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EXECUTIVE SUMMARY

This deliverableeflectsof aspecificsubset of technological challenges with regard torthdti-use and cdoca-
tion aspects in the maritime domaifithe UNITED pilatShese are presented here as the design and construction
plars. Challenges requirements, solutions andnsolvedissues areeported acrossdifferent themes. These

themes are

1 monitoring and docking systems
1 mooring and deployment design
1 management systems

Mutual challenges between pilots are the long distarftshore and associated rough sea and weather conditions
These have specific implications for thquirements ofmonitoringequipment mooringanddeployment design

and management systemBhepilotsthat have an aquaculture componeutch, GermarBelianand Greek

require remote data access and power supply and a robust aquaculture system that can withstand rough condi-
tions.The tourismoriented pilot¢Danish and Greekpvedesign and construction platisat are focused omon-

itoring andmanagement systenas both pilots operate in a@ndividuallyexisting platformEven though we focus

on multiuse and cdocation,note thatsome pilots operate in an already existent infrastructure (e.g. a wind farm).
We abstairfrom presenting construain and design plans of these single aspects but have rather focused on

the requirements of additional functionalitieShapter 3 provides a summary table of challenges, requirements
and solutions for each pilot.

Pageb of 53 Deliverable 2.2



lll"_'-:l"lﬂy This Project has received funding from uropean
UNI=\¢/

and Innovation Programme under Grant Agreement no 862915

TABLE OF CONTEN TS

1. INTRODUCTION s ettt e 7
1.1. Background ...t e eee e e 7
1.2, ODJECHVE oot e e 7
1.3. MethOdOIOQY oo iiiis e e ————— 7
1.4. REEIENCES oo e e 8

2. PI LOTO6S DESI| GRONSRNOIOB PLANS ..., 9
2.1, The German Pilot ..o e eeee e 9

2.1.1. MONITORING AND DOCKING SYSTEMS........coo oot e e s e 9
2.1.2. DEPLOYMENDESIGN AND MOORING SYSTEMS........coo i e e 13
2.1.3. MANAGEMENT SYSTEIMS ...t iceiieeieomemeemeremeeeeereeereeereesammm eeteeeeeeeeeesseeseeessmmmm seeeseeeseeeseeeeeseeeesmms 19
2.2, The DUICh PilOt .o e e 22
2.21. MONITORING SYSTEMS.......ooioeiiimiiiiamimeeeiieeeeeereeereeereees amemeseeesteeaeeaaaeaaaeeseemmteasaeesaaassanssassanssmmmns 22
2.2.2. DEPLOYMENT DESIGN AND MOORING SYSTEMS.........coo e e 23
2.2.3. MANAGEMENT SYSTEMS ...t icmiimeiecmemeemeremereeereeereeeeeesmmmm ceeteeeeeeeeeesseeseeessmmmm saeeseeeseeeseeeeeeeseesmms 27
2.3.  TheBelgian pilot  iiiiiiiiiis e e 28
2.3.1. MONITORING SYSTEMS.......ooieiiimiieeamcmeeeiieereeereeereeereeesamem et eeesereaeeaaaeaaaeeseemmteataeaaeaassaassassanssmmmns 28
2.3.2. DEPLOYMENT DESIGNMRNDRING SYSTEMS........coo it e s 33
2.3.3.  MANAGEMENT SYSTEMS ...t iceiimeieamemeemeremeeeeereeereeereesamm eeteeeeeeeeeesseeseeessmmmm taeeseeeseeeseseeeseeeesmms 35
2.4, The Danish Pilot s e e 36
2.4.1. MONITORING AND DOCKINGEBRS.........coooeiieeieieiee e e mmm s s e e 36
2.42. DEPLOYMENT AND MOORING SYSTEMS...... .o tiememremrmmremmem e eeseeeseneeeeeeeeee e e s eeerees 37
2.4.3. MANAGEMENT SYSTEIMS ... iceiiceitcmemeemememereeereeerreereesmmmn eeteeeereaeeeeeeeseeessmmmm taeeseeeseeeseseseseseesmms 37
2.5, The Greek PilOot i iiiies e e 39
2.5.1. MONITORING AND DOCKING BMSSTE.........cciiiiiieiee e s s e s e e 39
2.5.2. DEPLOYMENT DESIGN AND MOORING SYSTEMS.........coo e e 41
2.5.3. MANAGEMENT SYSTEMS ..ot icmiimeeeomemeemeremeeeeereeereeereesmmm eeseeeeeeeeeeseeesseessmmm taeeseeeseeeseeaeeseeeesmns 43

3. CONCLUSIONS AND RECO MMENDATIONS ..., 48
3.1 Monitoring and Docking SYSIEMS i e 48
3.2. Deployment design and mooring SYStems . e 50
3.3. Management SYSIEMS oo e aeveeeeeee 51

Pageb of 53 Deliverable 2.2



)3
l|b"_=l"11 This Project has received funding from -European
UNI=\¢/

and Innovation Programme under Grant Agreement no 862915

1. INTRODUCTION

1.1. Background

UNITEnablesthe largescale installation of the multises of marine space through the development of pilots

in marine environmentslaborating orfive differentpillars:technology regulatory, econom social and environ-

ment. Optimal multiuse concepts and docation activies will be implemented in close cooperation of local
stakeholders and industrial actors. UNITED will enhance the technology readiness level of the technology validated
in arelevant environment (TRL5) to demonstration in an operational state (TRL @tpddifficulties and of-

fering solutions at the five pillars to promote the economic benefits for key industrial actors, highlighting the sec-
tors renewable energy, aquaculture, and tourism.

Based on identified promisirdesigrs and tackledregulatory and technological barriers for Mlige platforms
and/or CeLocation at platforms (MUCL) from previously funded projects, UNITED will enhance on the five pilots
across the North Sea, the Baltic and the Mediterranieaolving industrial actomnd integrating the knowledge,
technologies and facilities, in mulse platforms and/or céocation of different activities in a marine space. The
five pilots exhibit a wide range of dynamic conditions in different regional seas and demonstrate fiits, bene
challengesand riskf different combinations of marine activities. UNITED elaborates on the ecasituraton

and benefit of combining activities for renewable energy (wind and solar), aquaculturesbiaces, environ-
mental restoration (oystdveds restoration), maritime transport, and tourism services, in the same marine space.
This is achieved lideveloping monitoring solutions suitable for offshore MU operationsrammdasing thi effi-
ciency ; dividing and reducing the costs of offshoreratfins and the demand on space; and expanding and
enhancing previously developed business models to redusdaisperators and investors.

WR2 (Technologwyill address the technological requirements of the pilots to achHeashbility ofmulti-use po-

duction sites, building on the findings from WP1. The enhancements to observational and automated networks
within the existing pilots will be designed in WP2 in order to allow for an integrated system which collects, pro-
cesses, and stores information framange of sensors, thereby enhancing operational aspects ofuselplat-

forms and space.

For MUCL therés a special subset of technological challenges in tHeaaiion and ceuse of maritime space.

Such challenges include the need for specialized monitoring equipment witiHfunationality i.e. capturing a

wide spectrum of variablegquired to evaluate ahmanage multiple ctocated uses which are not traditionally
integratedwhile alsoadapt the equipment to the specific conditions of an offshore location, such as severely
limited accessibilityin this reporf the monitoring, mooring, docking, and managat systems of the marine
platforms will beexplained including the optimizations that were needexicarry out the MUCL activitiesd

have been achieved in the UNITED proj€btsreport is established icdlose collaboration with each of the pilots

in order to precisely and effectively combine the platform and special requirements with the available technolo-
gies and infrastructure to be implemented at the pilot.

1.2. Objective

The aim of this report is to dett and disseminatthe design and construction plans for the yupeerational
phases of the pilot#lsq crosslinks will be made betwedhe pilots in case gdarallel oroverlapping activities,
to generate the generic lessons that we can léathe unique situatiorof multiple pilots in one project.

1.3. Methodology

Eachpilot documens challenges, specific reqaments and solutions for the following three technological pil-
lars:

1 Monitoringand docking systems
1 Deployment design and mooriggstems
1 Management systems
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Chapter 2 describabe main characteristics of these three technological pillars per pifig information has
been provided directly by the pilot coordinators. It is noted thatiiilformation which is available up fdo-
vember 2021just before the deadline of this deliverable.

Chapter Jeports the generic lessons that can be learned from the indivaduratibutions of the pilots reported
in Chapter 2and is categorized as follows:

1 Challengeg&ientified from previous deliverables/meetings and updated by pilots
1 Specifieequirementsneededto overcome challenges
1 Design and construction plahsolutions / in case not solveaihsolved problems

1.4. References

The information described in this m@pis based on direct contributions from the pilatsd releson and feed to
a number of other UNITED project deliverabldse mosrelevant deliverablesthat have been usedas a basis
for the preparation o thisreport are the following:

1 D7.1: Review of pilot TRL, legal aspects, technical solutions and risks
This delierable contains astate-of-the art desciption ofthe plannedoffshore activitiesn each of the
project@ pilots,includingaquaculture, energy productiorand tourism Technicalsocietaleconomic
environmentaknd legal aspects will be considered.

1 D7.2: Blueprint for the offshore site operation
This deliverable contains a bluepriitthe offshore activitigsbuildngon the $ate-of-the-art reviewin
D7.1. Also in this reportechnical societaleconomic environmentabnd legal aspects will be consid-
ered
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2.PI LOTO6S DESI GONSRNOINOS PLANS

2.1. The German Pilot

The German pil@ éffshore site is located at research platform FINO3 in the Nortf88dan west of th&er-
manisland Sylhalf a sea mile away frothe threewind parls Butendiek, DanTysk and Sandbéfigure X)This

pilot demonstrates the muliise combination of offshore windsearch seaweed and mussel aquaculture. Two

of the core challenges for the design and construction are 1) the long @istantthe coast (80km); 2) the

rough North Sea conditions with maximum wave heights reaching 9 m eveanygem in the 1§earperiod

These two pose challenges on design and construction aspects of the pilot stress the need for solutions for the
spedfic multtuse combination of the German pil&indings and solutionill be discussed according to the fol-
lowing core themes: monitoring and docking systems, mooring and design systems and management systems.

Figure 1 Location of the German Pilot in the North Sea, Germany

2.1.1.MONITORING AND DOCKING SYSTEMS
Challenges

The following challenges regarding the monitoring and docking system have been addressed in previous deliver-
ables (e.g. D1.1, D7.2). Here the outpuhefinterim development of the German Pilot are presented as plans
and solutions.

1 Automation of remote data recording (D1.1)

1 Requiring minimal automated maintenance of aquaculture (D1.1)

1 Damage due to adverse weather conditions (D1.1)

1 Common data collectivand dashboard solution (pilot alignment meeting)

Remote monitoring is based on a reliable and functional technical equipment. These requirements become even
more important in very exposed offshore locations like the German pilot offshore site. Mairgemahopera-
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tion of these systems is very costly and difficult to achieve giegelepend on very rare suitable weather con-
ditions. Thereforgthe challenge is to work out a design, setup and management for an offshore operation that
provides a high chardor as much automatization of remote data recording as possible.

The aquaculture part of the pilot is facing the same challenges due to the same reasons.

A sophisticated risk analys@as conducted tinvestigatethe most important challengg®1.1) The most criti-
cal challenge for material, cultured species and especially technical monitoring systems are the harsh weather
conditions in remote exposed environments.

The development of a common data collection and dashboard solution to provide tacitesdata collected of
five pilots is another challenge and part of the monitoring plan.

The resulting specific requirements and construction plans including solutions are presented in the following
paragraph.

Specific requirements

I Realtime dataaccess for the most critical parameters and monitoring devices is a must to tackle the
abovementioned challenges. An intensive research for sensors suitable for these specific conditions
affordableand delivered in time despite the collapsed retail mhaias a timeconsuming and manda-
tory task.

1 Energy supply and energy consumption have to be on a level to allow maintenance routines of approxi-
mately every three months or until decommissioning.

1 Materials have to be compatible with each other (espediiffigrent metals) to avoid chemical reac-

tions between them.

Anti-fouling measuressuitable for the production of food for human consumptioave to be found.

Staff has to be experienced and trained to operate and maintain not only the offahititees but also

the associated onshore equipment (e.g. enough data storage of 1 appoation and adaption of

Y2YAG2NRAY3I SldZALIYSY(d> &aLI NB LI NIaAZ X0

1 ¢KS OFtOdzZ FdA2yad YR aAiAvydzZ I GA2ya F2N) G§KS €I |j dzZ Odz

How these requirements can be met to provide a functioning monitoring process is described in the next chap-
ter.

= =

Design and construction plans

I The reatime data transmission of sensors installed directly athsselsystemis using a LoRaWan
system located and maintained at the offshore research platform FINO3 (Fig 1).

9 All possible sensors on the lander will be connected via sea cable to transfer the data to a server based
on FINO3 and to supply them with energy. Power Isuipgensured by three redundant generators on
the FINO3 platform.

1 The AquaTroll sensor was selected by the German, Dutch and Greek pilot to harmonize the monitoring
of essentiahydrologicaparameters.

I To ensure the monitoring of important parametersazlkup monitoring system has been developed.
Additional comparable cheap sensors will be attached directly on the aquaculture systems. A compro-
mise was met between quality of sensors and duostthis backup optionThus an AquaReal buoy will
be set upat the mussel net and send data to a receiver at the FINO3 platform. The data buoy
equipped with solar panels for power supply. HOBO light loggeastached directly to the mussel net
as another backup solution if other sensors or data transmissitensyfail. These loggers will meas-
ure light and water temperature in a fixed interval. To retrieve the data, the loggers need to be read out
individually via Bluetooth during maintenance trips or afezommissioningThe battery life will last
for more han two years. Furthermore, a handheld multiparameter probe from Haovitiah deter-
mines the most critical parameters can be used if data transfer does not function properly. With the

Pagel0of 53 Deliverable 2.2
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Horiba device engineers on the FINO3 tower can measure directly feopfatform since the device is
equipped with a 30m cable.

WEB-Cam

Seg.
(Dat. Cabla
Transfer + Pﬂwer Supp

Satellite Connection

Onshore

NO3-5ensor

AgquaReal

HOBO-Loggers
Lameras

Figure 2 Set-up for the monitoring data transfer solutions and backup of the German Pilot at the offshore plat-
form FINO3, North Sea, Germany. The symbol at the data buoy represents solar energy as enerqy supply

Cameras attached to the aquaculture systems will monitor the development of the cultured species but also the
interactionof the structurewith the environment. It was decided not to take any videos to maximize the needed
maintenance trips for replacing tberies and SD cards. A detailestup modewvas develope@n how many pic-

tures at which light conditions can serve to answer the questions without draining the batteries before the
planned maintenance schedule (appr. every three mg)nth
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Figure 3 Webcam screenshot of the aquaculture area at FINO3, North Sea before installation (wave height ~4 -

5m)

In addition, a webcam is installatithe FINO3 tower to monitor the aquaculture area 24/7(Fi@yrén case of

ur opean

any damage, loss efjuipment or unauthorized access to the area, countermeasures can be taken immediately.
The developed transmission capabilities on FINO3 provides the option to inspect the pilot site live, at any time of
day and in any weather condition, despite its ptajsgolation.

Table 1 Overview of selected monitoring equipment, monitored parameters and data transmission option at the

German pilot located at the offshore platform FINO3, North Sea, Germany

Combined AML Ocean-| ° AML6 conductivity; Continuously;
CTD and O2| ographic ° X2 series inter- water temperature; remote moni-
Sensor changeable sensory water depth; toring solution
turbidity;
dissolved oxygen;
PAR light intensity
Fluoro Sen- | bbe FluoroProbe ChlorophyHa, Continuously;
sor Moldaenke algae classification, remote moni-
temperature toring solution
Echosoundelq Kongsberg | ° Simrad WBAT pictures[echograms] continuously

(Wideband Auton-
omous Transceiver)
° Simrad ES200
7CDK (split beam
transducer)
° Simrad ES333
7CDK (split beam
transducer)

(growth of mussels and
seaweed and existence/
impact on marine fauna)

remote moni-
toring solution
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ADCP Nortek AS Signature500 waveheight,-length,- Continuously;
period,-direction; remote moni-
currentspeed.-direction, | toring solution
-profile;
water depth;
tilting;
orientation (compass)
NO3 Sensor | TriOs TriOsOPUS 10mm | NO3 Continuously;
path remote moni-
toring solution
multiparam- | Horiba Horiba U52(30m) | pH; manual meas-
eter - oxidation reduction po- | urements
handheld tential (ORP); whenever pos-
sensor dissolved oxygen; sible at FINO3
conductivity;
salinity;
total dissolved solids;
water temperature;
turbidity
HOBO Log- | HOBO HOBO MX2202 Water temperature; Continuously;
ger light viaBluetooth
at mainte-
nance trips
Camera GRALmarine| SLR Camera Photos; Continuously;
water temperature manual ex-
change of SD
cards
WEBCam Hikvision Hikvision DS photos; Continuously;
2DE3204\WDE(B) IR videos remote moni-
PTZ toring solution
GPods(Por- Acoustic monitoring of | Continously,
poise Click harbour porsoises manual ex-
Detector3 change of SD

cards and bat-
teries

2.1.2.DEPLOYMENDESIGIRND MOORING SYSTEMS

The challenges for a secure mooring solution and deployment at such an exposed offsfasd¢hat&erman

pilot, are manifold This deliverable will address the most important ones as there are

Challenges

= =4 -4 -8 -

Damage due to extreme environmental conditions (D1.1)
Anchoring& mooring
Buoyancy design
Biofouling

Harbour porpoise monitoring
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Specific requirements
1 Damage due to extreme environmental conditions

4 The whole deployment procedure mustlanned in such a way that the time offshoragsshort
as possible to be able to use short mild weather conditions (max. a few hours) and to$tsegs
low as possible.

4 All steps of the deployment must be tested and staff trained to enable a safe and smooth proce-
dure offshore.

4 The mooring for the seaweed and mussel systems has to withst&apdaaextreme event of dif-
ferent combinations of waveeight and current.

4 The deployment procedure has to be compatible with the legal requirements for a licence.
4 In the event of failure, the systems must not affect the ease and safety of marine traffic.
4 Other usage within the offshore site and the openatid the FINO 3 platform itself as well as the

wind parksnearby must not be affected by the German Pilot.
1  Anchoring& mooring

4 Mooring has to be affordable, state of the art and suitable to be installed maximum within a few
hours.

The mooring solutions ust be easy to install and deinstall with standard tow ship equipment.
The anchoring and mooring solution masmply with thdicencespecification®f the Federal
Agencies.

4 The mooring systems must pass plausibility chetisimulationsof an indepedent engineering
office and fulfil different international safety codes.

A~ b

I Buoyancy design

4 The weight of the nets will increase duebtomasgrowth. Theseaweedandmusselsystem must
provide enough buoyancy material to keep it at a definite water depth during the whole operation
period preferablewithout the need of attaching extra buolgs limit theoffshore maintenance
time. Furthermore, the systems must be equippedwitfficient buoys without causing strong
"shaking movements" due to waves.

1 Biofouling

4 Biofouling on sensors and camecascauseextreme intensivenaintenance. State of the art and
tested antifouling measures must be applied to keep the intervals betmaertenance trips as
long as possible and the maintenance trips itself as short as possible to save costs.

4 The biofouling materidlasto fulfil the legal requirements for the production of food for human
consumption

I Harbour porpoise monitoring

4 Due to restrictions from the Federal Maritime and Hydrographic Agency (BSH) it is necessary to
monitor the occurrence and frequency of harbour porpsaethe German Pilot site withPODS
The GPODs must be maintained in an interval of at least two montiesefore, the devices must
be attached to the systems in such a way that they can be picked up and read quickly and easily
during maintenance trips.

1 GPOD(CetacearPorpoise Detectors) are independent floating devices for the study of harbor porpoises (Pho-
coenidae). The devices record, process, and store the click sounds of porpoises with acoustic sensors.

Pagel4 of 53 Deliverable 2.2
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Design and construction plans
1 Damage due to extreme environmental conditions

The suitability of mooring designs, materials and deployment procedures for the extreme condi-
tions cannot be tested at the nearshore site as it is situated in the Baltic Sea with lower wave
heights and less currerilence the equipment was tested for gbssible and reasonable parame-
ters andhasbeen adapted to withstand the offshore conditions at the FIBi@3

Simulations of theeaweedand musseisystemby Uhiversity ofGhent (only Seaweed) ahdlo ex-
ternal compareshave shown, that the maximum dgsiloads will not exceed the chosen material
braking loads. Both systems have been simulated fory@&@eturn event.

The table below shows an excegbthe simulation results for the mooring chaof each system
(Table 1 and Figure 3)

Both systems are designed in such a way that only onelinkakll break in case of failure (Figure
4). In such a case it will float in the water like a flag without drifting into the neighbouring wind
parks. The load on the remaining linkhien signifcantly reduced since the system is no longer un-
RSNJ iSyairzy odzi aFNBSteé¢ RNATFTOAYyID

Table 2 Excerpt from the simulation results for the seaweed - and mussetsystem of the German pilot for the off-

shore site FINO3, North Sea, Germany

SEEVCE I Scottish Standard 48 mm | 127939 22152 127377 1.0
System Moor-
ABS Operating ing 44305 0.35
Chain
ABS Survival 23260 0.18
DNVGL (NeRedundant) 46941 0.37
WISSESIYAR Scottish Standard 19 mm 44000 11034 380.69 0.87
tem Moor-
ABS Operating ing 22069 0.5
Chain
ABS Survival 11586 0.26
DNVGL (NoeRedundant) 23917 0.54

Figure 4 Snapshot of simulation for seaweed-system (left) and musselsystem (right) during 50y ear return event
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Figure 5 Sketch of weak links (red marks) of seaweed-system (ftop) and mussetsystem (bottom) of the German
pilot

1 Anchoring& mooring

4 Different anchoring types are possible from a technical point of view. For example, screw anchors,
heavyweight anchors or small monopiles could be used to hold the system in place. All these types
have in common that they are relativéhexpensive to purchase but due to their nature of size or
installation procedure the consequential costs for installation and handling are very high. Further-
more, special equipment and/or staff is needed to install screw anchors or monopiles. Even though
screw anchors or monopiles are the way forward for large scale aquaculture farms in our case they
are not affordable and bring too many riskse to dependencies déirther third-party suppliers
during a worldwide pandemic.

4 After long research for afforthée equipment and with thelose exchangef the DutchPilot both
systems of the German Pilot have been designed with a combination efrdriagrs and heavy
weight anchors. Naturally dragnchors are expensive when purchasing them, but since the sys-
tems will be installed for a short period of time only, rental of the anchors walsetter solution.

4 Solutions and plans to fulfil the specific requiremeptsased SS | 62 @S dzy RSNJ a5 YI 3§
GNBYS SYy@ANRYYSyYyidlt O2yRAGAZ2Yyatcd

1 Buoyancy design

4 To keepboth systems (seaweed and mussel) floating during the whole growth period it was de-
cided to build the systems with sufficient buoyancy including a reserve for extreme growth and bio-
fouling. Naturally, the extreme uplift at the beginning of the season veauise the systems to
bounce up and down in the waves in a quite turbulent manner. Therefore, the buoys were de-
signed as spar buoys, as they react very slowly to wave movements and thus the wave movement is
transmitted to the actual carrier system in a dsed form.

4 With a webcam on the FINO 3 platform transmitting 24/7 it is possible to identify damage or loss
of buoys and repair/or maintenance trips can be planned immediately. Furthermore, the FINO 3
engineers will frequently check the aquaculture sitid Wwinoculars when working offshore.

1 Biofouling
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An intensive literature research and exchange with other offshore projects resultecchoden

solution for antifouling. Wipers turned out to be the most reliable and effective option to extend
maintenane intervals on cameri@gnses and sensors (Figurelf)2020 and 2021 longrm tests

of different antifouling measurdsr both lenses and housifmgve been conducted at the near-

shore site to find the most effective type which fulfils the specific reaueings stated above. The

LINE RdzOG &a! 0A2 0! O2NNRA&A HAHMO aK2g ORocaela 0S4l
and sensor housings to shorten cleaning times at the offshore site (Figure. 6).

Figure 6 Underwater camera with wiper on the lens (left) and NO3 -Sensor with wiper at the measuring device
(right)

Figure 7 Test plates with non-biocide coating (Abio) after two months at the nearshore site (only the three white
squares have been coded, the carrier plate was not coated)

1 Harbour porpoise monitoring

Several ideas have been intensively discussed how to attacHR@®E either directly at the sub-
merged aquaculture systems, or at the mooring of the buelich are marking the aquacuteu
area.
Usually €PODs are installed with armdividualmooring systennwhich is attached to a bigger moor-
ing system of marking buoyga ground lineln our case the given space at the site at FINO 3 is
limited due to the boarders of theafetyzones and due to other projects around the FINO 3 plat-
form (multruse area).
Several ideas have been developed, all with advantages and disadvah&es (

1. Attachment with a kind of bottle hoist to the marker buoys for easy recovery fromatalind

boat

2. Fixed attachment to the mooring line of the marker buoys
3. Fixed attachment to the backbones of #eaweed and musselsystem
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Table 3 Overview of different options of C-POD moorings at the German pilot, FINO3, North Sea, Germany

1 Can be installed to ' Additionaimate- Marker Buy
the existing moor- rial/equipment for at-
ing system tachment is necessary I
1 Canmaybe lifted by 1 Probably becomes en-| ~ ~— —
hand from an in- tangled due tdidal
flatable boat changes o
0 Inthis case thq
whole buoy
(6m length)
and mooring
incl. 600kg -
deadweight
anchor needs
to be lifted to Mosaing ine
recover the €
PODs

Concreteweight [500kg)

f Can be installed to i For each maintenance|  warersuoy
the existing moor- action the whole buoy )
ing system (6m length) and moor- -

1 No further mate- ing incl. 600kg - ~—

deadweight anchor

rial/equipment is ,
needs to be lifted

needed to attach
the GPODs

Mopring line -

Conorete welght (B00kg)
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1 Can be installed to

M No further mate-

1 GPODs are relatively
close to the noise of
mooring chains ddea-
weed andmusselsys-
tem

the existing moor-
ing system

rial/lequipment is

needed to attach 1 Maintenance ship

the GPODs needs to lift part of the
seaweed andmussel
system

4

The final solution still needs be found/decided together with the vessel supplier who will retrieve
the GPODs.

2.1.3.MANAGEMENT SYSTEMS

Challenges

The challenges of developing a practical management system for an exposed offshore site in harsh conditions
used by different otheparties are constantly changing with new users at the site and long licencing procedures

are:

f
f

Develop specific detailedstallationschedules
Find suitablenistallation procedures (including a checklist with key points and excerpt of an installation

mantal)
1 Respond todst minute restrictions
I Access and organiziéesdependent seaweed yield

Theseneeded to be discussed between all parties involved and regularly updated.

Specific requirements

M Installationschedules

4

One major difficulty is to find a weather window with very low wave heights for the installation. For
the installation of théanderdivers are required that can only operate with a wave height below

1m and onlyduringthe backwater period. All materialadispecific preparatory works must be in-
tegrated into the schedule individually for each component. All single steps must therefore be well
coordinated in terms of time. Some examples are: The customised seaweed net has to be prepared
and delivered beforéhe seaweed seedlings are ready to be applied to the net. There is only a

short time slot between the date when the seaweed reaches the sthge it musieave the

hatchery, to prepare the glue to seed the net and to find a suitable and stable weatHewfor

the installation of the seeded seaweed net. At the same time all experts involved have to be on
stand by and available.

9 Installation procedures

4

Manuals and procedures have to &tep-by-step guides and should be easy to understanever
rybody to avoid misunderstandings between strigw, divers and client and substitut&sveral
meetings with all involved persons, ship creaghniciansbiologistandsuppliersare needed to
agree on one procedure which considers all requirements.

9 Last minute restrictions
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4 Due to the nature of the approval process at the BSH, the entire design had to be ready before the
application was submitted, which resulted in requirements that had to be implemented at short
notice after approval was granted arftktdesign was completed.

1 Sitedependent seaweed yield

4 Seaweed yield turned out to differ significantly between locatibnereforea across pilot (Ger-
many, Belgium, Netherland) comparison of a standardized methledétopedo exclude differ-
ences ire.g.materials or seeding technique as a source for different yields.

Design and construction plans
1 Installationschedules

4 Due to sudden and unforeseen problems (lander delay, delayed installation permit, additional re-
strictions) the original plans for the installation in March/April 2021 had to be postponed several
times. Regular meetings (at important stageéa daily schegle) have been organized to ensure a
common level of knowledge for all partners involved.

1 Installation procedures

4 For each part of the installation a script with a sbggstep guide including sketches and photos
(Figure 7) was developed. The manual wilb lio keep track of the installation and to check
whether no step has been forgottamdif all steps have been executed completely.

( P ( [ a——
Script for installation of 4Hjena Script for installation of site
Load-ouf  equipment on Mussel-System Load-oul  marking buoys and mussel
e todowng 4 »~ 3 system at FINO3 _v4
O i bt Version3 O In vt
o | Wstallation Date: 3 naaaa] installaticn Date:
| o s Octobes 2021 BB R September/Octobes 2021
. Q " Agemni 4 R L
Assembl o Wby
% Q e - Q26 () ]
whn O e b O I 1509 Onamm &
3 Aty # tmey| OMMm L a w—
Prg—" ERL R L 0 ) 0 Bt T & ) Doy g et gy
B e e L R e S

000 080 By ok Jeig - 0w 8 LS

Figure 8 Example of installation scripts (excerpts) i (left) Script for sensor equipment o f musselksystem and
(right) script for musseksystem installation of the German pilot

9 Last minute restrictions

4 The delay of the permission and the lashuterestrictions imposed by the BSelLg.harbour por-
poise monitoring, have led to further delays in the installation planning. The complete material of
the musselsystemwas delivered to the harbour in Cuxhaven in May 2021. From this date the ves-
sel suppliein Cuxhaven had to store the equipment and theipstallation of themusselsystem
onshore had to be postponed again and again. In August 2021 permission was granted with several
restrictions that required further preparatory work

A A thirdparty companyad to be found that rents-BODs and can provide an evalua-
tion of the monitoring data at intervals of two months.

A Funding of these unplanned costs have to be organized

A Solutions for the attachment ofODs directly on o@quaculturesystemsor close
by have to be found (sekable 2.
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4 Further restrictions subject to changes led to a higher workload in the management of the German
Pilot.

A Placement of harbour porpoise deterrents (Pingers) for at least the first six weeks af-
ter deployment or urit completecoverageof the seaweed andmusselsystens with
biomass

A Maintenance of the ®ODs and transmission of the dat&iimonthly intervals.

A Transmission of growth monitoringugderdata).

4 Implementing additional trips fo-BOD maintenance andliection of Pingers into theulti-use
maintenance catalogue gives the opportunity to combine even more tasks at one trip but also has
the risk of not gettingll the tasks done within thgiventime frame.

1 Sitedependent seaweed yield

4 Todetermine the sitalependent seaweed yield across the UNITED Pilots, a uniform test setup was
developed in cooperation with@mmerciabeaweedhatchery.

A AllseaweedcultivatingPilotsinclude an aligned seaweed cultivation substrate into
their aquacultue practice Half of the lines will be pigeeded(by hatcherywhile the
other half will be diredy seededwith the individual seaweed strain endemic to the
pilot location.

A Also, direcseedingollows a standardized protocptieveloped # thehatchery
which is based on best practice experiences
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2.2. The Dutch Pilot

The Dutch pilot iBcated atan already existingffshoretestsite, whichis operated byhe UNITED project part-

ner North Sea Farmer$he site is positioned in the North Sea 12 kilometres off the coast of Scheveningen, The
Hague, and measur&&n?(3km x 2km)Research lpts 2 and 3depictedin Figured, host the UNITED pilot of
floating solar and seaweedltivationrespectivelyThe Dich pilotQ@ain challenges are related its distance
offshoreand the rough conditionwith a significant wave height of 5éypart from thisthe Dutch pilot is also
affected by the regiaR fieshwater influence.

WARNING
Dangerous Area
Risk of collision:

Figure 9 Location of the Dutch pilot in the North Sea, The Netherlands

2.2.1.MONITORING SYSTEMS

Challenges
1 Mooring force measurements and remote monitoriig. & At f 0SS dzaSTdzZ AT Y22NA
Fad 6Stf Fa NBY2GS Y2yAG2NARAYy3I aeaidaSvya O2dZz R 0SS SYLJ

Damage due to extreme environmental weather conditions (D1.1)

Common data collection and dashboard solution (pilot alignment meeting)

(Seaweed) A robust solution for vistedHime monitoring was not available in yeawe. Will beimple-
mented as of year 2.

1 (Both) Reatime monitoring of certain parameters (mooring forces)

1 (both) Consideration for operation: serviceability and intervention (offshore)

1 (Solar) Workability of high tech OMM tools (e.g. aerial drones) operated fronRdthaH

=a =& -9

Specific requirements

1 (SolarHigh level of robustness and dependabili@gainst e.g. heat dissipation, seawater, salt mist,
submerged conditionsyave slamming, biofouling)

1 (Both)Integration and combining functionalities a must for cost redu@imhupscaling

1 (Both) Minimization of offshore operation resource use, through dependable power supply and data
off-loading solutions

1
Design and construction plagainsolved problems

1 (Both)Construction plans completed leading to succesployment of both solar and seaweed sys-
tem

1 (Seaweedfor the seaweed system the design of the moorings remains to be a challenge. A better un-
derstanding of the hydrodynamic behaviour of and forces in the system is critical. Better technical solu-
tions to get this data are required
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1 (Solar)Successful design of an additional power supply module that can support any (and very differ-
ent) monitoring peripherals attached to the floater (e.g. to measure forces for instance). $amdh a s
alone power supply modulaust also have the capacity to provide power for several days in case the
PV is not capable of supplying any (because of weather conditions) and have a form factor that allows
for integration on top of gangway deck (of solar farm)

1 (Solar) Remote cameraprace(Figure 10)The camera system that we use E2anegapixeObscape
time-lapse camera. We currently have four cameras in use that take every 30 minutes a still image. We
have mounted them on poles that stick 1.5 meter above sea level. We use fesitoaheck the con-
ditions of the floaters and the PV systems on top, and to keep track of any wildlife passing by. This cam-
era system is ideally suited for letggm visual monitoring as it is completely wireless, powered by so-
lar panels (buitn the canera) and the images are transmitted in reade using a 3G (or 4G) cellular
connection.

1  (Both) Monitoring buoy withehsors (Figurél)

In-situ Aquatroll 500: turbidity, chloroph, salinity and temperature
Nortek Aquadopp ADGHidal current measurement with depth profile
Pendant HOBO loggers: light & temperature

Weatherdock A193 vmsTRARKRO: AIS

A M M b

1 (Both)Telemetry (via internebased dashboards)

4 Bioceanor Aquabox: LoRaWan module
4 IMPAQT: DAS

1) Llantern

2)  IMPAQT - DAS

3)  Weatherdock VMS track - o
A s SaERiax

4)  Bioceanor Aquabox - " .
LoRaWan module

6)  Aquatroll -500: -
temperature, salinity,
turbidity and chlorophyll-A

5)  Nortek Aquadopp - ADCP %"“ ——

Figure 10 Obscape camera for monitoring floating solar (right)
Figure 11 Monitoring buoy of the Dutch pilot with sensors and components (left)

2.2.2.DEPLOYMENDESIGRIND MOORING SYSTEMS
Challenges

I Mooring forcemeasurements
1 Damage due to extreme environmental conditions (D1.1)
1 Commissioning and maintenance opportunities are limited in offshore conditions

Specific requirements

1 Deployment must be possible with preselected vessels
1 Fair weather window fanstallation schedule
9 Cost should stay within budget
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1 Maintaining afety standardduring offshore operations
Design and construction plagaunsolved problems

1 (Seaweed and datauoy) Installation scripts were developed for the installation of the cultivator sys-
tems

1 (Seaweed and solar pilddffshore trainingwere followed by relevant personnel

1 (Seaweed)oad sensors were procured, tested and installed in eadtivator systems. It remains
challenge to connect them to the remote monitoring systeoad sensors had been placed on top of
each other (in top line and bottom line of structure). However, after inspection it appeared that they
smashed against eachhetr. In second season the position of load sensors will be adjusted accordingly

1 (Seaweed) Various attempts were made to connect a probe sensor to the seaweed system but this
proved not workable once offshore amdsabandoned This remains a challengéonnecting probe
sensors in the seaweed system in a sensible way so that significant data can be obtained without get-
ting damaged antbsingthe data.

1 (Seaweed) In order to have a flexible, soft growth system, spegiated long spar buoys were de-
signed. As well, a backbone structure with lines and flotation buoys. After harvesting, all elements were
free of biofouling, however it is expected that a biofouling clgais needed before deployment in
year 2.

1 (Seaweed) An innovative net structure hadhe RS a A Iy SR -60la32S RO IV S (1SCR) W N2 SS 0 S
YEGSNRAEFE FFEAEAY3IS ySi theishdnd dedadibsubRifate ghenges WIBBEImA Yy A v (i
plemented.

1 (Seaweed) Several connecting plate designs turned out to have a high risk thatiogmopes and
lines could scratch the plate and ultimately brefakew design will be made for both the plates as well
as the rope egg thimbles and connecting platesowileplaced in year 2

1 (Seaweed) One out of 4 nétsthe inline systemFigurel?) happened to have twisted due to heavy
weather (resulting in damage to a flotation buoy). Design will be improved and measurementsitaken
orderto prevent twistingof the nets in year 2.

803
GPS modue 1D225-0D600-L700 floater
801 — wosd bears a5 spacers
‘Spar-ypa buoy
~D=1000mm 1

3000kg Buoy 1is
L=10m North side
Necon

ey spiced on board 1=8.43m

2l S R O
'::; wmu;:-mm Triplate  HMPE
] foi s
1=30m
cos
-
Buoy 2
Buoy 1 Obscape time-lapse
GPS module camera + GPS module

Load Link (4x)

(distance between inside bows of shackles is 480mm)

Figure 12 Load links in the in-line seaweed Cultivator system
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Figure 13 Anchoring systems for both the inline (left) and transverse (right) seaweed system

I (SolarNote that the implementation of floating solar, with regard to the design, materials, assembly
andorientationare restricted to our responsible partner only, irelwith the Consortium Agreement.
Hence, limitednformation on these aspects can be presented here.

1 (Solar) Successful installation and decommissioning of a small modular floating solar farm (50 kWp)
with multi-cat (tow out and hook up) and small tugb@astallation of anchors);

1 (Solar) Successful®anstallation of first batch of a larger modular floating solar farm {8¢¥le farm is
planned for summer 2022)

1 (Solar) Successful operations (sometimes combined with seaweed inspectiaratrips) out with

small RHIBs; safety procedures in place

(Solar) still (sometimes) issues with measuring mooring forces with using load shackles.

(Solar)The floating array is moored with a fepwints anchor system. Each leg of the anchor system

contains of an anchor, anchor chain, a buoy and a horizontally floating line connecting to a corner piece

of the floater array. Installation takes place in twog#® In a first phase the anchors have been de-
ployed, in a second phase the floaters are towed fromhtv®ourof Scheveningen to the offshore site

using a multi cat and hooked up between the fpaimts mooring syster(Figure 15)

= =
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Birds eye view (drone) looking down on 4 mooring buoys and the Anteos OSV

Figure 14 Birds eye view of a drone looking down on 4 mooring buoys and the Anteos OSV

Figure 15 Multicat KRVE towing floaters with 2 cameras on top

Figure 16 Photo of the floating solar platform

Page26 of 53 Deliverable 2.2














































































