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Abstract

The seagrasBosidonia oceanicés essential for the Mediterranean marine ecosystems, but
human activities have led to its decline. This project, conducted by engineering students in
collaboration with SARTI Research Group at the Polytechnic University of Catalonia, aims to
develop coseffective methods for replanting. oceanica.The team designed new chalk
substrates for seedling growth, using virtual simulations and field tests near Vilanova | la Geltru
to evaluate their effectiveness. The final design of the chalk substrate features elliptical and
cylindrical shapes, optimizea i stability and ease of production. These substrates, connected
by bamboo frames and secured with hemp fiber ropes, provide a sustainable and biodegradable
solution for replanting. Virtual simulations using OrcaFlex helped refine the design by testing
its behaviour under various environmental conditions. Initial results were promising, with
substrates remaining stable and supporting seedling growth. The project emphasizes
sustinable material use, with life cycle analyses confirming the environmental benefits of
chalk and bamboo.
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1. Introduction

1.1 Posidonia Oceanica Meadows

Posidonia oceanice a seagrass that is categorized as a marine phanerogam, more specifically
an angiosperm. Its structure consists of roots, leaves that give it dilgaamppearance, and
stems known as rhizomes because they grow underground [1].

Inflorescence

Plagiotropic rhizome

Figure 1:Posidonia oceanica Plant (illustration extracted from the M&MS Prgot

This plant has two different forms of rhizomes: orthotropic and plagiotropic, which grow
vertically and horizontally, respectively. Orthotropic rhizomes assist the plant on resisting
sedimentation, as it grows upward and can make better use of the tigiiaane available. On

the other hand, plagiotropic rhizomes help the plant spread to new areas by keeping it anchored
to the bottom [3]. The leaves accumulate both inorganic and organic particulate matter, acting
as traps for sediment [3].

Independent of the type of substratum, sand or rock, the combination of accumulated sediment
and the two types of rhizome growth, forms a structure caibgte (Fig. 2)4]. There are only
living plants on the upper surface.

Leaves Leaves
/ /
/

Plagiotropic rhizome Plagiotropic rhizome

Orthotropic rhizome Orthotropic rhizome

Matte ——Roots Matte ——Roots

Figure 2: Structure of Posidonia Oceanica Matte (illustration extracted from ISRIK& SEPOSSO [4]
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1.2 The Ecological Significance of Seagrass Meadows

Seagrass meadows serve as essential nurseries for juveraledigitovide shelter for a diverse
range of marine organisms, thereby promoting biodiversity and ecosystem resilience [5].
Furthermore, these habitats are prolific producers of oxygen, generating up to 14 to 20 liters
per square meter daily, which sustamarine life and fosters aerobic conditions within the
ecosystem [6]. Additionally, they produce approximately from 5 to 20 tons of organic matter
per hectare annually, enriching sediment composition and supporting benthic communities.

A crucial aspect oP. Oceanicaneadows is their role in carbon sequestration. Termed "blue
carbon,” these ecosystems capture significant quantities of carbon dioxide through
photosynthesis. Carbon is incorporated into the biomass of seagrasses and deposited in the
sediment as organicatter when these plants die or shed leaves. This organic carbon can be
stored for long periods, effectively removing carbon from the atmosphere and helping to
mitigate climate change by reducing greenhouse gas concentf&iions

SEAGRASS AND - .-
BLUE CARBON .

Tides bring fresh sources of

terrestrial and marine carbon ¢ during photosynthesis is used

particles “VIZATNT, to help seagrass grow
’ -

Seagrass
Large sediment

meadows provide
pools full of

resistance to the
both marine

and terrestrial
carbon build up

water and

encourages
particles to be .
deposited within % over time

its beds

Figure 3: Seagrass and its role on Blue Carbon C{(idilestation extracted from Project Seagr{g]y.

Moreover, seagrass meadows assist in preventing coastal erosion. The dense root systems of
seagrasses stabilize sediments, anchoring them in atateeducing the impacts of wave
energy. This stabilization helps to mitigate the effects of coastal erosion, protecting shorelines
and coastal communities from the loss of land and infrastructure [9]. Figure 4 displays some
of the environmental benefitescribed above.
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POSIDONIA AND THE COAST LINE L,
¢

Figure 4: Benefits that Posidonia Oceanica brings to the Environment (extracted from Sant Josep [10])

1.3Posidonia Oceanica Decline

Worldwide, coastal habitats are rapidly disappearing, making restoration efforts urgently
needed. Human activity has made seagrass meadows of P. oceanica in the Mediterranean Sea
especially vulnerable [11]. These meadows are essential for maintainingetsityl of marine

life, trapping carbon dioxide, filtering pollutants, and preventing coastal erosion by lowering
wave energy. But trawling, eutrophication, pollution, coastal expansion, global warming, and
anchoring are placing a lot of strain on ther][Bince 2006, shallow water trawling has been
prohibited by European Union law [13], additionally, coastal communities have installed
wastewater treatment plants between 1990 and 2000, but illegal practices still occur nowadays.

In the Mediterranean region, a significant portion, ranging from 13% to 50% of the P. oceanica
seagrass meadows has experienced considerable reduction in size, and in some places, they
have disappeared entirely. Additionally, the remaining meadows haveeds a decrease in

their density and coverage [4]. The slow growth and low recovery rates of P. oceanica meadows
make it difficult to fully restore them within human timescales, and the deteriorating state of
the ecosystems contributes to the frequahiriaof seagrass transplantation attempts [14].

Targeted efforts to advance reforestation techniques are essential to guarantee the survival of
these essential habitats [14]. In response to this, the 2024 European Project Semester (EPS)
team, consisting of five international students with engineeriragleanic backgrounds,
collaborated with the SARTI Research Group, based at the Technological Development Center
in Vilanova | la Geltru, to experiment with new methodologies for the transplantation of P.
oceanica seedlings.

1.4 Research Group Background & Previous Projects

The SARTI ARemote Acqui si tdcentreisamade uoidteamPr o c €
of researchers from different departments within the Polytechnic University of Catalonia
(UPC) and is multidisciplinary in focus. In 1997 the SARTI research group was formed to
promote scientific and technological developmehtremote datagathering systems and
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equipment. At first, the group consisted solely of staff from the UPC with the support of several
other institutes. Since then, SARTI has been a collaborating centre that focuses on technology
transfer, training in advanced instrumentation control teclesiqiesigning of instrumentation

and information systems, and supplying services to companies and administrations [6].

In 2010 SARTI began the journey of participating in European projects around marine
research. The research group focuses on the development of equipment for remote data
acquisition with an emphasis on oceanographic aspects. This includes simulation mwethods
statistical analysis. SARTI is also in possession of an underwater laboratory installed about 4
kilometres offshore of Vilanova | la Geltru at a depth of around 20 metres [15].

In the spring semester of 2023, a group of EPS students from the EPSEVG did a project about
the restoration of the flora and fauna in the area around the offshore research facility owned by
SARTI. This project focused on creating artificial reefs to prereofoundation for marine

life. Since then, SARTI has focused on finding methods to restore the ecosystem around the
coastal areas within the Mediterranean. This caused the initiation of the project to find new
replanting strategies fdét. oceanica

1.5Project Objectives

In recent years, restoration efforts fér oceanicahave faced challenges due to inconsistent
expenses and success rates, partly attributed to unpredictable sea conditions. In a study
published in 2021 [16] the cost of restoriRg oceanicawasemphasized, ranging between
06100, 000 and 0500, 000 per hirevolvedahard repldntaton ma | o
by dive teams. Notably, the labour charges of these divers, who were in charge of planting
seedlings or rhizomes, accounted formngority of the total project cost.

As part of the research method tested by the SARTI tBanteanicaseeds were cultivated in

chalk substrates inside monitored tanks before being deployed into the sea from a boat. This
strategy was to launch a largeale and costffective restoration method in the Mediterranean
Sea to benefit both the environment aadiaty.

The main goal of this project was to develop and evahmtedesigns of the chalk substrates
that were used to deploy the seedlingsPofoceanicathat will be replanted. The process
consisted of:

1. Developing Costeffective Replanting StrategiesCreate new methods for replanting
P. oceanicdhat are affordable and suitable for laigpale use.

2. Improving Substrate Design:Enhance the substrate shape used for the deployment of
P. oceanicaseedlings to increase the chances of successful transplantation.

3. Conducting Virtual Tests: Use computer simulations to model and analyze how the
designed substrate structure behaves under different environmental conditions.

The key objectives were reached by performing the tests in the virtual simulation tool OrcaFlex,
this software program is designed to analyse the dynamics of offshore marine systems and it
was used to model the deployment of the substrates from a bodesinenvironmental
conditions, such as waves, currents and the overall hydrodynamic parameters which helped

O sarRm
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refine replanting strategies in a virtual setting betbesr realworld implementation, this
allowed a higher probability of a successful outcome [17].

1.6 Project Execution Plan
1.6.1 Project Scope

The following sections provide an overview of the project's included and excluded elements.

In Scope:

Carrying out experiments in SARTI O6s Resea
Virtual Modelling of innovative substrate design.

Report, compare and analyse obtained results.

Perform extensive research into the subject matter.

O« O« O

Ox¢

Out of Scope:
o Largescale replanting dPosidonia Oceanica.
o Arranging funds.

1.6.2 ProjecProcesses

Appendix C includes the Gantt chart that was used in this project to show the precise planning,
giving the project team a clear view of the process steps, and making management
straightforward. The entire project group had access to documents that werk ist@
Microsoft Teams environment for collaborative editing, and WhatsApp was used for
immediate communicatioguaranteeing fast information sharing among team members.

The group agenda facilitated effective project planning and coordination by acting as a central
location for scheduling and monitoring team commitments and absences. The members of the
project team were responsible to complying with meeting deadlines aimamingproject
schedules. Additionally, each meeting between supervisors and the project group was
promptly documented and reviewed by supervisors, ensuring ongoing transparency and
accountability. The project charter's tasks and responsibilitiesciesely adhered to ensure
project advancement. Participation in project defences and prototype development were also
required of each participant.

O sarRm
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2. Literature Revie'

The literature review section contains the research conducted to understand the topic and gain
insights for the design phase.

2.1 Theimportance of Sea Life for Humanity

The topic of this EPS project is dedicated to one of the Mediterranean seagResidonia
Oceanica and is directly related to sea life and its relationship with human existence. For this
reason, it is crucial to understand some basic information about the ocean literacy principles.

Covering around 70% of the planetdés surface,
that humans require, through the activity of photosynthetic organisms [18], while it also
supplies food resources for more than 3 billion people on Earth andsalmsany pollutants

that people generate to the atmosphere as carbon dioxide anedepbeteng chemicals [19].

The ocean works as one interconnected circul
rotation, and solar system. Therefore, alterations in its circulation influence the climate and
ecosystems. Moreover, the ocean moderates' global weather ante diynabsorbing a
significant portion of solar radiation, leading to impacts on precipitation patterns and drought
occurrences.

Il n the ocean, there is 97% of Earthdés water.
as salinity, lower freezing point than fresh water, slightly higher density, and its slightly basic

pH level. The specific pH level is crucial for marine ecosysteand in regulating the
absorption and buffering of atmospheric carbon dioxide. That is why hurdaoced changes

to ocean temperature and pH levels can affect the survival of various organisms, decreasing
biological diversity (e.g., sea level rise, cdsldaching from elevated temperature and changes

in ocean biochemistry resulting in ocean acidification). Current data indicates that about 90%

of global warming is happening in the ocean [20]becasusze the industrial revolution and

starting of burning of fossil fuels, the concentration of this gas in the atmosphere has increased
and the ocean absorbs approximately 30 % of the emitted CO

By explaining more, the ocean acidificatiprocess, which can also affect our project, it is
important to understand that when carbon dioxide is in contact with seawater, several chemical
reactions take place. All of them result in higher accumulation of hydrogen ions, which
decrease the pH levehd causes carbonate ions to be relatively less abundant. Those ions are
an important building unit of structures such as seashells and coral skeletons. Therefore,
decreases in carbonate ions can make creating calcium carbonate structures difficult for
calafying organisms such as oysters, clams, sea urchins, shallow water corals, deep sea corals,
and calcareous plankton [21].

O saRT
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Atmospheric
carbon dioxide

Absorbed by
the ocean

,
e
- r Hydrogen ions
=

Water Carbonic acid S .

Figure 5: Schematic representation of ocean acidification process (illustration extracted from Copernicus Marine Service
[22])

Mor eover, the oceans play a cruci al rol e in
productivity occurring within its sunlit layers, and it absorbs around half of all carbon dioxide
emitted to the atmosphere.

The oceands i mpact on human | ife is unrepl ac
(most rainfall originates from the ocean), oxygen production, climate moderation, and
provision of resources such as food, medicines, minerals and energy. Tltisiegqubetween

humans and sea life is required to sustain life on this planet and only collective efforts can bring

us closer to this balance [18].

2.2 Photosynthetic Process in the Sea

Photosynthesis is the widely known process that enables plants to use sunlight, carbon dioxide
and water irorder to produce energy in the form of simple sugar (glucose) and oxygen. This
process is conducted inside the plant in organelles called chloroplasts, where a green pigment
(chlorophyll) with the ability to absorb the light can be found [3]. Howevempl#orts that live

in the ocean this process is carried out differently because of much lower light availability. In
the ocean, blue and green light can penetrate water deeper compared to yellow and red light
(see Fig. 6).
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Dark

Figure 6: Penetration o$unlight in oceans (illustration extracted from Frontiers for Young Minds [23])

Fortunately, ocean plants are able to live in such conditions because of the assistance in food
production they receive from microscopic microbes known as cyanobacteriag{bire

algae). Cyanobacteria have adapted to difficult light conditions with thip lof
phycobiliproteins. These proteins absorb the green light and convert it to red light by various
processes and red light is considered the most efficient waveband in the process of
photosynthesis. Therefore, these microorganisms perform photosgrtbésifor themselves

and for other organisms in the ocga8].

2.3 Environmental Factors & Optimal Substrate Materials

The growth ofP. oceanicaseedlings is dependent on optimal light conditions, due to the
photosynthetic process, making both water clarity and depth significant factors [2]. In addition,
salinity and water temperature are important variables that affect the output of habitat
restaation projects. Research suggests that effective seed germination and growth are linked
to a salinity level of 37 PSU, combined with a water temperature of aroli@ [28].
Currently, the seedlings designated for transplantagien undergoing cultivation within
monitored tanks at the UPC Research Facility. This controlled environment ensures optimal
growth conditions and facilitates careful observation of plant development.

P. oceanicaglants must grow roots and adapt over the first year after transplantation, which is
crucial to their surviva]25]. It is believed that late winter is the ideal time to transplant the
seagrass cuttings, after the autumn and winter storms have passed. On the other hand, seedlings
must germinate in a monitored aquarium for at least two months before being transplanted, an
they should be planted during Sprii2j.

Damaged meadows can recover, however it takes an extended period because plagiotropic
rhizomes grow approximately 14 centimetres a year, whereas orthotropic rhizomes grow only

2 to 7 centimetres [16A 2022 study made by Pansini et al. provided an overview of the results

of most initiatives made in the last 30 years to transjlanteanican the Mediterranean Sea

and categorized the variables that lead to a more successful outcome or gZéjlure
oceanicaneadows are typically distributed at deptifi up to 40 meters. However, this research
suggests that shallow to medium depths, ranging between 0 and 19 meters, are more conducive
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to restoration methods. The optimal planting substratd3. foceanicare hard substrates such

as rocks and dead matte. Planting individual seedlings or plagiotropic rhizomes was determined
to be more successful than other portioithe seagrass. Rhizomes were used as cuttings or seed
grown seedling in most of the projects that were analysedthis project, the selected variables

for the restoration effort are those circled in red.

Substrate

Figure 7: Correlation between various factorsusuch as transplanting depth, substrate type and plant portion and
success or failure of restoration methods (extracted from Science of The Total EnvironmgR6]).

2.3.1 Comparative Analysis of Chalk@ement Material for Substrate Design

In the context of this project, chalk rocks were used as the base material for the deployment
units. Chalk, a substance formed by an accumulation of calcite shells that are compressed into
layers over time, culminates into chalk rock through solidificapimocessef27]. Therefore,

chalk compound, unlike cement, is a natural product derived from the decayed remains of

marine organism, not causing harmful environmental harm.

One of the benefits of using chalk over cement is that chalk is a very soft material. This makes
it easy to build into different shapes and sizes to conduct experiments with. Calcium carbonate
found in chalk has been used in agriculture for decades asiralrgrowth enhancer. When
releasing the chalk rocks into the sea it will decay releasing calcium to the plants promoting
growth and a healthy crop [28]. Moreover, chalk is cheap and widely accessible, making it
align with the project goal of creating asteffective and efficient method of replantiiy
oceanica.

In agriculture, chalk is often added to the soil to reduce the acidity and increase the pH level.
Chalk debris, specifically normal white chalk, can provide a suitable substrate for plants
tolerant of high pH such @& oceanicd?29].

Another material that was considered in this project is cement. Making use of cement in a
replanting technique is possible siddased itods
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materials are considered as highly alkaline because its initial pH can vary from 12 to 13.8.
However, while chalk is formed under natural conditions, cement is not. During the production
of this material a lot of greenhouse gases are emitted since thespriscvery energy
consuming [30]. With the focus onsastainable and environmentally friendly method of
replanting thé®. oceanicacement was not a suitable option as a substrate material as it is not
biodegradable, as seen below in Table 1.

Tabl e 1: bet ween Chal k and Cement Material so

Aspect |

Comparison

Chalk Substrate

Cement Substrate

As |

Porosity High, between 34 and 50%, allows wat| Moderate, varies with mix and curing
and nutrients penetration as well as process
allowing roots to grow
pH Typical alkaline (pH=8) Highly alkaline (pH approxi2-13.8,
adjustable with additives)
Stability Moderate, prone to erosion over time | High, durable, and erosienesistant
Cost Lower compared to cement Higher due to materials and compositi
Biodegradability Biodegradable over time Non-biodegradable
Environ. Impact More ecefriendly Higher environmental impact
Longevity Dissolves in a matter of months Dissolves after a minimum of 50 years

2.3.2 Benefits of Hard Substrate foroceanic&Seedling Growth

P. oceanicaypically grows on soft substrates, but research by Badalamenti et al. [31] shows
that it can also thrive on rocky/hard substrates. This study highligh®.tbe¢anicaseedlings
possess adhesive root hairs enabling them to firmly attach to rocky surfaces, previously deemed
unsuitable for their growth.

Observations have shown that seedlings anchored on consolidated substrates like rocky reefs
covered in algae, at depths of 0.5 to 20 meters, resist pulling, unlike those on unconsolidated
sand. This finding supports using chalk rock for replantation. Resss analysed root
systems and found that the root hairs secrete a sticky substance, aiding adherence to rocky
substrates.

\ . " ’ 4 ‘\"' P ‘;

\ " o AN N

Figure 8: Seedlings of P. oceanica established on hard & soft substrates respectivééxtracted from Istituto per
| 6Ambi ente M&).ino Costiero

2.4 Relevant Case Studies for Project Context

Although the search for an efficient method of replanfihgoceanicais recent, seagrass
restauration studies are not novel. Studies to replant species of seagrass date back to 1939,
starting with the germination of the Posidonia seed, reaching the search for an effective method
for its replanting.
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2.4.1 Field Transplantation of SeagraBegidonia Oceanigaseedlings: Effects
of Invasive Algae and Nutrients

PeredaBriones study [32] investigates the influence of increased sediment nutrients and the
presence of the invasive macroalgaulerpa cylindraceaon the success of replantiri)
oceanica This study was carried out in Alcanada, Alcudia Bay, Mallorca over six months.

The objective of this study was to assess the success of replantiggasoéd P. oceanica
seedlings on dead matte substrate and how this process is influenced by increased nutrient
availability in the sediment and the presence of the invasive macatyéindracea.

Two hypotheses were tested:

1.- The presence @. cylindraceancreases the mortality & oceanicaeedlings and reduces
their vegetative development.

2.- Increased nutrient availability in the sediment promotes the abundatecylindracea
and the development &f. oceanicaseedlings.

To demonstrate whether or not the hypotheses were true, seedlings were transplanted into
twelve 30 x 30 cm plots, the plots with and without the addition of nutrients and with and
without the presence @. cylindracea

Seedling development and tBecylindraceacover were monitored periodically and the results
suggest facilitative interactions between the invasive algae and native seagrass, which provides
useful information for seagrass restoration strategies. Also suggest that the biological invasions
and nutrent addition do not reinforce each other negatively in the short term.

2.4.2 Environmental Engineering Techniques to Restore DegRuedonia
OceanicaMeadows

This study is authored by Luigi Piazzi [33], and it focuses on evaluating the effectiveness of
environmental engineering techniques commonly used in terrestrial systems to reskore the
oceanicaneadows. This study investigates thesdegradable and degradable mat as potential
tools for largescale restoration projects in marine environments. The objective of this study is
to determine the effectiveness and esfficiency of using environmentagngineering
techniques, specifically mats, to anchor andored®. oceanicaneadows. To accomplish the
objective mats of different sizes were anchored to the dead matte at depths of 15 to 20 meters.
The study efforts were carried out at the Marine Protected Area (MPA) of Capo Carbonara in
southern Sardinia and Elba Island in Thescan Archipelago.

In Capo Carbonar&. oceanicacuttings and seedlings were anchored to thedegradable
Macmat R mats, a reinforced geomat made of a-tliraensional polymer matrix on a double
twisted steel woven mesh. Meanwhile in ElPa oceanicacuttings and seedlings were
anchored to the degradable mats made of natural coconut meshes coupled with a double twisted
steel woven.
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Figure 9: Details of Macmat R geomat (A) and degradable mat (B).

After three years the results of the study concluded that a 92.5% of the transplant plots were
intact but only 46.5% of cuttings in the plots survived. This percentage is too low to be able to
considerd a succes. Despite the low survival rates, the usatefshow great potential as
anchoring method. This serves as inspiration for the project into finding a neeffeasive

method into replanting. Oceanica

2.4.3 Other Statef-the-Art Solutions

From analysing a variety of other differegtientific articles relevant to the subject it can be
stated that replanting methods of seagrass can be broadly categorised into seven distinct
approaches [16]:

n Cement slabs with perforations

n Cement frames around a wire mesh retaining cuttings

Flat deployment of metallic, plastic, or biodegradable wire mesh on the seabed, retaining
cuttings

Fixing the cuttings to the seabed using stakes or staples

The digging of holes for the placement of matte blocks

The planting of seedlings, germinated in the laboratory

Planting seeds, collected from marine environment or beaches

=t

oo o o

Researching previous studies and experiments served as a foundation for new investigations.
By examining these methods and results the project group could gain valuable insights into
previously explored research. Evaluating these studies and experimeargsted the team

from subconsciously repeating already conducted work. Learning from the way previous
researchers carried out their analysis and experiments created a general idea on how to conduct
research, and what factors to keep in mind.

18



UNIVERSITAT POLITECNICA
. . . . DE CATALUNYA
EPS 2024 | New Strategies for Replanftugidonia Oceanica BARCELONATECH

3.Methodolog

3.1 ROV Search for Ideal Deployment Sites

As discussed in Section 2.3, there are several factors that influence the grBwttednica
Finding a deployment site that combines the factors with the most potential was therefore
essential to increase the possibility of a successful result. The deployment took place off the
coast of Vilanova | la Geltri in an already existiigoceanicameadow near the OBSEA
observatory. TheP. oceanicameadow can be seen in Figure 10 with the green areas
representing?. oceanicagrowth.

Sitges

Vilanova i
la Geltru

2

@, Z0na 1 y 2 - OBSEA

Figure 10: . Oceanica meadows next to the coast of Vilanova I la Geltra

On the 19 of March 2024, a trial was carried out making use of a new underwater ROV
(Remotely Operated Vehicle) and can be seen in Figure 7. This was done fifty metres from the
observatory near an orange buoy that marks a dead matte spot in the middRe. ofcéemica

meadow. As described before, dead matte makes an ideal substate for a deployPent of
oceanica T he OBSEA observatory is directly conn.
Vilanova | la Geltra by an underwater cable. The presumption wathtdratare spots of dead

matte around this cable, at depths oflIZmeters. The purpose of this trial was to find this
underwater cable and look for better alternative drop sites in the area around it. After
deployment, the ROV search can serve as a methmdnitoring the health and growth of the

plants.

e~/

-
\\

Figure 11: Remotely Operated Vehicle
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The ROV worked as desired and was able to perform an extensive search aroBnd the
oceanicameadow. The cable between the observatory and SARTI Research Facility was
unfortunately too hidden in the tall seagrass to be tracked by the small ROV. This concluded
that to find better suited drop sites a second exploration had to be performed malohg use
divers.

3.2 Chalk Substrate Prototype for Experimental Evaluation

The main method that was tested was based on chalk as a substrate and it was developed by
SARTI at UPC. In previous studies it was acknowledged the importance of the substrate that

P. oceanicasticks to because this influences not only the growth process of the plant, but the
entire surrounding environment once it has been deployed into the sea.

The chalk was collected in a quarry as boulders (Figure 12) that were then sliced in different
shaped pieces (Figure 13). In some cases, hard polishing was necessary to obtain the desired
shape. This parameter is very important because if the substrate bpsmum shape, it will

have lower chances of failure due to currents and waves flipping the substrate or having a weak
fixation to the seabed. The next step was drilling holes in the chalk slices and plant the seagrass
seedsAs for the latter, there & an important deployment in the middle of April (2024) when

most of the plants grown in the research f ac
description and results of this procedure can be fouad in the Section 3.3.1

Figure 13: The process of slicing the boulders into
different shapes

Figure 14: Posidonia Oceanica seedlings grown on the chalk substrate in the monitored tani&AR Thé&esearch
Facility
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3.3 1In situsimulation

To increase the success rate, initial prototypes crafted by the project team were deployed from
the boat onto the dead matte using green ribbons insteddamfeanicaseedlings to avoid
wasting them (Figure 15). This approach allowed the team to refine the deployment process
and ensure that the methods used would be effective for the actual seedlings, minimizing
potential losses and optimizing the procedure for fullefd

Figure 15: Examples of simulation dummies having different shapes

For this simulation, chalk substrates of various shapes and dimensions were utilized. The
lengths (in mm) of each prototype are depicted in Figures 16 and 17. Appendices A and B
provide images showing the measurements of "dummy" Bl (190x150x50 mm) and the
elongated mountaihike shape "dummy" M1 (170x70x50 mm). These shape variations were
intentional, as the team aimed to identify the most hydrodynamically suitable substrate design
to supportP. oceanicaseeds and roots effectively.

Figures 16: Lengthofthe i mul at i on Adummi esd Bl & M1 respectively froc

3.3.1 Experimental Deployment Test Evolution

In mid-April 2024, most seedlings cultivated in the SARTI Research Facility tanks, along with
preprepared dummies, were deployed, as detailed in Section 3.2. Of the 18 specimens with
living plants, one landed incorrectly (not upright), likely due to theven seafloor.
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Observations included how the dummies and rocks settled on the seabed (Fig. 17). This
deployment provided valuable insights into the placement and stability of the seedlings under
varying seafloor conditions.

Figure 17: Pictures of dummies B1 & M1 and substrates with grown seedlings after deployment

Figure 18: Picture of dummy B1 after deployment

The dummiesvere deployed in front of one of the OBSEA cameras, enabling live monitoring
of all substrate movements (Figure 19). This setup allows for continuous observation and
analysis of the substrates' behaviour on the seafloor iimeg| providing valuable datfor

the study.

Figure 19: View from the OBSEA camara on the 21.05.2024
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4. Design Developme

As observed in Figure 19, the rodlksmained in roughly the same positions after one month,
although some, including dummy M1, had flipped. These observations enabled our team to test
and evaluate various substrate shapes and sizes. It was immediately noticeable that rocks with
a larger coract surface area relative to their total surface area were less likely to flip over. This
insight is crucial for optimizing the design of substrates to enhance stability on the seafloor.

4.1 Initial Design Concept

The team's objective wasdevelop a new design or redesign the existing substrates to enhance
the likelihood of success in the replanting process. Initially focusing on the substrate, the group
prioritized the shape of the substrate over other factors. This decision stemmeddcomiag

issue where the units would flip upsidewn underwater during deployment or after reaching

the seabed due to currents and waves.

Figure 20 below presents an initial sketch of a complex substrate design, created using the
Procreate app on an iPad. If this design passed preliminary tests, it was planned to be printed
using a cement 3D printer and attached precisely at the knotsetffar in situ testing. The

net would contain multiple substrate pieces, each housing four seeds. Furthermore, the entire
structure would be deployed simultaneously. Upon reaching the seabed, a diver would anchor
its edges. This approach was anticipateddtul better results because the structure would have
minimal chances of being displaced by natural phenomena. Additionally, it would be time
efficient, as all plants would be deployed at once.

Figure 20: The sketch of the initial design (A) 3D view, (B) side view, (C) net design. The important parts of the shape are
(1) anticurrents fixators, (2) main bodg3) net ropes canals, (4) sand fixators spots, (5) roots canals.

While presenting a few advantages, this design had a major disadvantage: the complexity of
the model. The limitations of the printer's simpler functions could hinder the creation of this
specific shape and the use of chalk had to be discarded. Evenwettl@sgpossible, a large
enough aquarium would be required to fit all the substrates throughout the entire process of
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growing P. oceanicaseedlings before deploying them into the sea. One other significant
disadvantage of this design was the necessity of using divers, a factor that was aimed to be
excluded due to high costs.

Therefore, a new and simpler design was developed. This design primarily consists of 2x3 and
3x3 rounded substrate shapes, each capable of containing four seedlings, connected by bamboo
sticks secured with natural hemp fiber ropes, but without the fixagiots on the bottom. This

future model is easier to produce and uses mordrigcally material.

4.2 Final Concept

As we have conducted multiple testing sessions, we concluded that using a complex shape
might truly be more efficient from one point of view since this kind of design will be better
anchored in the seabed and more stable against the currents, but thegesdvgained on this

side are almost completely lost because of the difficulties encountered in the production of this
design. Therefore, we tried to achieve at least a similar hydrodynamic efficiency by
approaching a new and more simple design. Usingchbsisapes and modelling them
accordingly has more advantages on the long run than using a complex design.

From the initial design we have decided to only keep the frame concept, where the rocks are
connected using a bamboo frame. The purpose of this frame is to keep all the rocks together,
holding strongly to one another, but also to better fixate them se#ied, as there is necessary

to apply a greater force upon the model for the currents and waves to move it.

4.2.1 Single body shape

When choosing a shape for our substrate we considered several aspects related to its behaviour
in the water, exposed to natural phenomenon like currents and waves and sitting on the seabed.
Given this, we must consider the three main factors: hydrodynastadslity and drag.

The first proposed shape is an ellipsoid; this has a streamlined profile, which reduces drag and
allows it to move more smoothly through the water. Also, the water flow around an elliptic
shape tends to be more laminar, reducing turbulence and residthisameans it is less likely

to be disturbed by currents and waves. Regarding its stability, elliptic shapes are generally more
stable due to their streamlined form and low centre of gravity, so they are less likely to roll or
be displaced by currents. Al all, an elliptic body experiences little drag, and it will remain
more stationary on the seabed.

An easier to produce alternative is using a cylinder. This shape has a relatively lower drag
coefficient compared to the third shape, a cube, but higher than the ellipsoid. Its rounded shape
allows for better flow interaction than a cube. Water flow araioginder can create vortices,
especially at higher flow speeds, leading to more turbulence than around an elliptic shape but
less than around a cube. For a cylinder to present more stability, it needs to face the seabed
with one of its bases, otherwigewill be rolled all over by the currents. The orientation of a
cylindric shape also influences the drag and having the right position will decrease its intensity.
The simplest shape we considered is a parallelepiped. From all those three, Hesmado

behave the worst in the aquatic environment, specifically when it is exposed to currents and
waves. Due to its flat surfaces and sharp edges, it has a hight drag coefficient and the flow
around a cube is highly turbulent, creating significant @dnag leading to higher resistance
against currents and waves. This kind of shape is most susceptible to be moved and tumbled in
case of a storm.

All the following 3D models and technical drawings were realised using Autodesk Fusion 360
and all the simulations were conducted using the simulation tool, OrcaFlex. The general
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environmental parameters for all the simulations are as shown in Table 2, excepting the current
speed which varies.

Table 2. Environmental parameters from OrcaFlex

Kinematic viscosity Temperature (°C) | Water density | Stiffness
(m"2/s) (te/m"3) (KN/m/m”2)
1.35e6 10.0 1.025 500.0

4.2.1.1 Elliptic body

Figure21: The 3D model of the proposed elliptic shape. It has a diameter of 200mm and a height of 60mm
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Figure 22: Thetechnical drawings for the elliptic shape

As shown in figures 21 and 22, the desired dimensions are 200mm diameter, 60mm height and
4 holes. The holes are drilled symmetrically and each of them is formed of a main hole, having
22mm in diameter and around-238 mm, that 6s wherrest, and anotlee e d i
one, having a diameter of iBmm, starting from the bottom of the first one.

This shape can be produced by cutting a chalk boulder into slices, polishing them in the desired
shape and for the finishing the holes are drilled using a basic electric driller.

Before this model is filled with seeds and later dropped in the sea or stored in an aquarium for
some time, it needs to pass some simulations conducted using the OrcaFlex software simulation
tool. Since this software is usually used to simulate the hydesdic behaviour of objects
characterized by a greater size and because this the software has only a few shapes (cylinders
and parallelepipeds) that can be used to form the desired body, this model was adapted
accordingly. The picture below shows the adamtaof the model presented before, but only

it was formed by overlapping multiple cylinders, most of them having a thickness of 15mm
and some, near the bases, having a thickness of 10mm. The reason for this difference is the
curvature that needed to betambed for hydrodynamic reasons.
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Figure 24: The technical drawings (top view on left and bottom view on right) of the elliptic shape adapted to OrcaFlex
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Figure 25: Image of the elliptic shape, taken from the OrcaFlex simulation tool

First test (current speed 0.5m/s on surface and seabed:
Table 3.Current data, extracted from OrcaFlex

Current speed (m/s)

Direction (de Exponent
Surface Seabed (deg) P
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Figure 26: The change of position on the seabed (Y) for the elliptic shape when exposed to 0.5m/s speed current

O saRT

UNIVERSITAT POLITECNICA




UNIVERSITAT POLITECNICA
DE CATALUNYA
BARCELONATECH

EPS 2024 | New Strategies for Replantfasidonia Oceanica

e « C\Users\Mojay\Desktop\orcaFLEX docs\OZN complex final - OrcaFlex 11.3f
File Edit Model Calculation View Replay Graph Resuits Tools Workspace Window Help

-\ 8OO0 CRRAIPINDDD-T 1 ®=0
Dynamics complete
Genersl ~
Envranmant A Time history: Base D =& 3D view (ezimuth=0; elevation=0)
Fricton coecents
Al objects data 01
Variable data
v 1 unes
v Line types
Line typel
Code checks
v 6D buoys
L Boss
0.13585
01359
E
3 'S -8 = e e
a o S
013595 i
2003585
_ 2
E
0.1 ~
= 200359
ETYT SRR NS
013605 - ; H . . §
0 E P & w0 100 [ ;
Time (5) ] 2 a & 80 100
Time (s) v
OZN complex final [binary] < >

Figure 27: Thechange of position in depth (Z) for the elliptic shape when exposed to 0.5m/s speed current

Table 4. Current data, extracted from OrcaFlex

Current speed (m/s)

Surface

Seabed

Direction (deg)

Exponent
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Figure 28: The change @sition on the seabed (Y) for the elliptic shape when exposed to 1.0m/s speed current
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Figure 29: The change of position in depth (Z) for the elliptic shape when exposed to 1.0m/s speed current

The OrcaFlex results presented above, in figures 2@ and concordance with table 2, show

that the elliptic design seems to barely move on the seabed when exposed to 0.5 m/s speed
current, it does not flip, but it slightly gets buried. The latter is caused by normal moves until

it settles properly and findts position on the seabed. Regarding to the other set of simulations,

the figures 28 and 29, in concordance with table 3, reveal the fact that a 1.0 m/s speed current

mi ght change the elliptic bodyds posalsbi on or
be influenced by the time spend until it settles, since the burry depth is similar to the first one
caused by the 0.5 m/s speed current, which has an average of 0.14m.

4.2.1.2 Cylindric body

After the attempt of creating the elliptic shape presented above, we started simplifying it even
more to compare the results with a cylindric shape. The similarities consist of the circular shape
of both bodies, but the base diameter different. We tripdré@xenting with a bigger shape to

see if the dimensions and the weight influence the behaviour underwater more than the shape
itself. Below it is presented a cylindric body that has a diameter of 300mm and a height of
100mm. This shape has almost doubile size of the stones SARTI uses for ordinary
deployments.
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Figure 30: The cylindric shape. 3D model (left) and technical drawing (right)

The model presented in figure 30 is shown without the holes for seeds. The reason for that is
that we are trying to see how it behaves underwater and also becawusk tioisbe deployed

by itself, as it is part of a bigger picture. Having better properties than a cubic body, but worse
than the elliptical one, makes it viable for a grouped deployment, as part of a net/frame. The
cylinder as part of the frame is presshbelow.

4.2.2 Multiple bodies (frame)

4.2.2.1 Symmetric frame (3x3)

Firstly, we considered creating a symmetrical body, composed of multiple shapes. The main
idea was to find shapes with a good stability underwater and connect them with an organic
material that will keep them together. This method came up as a resptnséeavy currents

that are moving and flipping the single stones in case of strong storms.

Il b
R150 (]

_
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10.21

Figure 31: Singular cylindrical stone, used on the corners of the frame, hadiagreeter of 300mm. Technical drawings of
the upper view (left) and side view (right)
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Figure 32: Singular cylindrical stone, used on the middle segments of the frame, having a diameter of 200mm. Technical
drawings of the upper view (left) and side view (right)
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Figure 33: Technical drawing of the whole 3x3 frame, top view
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Figure 34: Technical drawing of the whole 3x3 frame, side view

In the figures 31 to 34 it is presented the ideal 3x3 frame composed of 9 stones, 4 big ones
(300mm diameter and 100mm height) positioned at the corners of the frame for a better stability
and 5 smaller stones (200mm diameter and 100mm height), eachaoad petween two big
stones. This approach is meant to confer a good fixation to the seabed and because of the
cylindrical bodies, the currents does not affect the structure as it did for the single deployed
stones. The frame elements are connected uaimipbo sticks or wooden sticks and each stone

is fixated using either a thin rope or a thin metal wire.

The bamboo sticks are connected to each stone in two different spots, one at the bottom of the
stone and one on the top of the stone. The reason behind this is to confer the structure more

stability on the seabed anabtherdisagredterchancedos er v e
the stones to break while manufacturing it if we would have placed both bamboo canals on the
same side.

Figure 35: Image of the 3x3 frame structure, single cylindrical stone and 2x1 row; taken from the OrcaFlex simulation tool

Thesimulations for this structure were conducted in parallel with two more elements, one
single cylindrical stone and two cylinders connected, like the ones used in the assemble
(Figure 35).
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Table 5. Current data, extracted from OrcaFlex
Current speed (m/s) L
Direction (deg) Exponent
Surface Seabed
1.0 1.0 90.0 1
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Figure 36: OrcaFlex simulation of the 3x3 frame when exposed to a 1.0 m/s speed current
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In the Figure 36 it is shown the behaviour of the 3x3 frame when exposed to a 1.0 m/s speed

current. It can be observed that the movement of the structure on the seabed is almost
inexistent (X and Y axes) and the burial degree is also very low, mostly caused by the pre
stabilization movements. The values shown in the Z axe graph are consta20anis the

actual original position of the frame, which concludes that this structure is very stable.
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Figure 37: OrcaFlex simulation of the two connected cylinders when exposed to a 1.0 m/s speed current

In the figure 37 it is shown the behaviour of the two connected cylinders when exposed to a
1.0 m/s speed current. Different from the 3x3 frame, this structure changes its position with a
couple of meters, but it seems more stable than the single stone.
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Figure 38: OrcaFlex simulation of the single cylinder when exposed to a 1.0 m/s speed current

In the figure 38 it is shown the behaviour of the single cylindrical stone when exposed to a
1.0 m/s speed current. It can be observed that the movement of the body on the seabed (X and
Y axes) is much greater than the one shown in 3x3 frame, and thiddelas not getting
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stabilized as the currents tend to lift the cylinder from the seabed. Nevertheless, in the right
bottom corner of the figure it is displayed the position of the structures at the end of the
simulation and the single stone is not even in sight, so thisadynot a viable option.

Table 6. Current data, extracted from OrcaFlex

Current speed (m/s) o
Direction (deg) Exponent
Surface Seabed
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Figure 39: OrcaFlex simulation of the 3x3 frame when exposed to a 2.0 m/s speed current
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Figure 40: OrcaFlex simulation of the two connected cylinders when exposed to a 2.0 m/s speed current

B =~ =les)
L . ; el i & ///
? (f | ’{\ ] /ﬂi rﬂ\ | //\ | ﬂ} /(\ f\ {J‘I 1\‘ [ﬂ [/\l f\ P\ | ]A e
: \}UWUW MJW\ KM}W\ l] | M\ I 7 -
b m J U AARASAS N I | \/ ! J I V| \f "l - o

Time (5)
24 - CLINDRIL - 5US JOS [binary]

Figure 41: OrcaFlex simulation of the single cylinder when exposed to a 2.0 m/s speed current

The figures 39, 40 and 41 show the simulations of the three structures, the 3x3 frame, the two
cylinders and the single cylindrical stone, exposed to a 2.0 m/s speed current. It can be
observed that the results of these graphs resemble the previouslddra/sfspeed current

and the behaviour of the frame structure is similar, which proves that it can truly be
considered the most viable option between the three of them.
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4.2.2.2 Asymmetrical frame (2x3)

Once we concluded that the 3x3 frame behaves as desired, we tried removing some elements
to verify if we can obtain a similar effect by using less material and time resources and so we
removed one row and obtained an asymmetrical frame characterized/lyedaments

arranged as 2x3. The organization is the same as presented above, for the 3x3 frame, but the
difference is that the stones have half of the size (150mm diameter and 50mm height) of the
big stones from the previous structure, as it can be \wx$an the figures from 42 to 45.

dx @20 x 25U 1496

@13 x50

Ax@20x25U
@13 x50

@10 x50

@11 x 150

9
70

295

Figure 42: The unique model of cylindrical stone used for the 2x3 frame, having a diameter of 150mm. Technical drawings
of the upper view (left) and bottom view (right)
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50

e ©@11x 150
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Figure 43: The unique model of cylindrical stone used for the 2x3 frame, having a diameter of 150mm. Technical drawings
of the side view

O saRT

15



UNIVERSITAT POLITECNICA
. . . . DE CATALUNYA
EPS 2024 | New Strategies for Replanftugidonia Oceanica BARCELONATECH

200

w
(] - o =T
- :
2 T &3
©
3
(=]
20
25
0 I
o~ 1 |
Te] a I T
R AP | 1|J
34 [
[ T R
!
150 150 150 o
950 -
500
I

Figure 45: Technical drawing of the whole 2x8me, side view

Table 7. Current data, extracted from OrcaFlex

Current speed (m/s) Direction (deg) Exponent
Surface Seabed
1.0 1.0 90.0 1

O saRT

16



UNIVERSITAT POLITECNICA
DE CATALUNYA
BARCELONATECH

EPS 2024 | New Strategies for Replantfasidonia Oceanica

e+ CAU jay o £X £ FRAME 243 - CILINDRI - SUS JOS - OrcaFlex 1131 - o x
File Edit Model Calculation View Replay Graph Results Tools Workspace Window Help
¥ ALVOOTERAN P I WDDD-T V| ®pk @
Dynamics complete
Genera )
- i Time history: stone 1.1 Z = FoF " | = 2
Friion casflcints 19985 o0t
Al objects data P
Variabl data .
- . 00009
v 1 6Dbuoys 158 e . 7 5
stone 1.1 - / \
s . 0.0008 N
bambao X1 s ! / \
sone 2,1 P i S \,
stone 3.1 . e £ to007 7 ‘\
bambao X2 = / = / \
stone 1.2 2 \ = / \
2 p 00006 /
stone 2.2 H / H 7 Y
stone 3.2 H \ ® n.00s / A
bamboo 1 / \
-20.005 b /
bambao 2 ~ / \
bamboo ¥3 N 0.0004- \
20 /
)/ 0.0003 : .
20015 00002
0 ) 100 150 0 100 150
Time (5) Tie (5]
At = =3
0 05005
0050 o \\
J/ N
01 /
0 05015 4 '\
£ 0.0502- /
= 005025 /
H / N
00503 { N
J _
0.05035 /
- p
00504 A
205045
[ ) 100 150
Time (s)
SINGLE FRAME 2.0 - CILIDRI - SUS 30

Table 8.Current data, extracted from OrcaFlex

Figure 46: OrcaFlex simulation of the 2x3 frame when exposed to a 1.0 m/s speed current
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Figure 47: OrcaFlex simulation of the 2x3 frame when exposed to a 2.0 m/s speed current

The above simulations for the 2x3 frarfleigures 46 and 47) show the behaviour of the
structure when exposed to a 1.0 m/s, respectively a 2.0 m/s speed current. The movement on
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the seabed surface is almost inexistent, the only warning thing is the burial level that is
influenced by the asymmetry of the structure. The value for this is low but it is relevant since
the currents tend to lift one side of the structure more thanspit might deepen some part

of the rocks. Of course, since the final position of the rocks is still more than three quarters
above the seabed, this will only fixate the structure better and make it more stable.

To conclude the simulations, this 2x3 frame seems to be the better design for an efficient
replantation. As it is comparable with the 3x3 frame, the 2x3 frame is faster to produce and has
similar efficiency as the 3x3 one. Also, the 2x3 frame can be m@ilysiproduced at the
research facility and it can be stored in an aquarium, rather than the 3x3 frame that cannot fit
in any aquarium there. The reason behind this is that the holes of the rocks are to be filled with
Posidonia oceanica seeds and those aded months to develop into a replantation shape.

Figure 48: The 2x3 frame built by the EPS team
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Figure 50: The 2x3 frame sinking in the sea
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Figure 51: The 2x3 frame on the seabed

' Figure 52: The 2x3 frame moved in front of the live camera

More conclusive tests were conducted using a structure made by the EPS team (Figure 48).
This was deployed in the sea on 30.05.2024 (Figure 49) and is has been observed that the
structure doesné6t flip while getting to the
when it lands (Figures 50 and 51). After it landed, the structureneaed in front of the live

camera in order for us to observe any changes in its position (Figure 49).
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5. Eco Desig

Ecodesign is the process of developing systems, structures and products while taking
environmental and sustainable aspects into consideration. The developed chalk and bamboo
substrate serves as an excellent example of various elements of sustainalole Tdesig
selection of materials is a primary application of-design principles; the development of the
substrate depends on the use of materials with the least possible negative environmental impact.

Performing a Life Cycle Analysis (LCA) is another essential-@éesign component. This

process assesses a product or structure during its whole life, considering all phases of
manufacture, usage, and disposal. An LCA aid in determining the most enviratynent
beneficial choices for the chal-&flfsprotesdes. at ed s

Chalk substrate can have a reduced impact and contribute more sustainably to the restoration
of marine habitats if eedesign concepts are applied to it. This strategy contributes to
biodiversity conservation, ecological resilience enhancement and rfabitdt preservation.

This chapter will examine the environmental impact and life cycle of the final chalk substrate
structure developed for thE. oceanicareplanting strategy. A throughout analysis was
conducted using the Granta Edupack Eco Audit program

5.1 Life Cycle Analysis

Scope and Objectives:

The primary objective of this LCA is to assess the environmental impacts associated with the
entire life cycle of the chalk substrate structures useBdsidonia oceanicaeplanting. This
includes evaluating the materials and processes involved, their environmental footprint, and
identifying potential areas for improvement. The scope of the LCA encompasses the following
stages:

Planning and Design:This initial phase involves the conceptualization and design of the chalk
substrate structures. It includes material selection, design specifications, and feasibility studies
to ensure the substrates are suitable for supporting the grofRtisioionia oceanicaeedlings

in the sea.

Material selection and collection: The chalk boulders are collected from a quarry located
approximately 20km from the Sarti Research Facility at UPC, where the assembly takes place.
The transportation of the boulders is made with a light goods vehicle (car / van). The bamboo
sticks and théaemp fibre ropes are purchased in a construction store in Vilanova | la Geltra.
Construction: This phase covers the cutting of the chalk substrates into the specified shape
and the assembly of bamboo sticks and natural fiber ropes. The environmental impacts of
material extraction, processing, and manufacturing are assessed.

Deployment: The deployment of the substrates in the marine environment is a critical phase.
This involves transporting the structures to the site (located 4km away from the coast of
Vilanova | la Geltrt, near OBSEA) by boat and deploying them in place, ensuringahinim
disruption to the existing marine habitat and avoiding the use of divers.

Settlement: Following installation, the substrates must remain stable and conducive to the
growth of P. oceanicaseedlings. This phase examines the initial interactions between the
substrates and the marine environment.
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Seedlings Growth: This stage focuses on the growth of fheoceanicaroots under on the

chalk substrates. It assesses the environmental conditions required for optimal growth and the
substrates' performance in supporting this development.

Monitoring and Maintenance: Continuous monitoring is essential to evaluate the health and
growth of thePosidonia oceanicaneadows. This phase includes regular inspections, data
collection, and any necessary maintenance activities to ensure theedonguccess of the
replanting effort.

Evolution and Change:Over time, the substrates and theestablished?osidonia oceanica
meadows will undergo natural changes. This phase considers thtetongvolution of the
ecosystem, including potential ecological shifts and the substrates' degradation or adaptation.

5.2 Eco Audit Tool

Using the Granta Edupack program, the Eco Audit tool evaluates resource consumption and
provides the results in an easyready report. The details of the Chalk Substrates Frame
Structurei 2x3 and 3x3 reports can be found in the Appendix D & E.

There are various aspects that can affect
deploying it in the sea. This substrate should last for a few years, making sure tRat the
oceanicaroots are fully anchored to the seabed. Predicting the exact duration of its efficiency
is complex due to constant environmental conditions change. For example, water temperature,
wave action and the chemical composition of the water can all affectcdhedegradation. For

this reason, a life span of 5 years was ueethis assessment.

The analysis includes energy consumption and foGtprint across different phases of the
products life cycle, from material extraction to esfdife disposal.

5.2.1 Chalk Substrate 2x3 Frame Structure Overview

The 2x3 Chalk Substrate Frame f@r oceanicareplantation is designed for use in Spain
(Mediterranean SeiaCoast of Vilanova | la Geltra), with a product lifespan of five years and
a total mass of 9.6 kilograms.

5.2.2 Frame 1(2X3) Energy Consumption Analysis

Figure 53displays the Eco Audit Energy Consumption results in a summary & graph format.
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Figure 53: 2X3 Frame Structure Energy Consumption (MJ)

The material phase is the most significant contributor to energy consumption, accounting for
38.7 MJ, which is 86.7% of the total energy usage. Limestone contributes 1.3 MJ, Bamboo
contributes a significant 36 MJ, and Hemp Fiber adds 1.5 MJ to the tetglyezonsumption.

The dominance of bamboo in this phase highlights its significant impact on the product's energy
profile. The cultivation of bamboo often requires significant energy inputs for irrigation,
fertilization, and pest control. These agricultypaactices contribute to the overall energy
consumption [34].

The manufacturing phase does not contribute to the overall energy consumption, with a
recorded energy use of 0 MJ. This indicates that the process of converting raw materials into
the final product is relatively energgfficient. Due to limitations in thEco Audit tool, it was

not possible to select hemp fiber rope specifically, only hemp fiber. As a result, the energy
consumed during the manufacturing of the rope is not included in this analysis. Additionally,
due to a lack of available data, this valuild not be estimated and incorporated into the
overall environmental impact assessment.

Energy consumption during the transportation phase totals 0.87 MJ. This phase involves two
main stages: transporting materials from th
Research Facility and then from the facility to the deployment site wherdsielonia
Meadow is located. The first stage uses light goods vehicles (car/small truck) over a distance
of 40 km, consuming 0.84 MJ. The second stage involves boat over 8 km, adding another 0.021
MJ.

The usage phase involves the use of dipselered boat for transporting the product from the
coast of Vilanova | la Geltru to the deployment site near OBSEA, with an operational range of
8 kilometres per day for an average of 30 days each year the psddigeyear lifespan, for,
maintenance and monitoring. Annually, this phase consumes 3.1 MJ, leading to a total of 15.5
MJ over the fiveyear lifespan of the product.

The disposal phase contributes 2 MJ to the overall energy consumption. Limestone accounts
for 1.7 MJ, Bamboo for 0.21 MJ, and Hemp Fiber Rope for 0.075 MJ. The downcycling of

the Hemp Fiber Rope provides a minor energy offset with aroehfi potentialof -0.015

MJ.

5.2.3 Frame 1 (2X3) C{Footprint Analysis

Figure 54 displays the Eco Audit @Bootprint results in a summary & graph format.
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Figure 54: 2X3 Frame Structure €bBmissions

The material phase is the largest contributor to CO2 emissions, accounting for 1.38 kg of CO2,
which is 76.5% of the total emissions. Limestone emits 0.032 kg of CO2, Bamboo emits 1.1
kg, and Hemp Fiber emits 0.24 kg. The high carbon intensity of bamlbo® gimary driver

of emissions in this phase.

The manufacturing phase shows no-@issions, similar to its energy consumption profile,
indicating an efficient or unrecorded manufacturing process. The same matter regarding the
production of the hemp fibre rope is considered in this analysis.

The transportation phase contributes 0.062 kg of CO2 emissions, representing 3.5% of the total
emi ssi ons. |t includes transporting materia
Facility and then from the facility to the deployment site. The firgfestaavolving light goods
vehicles over 40 km, results in 0.061 kg of CO2 emissions. The second stage, involving boat
over 8 km, contributes 0.0015 kg of CO2.

The use phase results in CO2 emissions due to giesadred boat, emitting 0.22 kg per year
and totalling 1.1 kg over the product's fiyear lifespan. This represents 12.4% of the total
CO2 emissions.

The disposal phase contributes 0.14 kg of CO2 emissions, which is 7.6% of the total emissions.
Limestone accounts for 0.12 kg, Bamboo for 0.015 kg, and Hemp Fiber Rope for 0.0053 kg.

5.2.4 Chalk Substrate 3x3 Frame Structure Overview

The 3x3 Chalk Substrate Frame f8r oceanicareplantation is designed for use in Spain
(Mediterranean SeiaCoast of Vilanova | la Geltra), with a product lifespan of five years and
a total mass of 14 kilograms.

5.2.5 Frame 2 (3X3) Energy Consumption Analysis

Figure 55 displays the Eco Audit Energy Consumption results in a summary & graph format.
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Figure 55: 3X3 Frame Structure Energy Consumption (MJ)

The material phase is the most significant contributor to energy consumption, accounting for
49.6 MJ, which is 85.1% of the total energy usage. Limestone, Bamboo, and Hemp Fiber Rope
are the primary materials used. Limestone contributes 2 MJ, Bamboduatedra significant

46 MJ, and Hemp Fiber adds 1.5 MJ to the total energy consumption.

Energy consumption during the transportation phase totals 1.27 MJ, representing 2.2% of the
total energy usage. This phase involves two main stages: transporting materials from the Chalk
Quarry to the Deployment Site and then to coastal areas. The &iget sses light goods
vehicles over a distance of 40 km, consuming 1.2 MJ. The second stage involves boat over 8
km, adding another 0.03 MJ.

In the usage phase, the energy consumption is associated with the mobile mode -of diesel
powered boat. Annually, this phase consumes 4.57 MJ, leading to a total of 22.85 MJ over the
five-year lifespan of the product. This represents 7.8% of the total ecemgymption.

The disposal phase contributes 2.87 MJ to the ovenaltgy consumption, which is 4.9% of

the total energy usage. Limestone accounts for 2.5 MJ, Bamboo for 0.27 MJ, and Hemp Fiber
Rope for 0.075 MJ.

5.2.6 Frame 2 (3X3) C{rFootprint Analysis
Figure 56 displays the Eco Audit @Bootprint results in a summary & graph format.
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CO02 Footprint (kg)

1.57

0.5

Material Manufacture Transport e Disposal  Eol potential

-100 % Change +100
Chalk Substrate 3x3 Structure I 0%

Figure 56: 3X3 Frame Structure gbBmissions
The material phase is the largest contributor to CO2 emissions, accounting for 1.71 kg of CO2,
which is 73.4% of the total emissions. Limestone emits 0.048 kg of CO2, Bamboo emits 1.4
kg, and Hemp Fiber Rope emits 0.24 kg.
The transportation phase contributes 0.0915 kg of CO2 emissions, representing 3.9% of the
total emissions. 1t includes transporting ma
Facility and then from the facility to the deployment site The firgiestanvolving light goods
vehicles over 40 km, results in 0.089 kg of CO2 emissions. The second stage, involving boat
over 8 km, contributes 0.0022 kg of CO2.
The use phase results in CO2 emissions due to ghesadred boat, emitting 0.329 kg per year
and totalling 1.645 kg over the product's fiuear lifespan. This represents 14.1% of the total
CO2 emissions.
The disposal phase contributes 0.201 kg of CO2 emissions, which is 8.6% of the total
emissions. Limestone accounts for 0.18 kg, Bamboo for 0.019 kg, and Hemp Fiber Rope for
0.0053 kg.

5.2.7 Comparative Summary

o The 3x3 frame has higher energy consumption (58.3 MJ) and CO2 emissions (2.33 kg)
compared to the 2x3 frame (44.6 MJ and 1.8 kg, respectively).

o The material phase is the largest contributor to both energy consumption and CO2
emissions in both frames, primarily due to the use of Bamboo.

o The transportation and usage phases have proportionally higher impacts in the 3x3
frame due to its larger mass and increased energy requirements.

o Disposal phase impacts are also higher for the 3x3 frame, reflecting the greater material
volume that needs to be managed at the end of its life.

5.2.8 Ecedesign Conclusion

The Chalk Substrate 2XBame is more environmentally friendly compared to the 3x3 frame,
with lower total energy consumption and CO2 emissions. However, both structures could
benefit from further optimization, particularly in the material selection phase. Reducing the
reliance @ highimpact materials like Bamboo, optimizing transport logistics, and enhancing
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recycling and downcycling processes can further improve the sustainability of these ecological
restoration projects.

6. Validatior

This section describes the costs of all components involved in implementing the design and
carrying it out in large scale operation. Followed up by a risk analysis to examine the risks that
may occur during operation.

6.1 Cost price

The focus of this project is to find a caftective way of replantin@. OceanicaTo

measure if this has been achieved, a few parameters need to be considered. This allows for a
comparison to be made to compare the costs of the design with the conventional method of
manually planting th®. Oceanicmat a cost of 0100 000 per hect
These parameters are:

Material costs

Production cost

0 Labour cost

O¢ O«

6.1.1 Material cost

The materials required to produce this method consist of chalk, bamboo, and rope. The
components will be bought in bulk to decrease cost and increase production numbers. The cost
of materials is calculated based on the price per module.

During the experimental phase of the project, a part of these materials is acquired without cost.
The chalk rock for example is gathered from a nearby chalk quarry in Bellvei, Tarragona. The
owner of the quarry encourages the project and is thereforeyguptile research group with

the necessary amounts of chalk boulders to conduct experiments with to find a method that can

be put into large scale production. Therefore, there has not yet been made an agreement about
the price for the chalk once the prdjgmes into large scale production [35]. To make an
estimation of what the chalk per module is going to cost, the average price of limestone from
Spain is taken as value for calculation. Thi
a single modulef the design, an average of eleven kilos of chalk rock is required. This leaves
the estimated cost of chalk rock per modul e

Each module requires six sticks of bamboo with a length of 120 centimetres. Bamboo can be
boughtinsetsoftwenty i ve sti cks of 120 centi metres eac
[37]. Since each module requires six sticks of bamboo, a total affodules can be produced

with a single set. Therefore, the price of Db

The rope that is used is made of hemp and is a 100% natural material. And is bought in a local

gardening store in Vilanova I l a Geltr¥ for
requires 135 centimetres of rope to tie down the bamboo sticksIeBEves the cost of rope

per module at a mere 00, 03. To concl ude, t he
a single module in a 3x3 configuration resul
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6.1.2 Production cost

The production cost consists of the price of the machines and tools being used for production,
as well as the labour costs.

A rock cutting machine is used to cut the chalk boulders into the desired slices. Once the rocks
have been cut into slices, a semi round file is used to grind the slides into the desired shape and
to file the ditches for the bamboo to be placed in. Afteicty, the holes for the seeds to be put

in will be drilled with a handheld drilling machine. A handheld rock cutter, a drill, and a semi
rounded file are already owned by Sarti meaning its original purchase costs do not need to be

taken into account. Thepi ce of el ectricity in Spain |ies
cutter has an energy consumption of 2600 Watt, meaning that after an hour of slicing, it has
consumed 2,6kW costing 00, 08. Since the ene

costs deriving from electricity usage is not relevant to consider in the price calculation.

The rest of the production costs consist of the labour it takes to build and deploy the module.
To build the proposed design, the hours spend building the object must be put together to later
be calculated with salary. The cutting of the nine slabs nefededsingle module takes on
average five minutes. The most tho@nsuming part of building the module lies in the drilling

of the holes, gutters, and putting the framework together. All this combined takes up two hours
of labour. This concludes in two hsuof labour and half an hour of preparation time.

6.1.3 Price estimation per module

To calculate the cost of one module, every cost must be added together. This assessment does
not take the transportation cost to the deployment site into consideration since this can be done
with any vessel large enough to carry the module. Thereforengékiinreliable to take the

price of a preset model into the cost calculation since prices for seagoing vessels can vary
greatly. Taking the total cost of materials
cost of labour during production atrdnsport.
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6.2 Risk Analysis

To analyse the risks that might occur during the project, a SWOT analysis was used to
identify the strengths and weaknesses of the organization (figure 57). This analysis identifies
internal and external vulnerabilities, weaknesses, and threats. This aktna attention to be

paid to these points to prevent risks and utilize the possibilities.

weaknesses

Strengths

Access to actual deployment
and monitoring

Abundant availability of
relevant information

Access to simulation softwar

] " === SWOT

Broad assignment with a - Lack of skills with simulation
wide range of possible software

outcomes Dependency on resource
Guidance from experienced availability

researchers

Figure 57: SWOTanalysis
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7. Conclusion

In this project, we conducted an extensive analysis of various strategies for repRinting
oceanicaultimately developing a novel and sustainable approach. Our designed method, using
chalk and bamboo substrates, was shown to be botkeffestive and environmentally
friendly. The use of virtual simulations through OrcaFlex allowed us to refine agndesd

predict their behaviour under different marine conditions, enhancing the likelihood of
successful seedling transplantation.

Realworld tests corroborated our simulations, the first deployment consisted in deploying
single models demonstrating that the majority of our substrates remained stable and supported
the growth of P. oceanica seedlings. Although one of the deployedtigogd over, this was
attributed to an unforeseen collision rather than design flaws. As well as the second deployment
where a 2x3 model was deployed, the plot also remained stable and supported the growth of P.
oceanica seedlings. The overall positivécomes suggest that our method holds significant
promise for largescale and cosgffective replanting efforts. Our strategy not only meets
ecological and economic criteria but also offers a practical solution that could help mitigate the
decline of seagss meadows.

8. Recommendatio

In this EPS project, our team put a lot of effort into performing a detailed analysis, simulation,
and realworld implementation of the final design. However, the team has faced several
challenges and limitations that may affect the results in the future.

The main factors impacting the final design are the simplifications made in the simulation tool
(Orcaflex) and the constraints on time and resources for conducting tests during the real
deployment. Moreover, possible extreme weather water conditions (such as waves,
currents, etc.) and ocean acidification, which were not analysed in this project, may also affect
this solution in the future, especially when applying it on a large scale.

Therefore, to increase the chances of the successful replanting method of Posidonia Oceanica
seagrass, it is recommended to conduct multiple simulations and deployments from a boat
under various conditions, analyse the behaviour of the chalk rocks deeeuliftime periods,

and adjust the design as needed.
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Appendix A

The di mensions of the simulation Adummyo B1
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Appendix B:

Length of the simulation Adummyo M1 (170x77X
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Appendix C

Gantt chart for project planning
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Eco Audit Chalk Substrate Frame 1 (2x3) Report
\nsys Eco Audit Report
Product name Chalk Substrate 2x3 Structure
Country of use Spain
Product life (years) 5
Summary:
[ Energy [ CO2 footprint
100
80 I
g
&
2 e0
a.
2
%
§ a0
-
=
E
5
c
8
e 20
=
®
: m
0
-20
Material Manufacture Transport Use Disposal EoL potential
E g CO2 f s .
Phase Energy Energy CO2 footprint CO2 footprint
(MJ) (%) (kg) (%)
|material 38.7 86.7 1.38 76.5
M: f 0 0.0 0 0.0
[Transport 0.866 1.9 0.0623 3.5
Use 3.11 7.0 0.224 12.4
Disposal 1.97 4.4 0.138 7.6
[Total (for first life) 44.6 100 1.8 100
End of life potential -0.015 -0.00105
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