapter provides an overview of permits and establishments instrumental to launching
marine aquaculture in public bodies of water, including cage fisheries in the ceaatdPublic bodies
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of water are listed in § 23 &feeS The chapter will also advise on the first steps towards procuring all
necessary permits, but the overview does not contain every detail.

GWind energy sector

We consider that a strategic well codsied plan to integrate wind energy licenses wigh farming
activity is

1 Combining two natural resources that actually share many similar tasks and conditions

T Need very much of the same “type” of service,

1 A careful planning of wid platform linked to fish and aquaponic platform is representing a

huge potential win-win

Aquaculture setups need kwh, oxygen and backup system

Feed storage, pumping and harvest services, also wellboat for smolt and shipping market sized

fish to processig plant

1 A ecofriendly sustainable profile, marketing and goodwill creating is considered to represent
huge potential of all stakeholders involved

T Criteria for issuing wind energy licenses should be considered where such partners also had to
offer time, resources for such integration potentials

E R

C Executive summery Example of circular industrial partnership

Example — wind-energy company

Synergies

Manpower- service operation
Kwh supply adnbackup
Oxygen

Fishfeed logistc and storage
Fishharvest andtransport

Vhwn e

West Estonia region could;

Grant Wind energy licensescombinedwith
aquaculture integration, ocean farming-win-win
situation
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C Executive summery Example of circular industrial partnership

Example - wind-energy company

REMEWABLE ENERGY

Van Oord acquiresstake in Estonian offshorewind farm
developer

Van Oord says it has become a shareholder inSaare' Wind
Energy, which is developing the Saaremaa offshore wind farm
in Estonia

on project Liivi laht' on Thursday, 22 April 2021, the following was
announced. @rsted has signedan MOLU with Enefit to deliver large
scale offshore wind in the Baltics. As part of this partnership Grsted
and Enefit intendto establish a JV lo develop opportunities including
the existing Liivi project it is not clear yet the % stake that Ersted will
take nor when this deal will be concluded.’

Estoniahas 34 offshorewind farm projects ofwhich none
currently operating, nonewhereconstruction has
progressed enough to connect the turbines and generate
electricity, none areinthe build phass, and 1 are either
consented or have applied for consent

Figure & Some Wineenergy illustrations.

H International fish framing information
Below is various elements that have important information elements.
We strongly advice stakeholders to read the Industry Riegpgearly public report made by the largest

salmon farming company Mowi ASAww.mowi.con). This is among the best objective summery of
major elements linked to marine protein, farming conditions, biomasses and fahakenges.

https://mowi.com/blog/annual -report-2020/
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lllustration of food conversionratio protein

Stagnant wild fishing catchesand growing aguaculture, source; MoowiAS Industry handbook 2020

2.4 Stagnating wild catch - growing aguaculture

P Tormes lives waioint [LW)
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. A guaculiure for human consurmption = Populafion rebosed

lllustration of food conversionratio protein

Carp, mollusks and crustacean’s dominant the seafood wvolume, a large proportion of total sea food velumes is cultivated.
Source MowiASAIndustry handbook 2020

Positioning of Salmon

2.6 Salmonids contribute 4.4% of global seafood supply

'}
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lllustration of food conversionratio protein
Farmed Atlantic salmen and large trout. Source Mowi ASAIndustry handbook 2020

Positionina of
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2.2 Salmoenids harvest 2019
= 2,00
c O I
X ’i
A
N i

lllustration of food conversionratio protein
Coastlines for Atlantic salmen production; Source MowiASA Industry handbook 2020

4.3 Few coastiines suitable for saimon farming
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lllustration of food conversionratio protein
Salmon fish feed; Source MowiASA Industry handbook 2020
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Potential industrial partners WestEstonia

7.1 Top 5-10 players of farmed Atlantic salmon 2019
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Investment situation Norway vs West Estonia — Fish farming

A & 200 MT gutted salmon 10.2 Capital retum analysis

production costs; Investments and payback time (Norway) - assumptions

License MEUR 60
Capex MEUR 5

Inventory costof biomass,
4,2 mill kg gutted xEUR
5,00/kg = 21 MEUR

Total invested first
generation; MEUR 87

West Estonia total
investment MEUR 26

Cost avoidance MEUR 60,
over 20yrs=> MEUR 3/fyr

Source: Mowi Industry handbook 2020
e

Farming license regime

Due to biological constraints, seawater temperature requirements and other
natural constraints, farmed salmon is only produced in Norway, Chile, Scotiand,
the Faroe Islands, Ireland, Iceland, Canada, USA, Tasmania and New Zealand.

Atlantic salmon farming began on an experimental level in the 1960s and
evolved into an industry in Norway in the 1980s and in Chile in the 1990s.

In all saimon-producing regions, the relevant cuthorities have a licensing
regime in place. In order to operate a salmon farm, a licence is the key
prerequisite. Such licences restrict the maximum production for each company
and the industry as a whole. The licence regime varies across jurisdictions.

Source: Mowi Industry handbock 2020
T ——————————————————————————_——
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Secondary processing fish farming — Poland/Denmark 250 000
MT- 55 trucks or 55 000 boxes(18kg) per day Seurce:Mowiindusiry handbook 2020

In processang we dishnguish beéhvween pnmary and secondary proCcessng.

Primary processing is slaughtering and gutting. This is the point in the value
chain at which standard price indexes for farmed salmon are set,

Secondary processing is filleting, fillet timming, portioning, producing different
fresh cuts, smoking. marinating or breading. Depending on the setup of the
processing plant, products are fresh packed with Modified Atmosphere [MAP),
vacuum packed or frozen and stored for distribution.

PFroducts that have been secondary processed are called volue-odded
products (VAP), as they represent an addiional value fo the retoler and
foodservice operator but most of all to the final consumer,

2018
Folen I
Danman: I
Fravkrke I
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Mederang I
25000 50000 TE 000 100 000 125000 150000 178
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Farmed volume and price fresh rainbow trout Norway 2019-21

MNorway export rainbow trout volume- 85 000 MT/yr MNorway export price fresh gutted in box NOK/ kg
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Source: Akvafakta.no
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