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Abstract

Hosted by the Instituto Superior de Engenharia do Porto (ISEP), the European Project Semester (EPS)
program facilitates an interdisciplinary environment for engineering students of diverse nationalities.
The projects serve as a multidisciplinary platform for the joint acquisition and application of technical
skills, specifically oriented toward the lifecycle of a proof-of-concept prototype, from initial design to

rigorous testing.

The ongoing degradation of marine ecosystems due to climate change and anthropogenic pressures
has severely reduced natural underwater habitats. Traditional artificial reefs offer structural
restoration but typically lack active environmental monitoring capabilities. To address this limitation,
this paper presents Maris Habitats, an innovative smart modular reef system developed within the
European Project Semester (EPS) framework at ISEP in 2026.

The proposed solution integrates stackable Reef Modules made of basalt fiber-reinforced concrete
with a removable Smart Module. The Smart Module consists of a Smartlogger and a Smartlogger
attachment. The Smartlogger contains the sensors, battery, SD card, and electronic components
needed for local environmental data logging. Throughout the development process, a robust
theoretical framework was established, positioning the project at the forefront of ethical design and
sustainability.

Significant technical challenges were encountered and mitigated, including managing multiple design
iterations, navigating a steep learning curve through external expert consultations, and overcoming
the inherent complexities of prototyping. Experimental testing of a downscaled prototype validated
the core operational logic and structural integration. Future developments will focus on pilot tests and
academic conferences to collect empirical data, establishing credibility before initiating institutional or
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commercial agreements, with the long-term goal of global oceanic deployment.
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Glossary
Abbreviation Description
BBN]J Biodiversity Beyond National Jurisdiction
BFRP Basalt Fiber-Reinforced Polymer
C2C Consumer-to-Consumer
CAC Customer Acquisition Cost
CAPEX Capital Expenditure
CPT Camptothecin
CTD Conductivity Temperature Depth
DaaS Data-as-a-Service
DVL Doppler Velocity Log
EPS European Project Semester
ESG Environmental, Social, and Governance
EU European Union
GEF Global Environment Facility
GNSS Global Navigation Satellite System
HSC High Strength Concrete
I°C Inter-Integrated Circuit
IMU Inertial Measuring Unit
loT Internet of Things
ISEP Instituto Superior de Engenharia do Porto
KPI Key Performance Indicator
MPA Marine Protected Areas
NGOs Non-governmental Organizations
NPT National Pipe Tapered
NRL Nature Restoration Law
OBC On Board Computer
PDMS Polydimethylsiloxane
PMS Power Management System
RTC Real Time Clock
SAC Sulfoaluminate Cement
SD Secure Digital
SDG Sustainable Development Goals
SLIPS Slippery Liquid-Infused Porous Surfaces
SMART gggc_li_?'r;,elillbeoaus:drable, Achievable, Relevant
SWOT _?_Errir;gtghs, Weaknesses, Opportunities and
TDS Total Dissolved Solids
UN United Nations
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Abbreviation Description

USB Universal Serial Bus

WBS Work Breakdown Structure
WWEF World Wide Fund for Nature

2026/02/16 22:32 - epsatisep - 0 Comments

1. Introduction

This chapter introduces the project's foundational elements, beginning with the team’s composition
and motivation. It defines the core problem, the proposed solution, and the primary objectives.
Finally, it outlines the technical requirements and the testing procedures used to verify their
fulfillment.

1.1 Presentation

The 'Divers' team comprises six students from various nations with diverse academic backgrounds.
Brought together at ISEP to participate in the EPS, the team objective is to leverage the collective
skills to develop a sustainable solution for a real-world challenge. Figure 2 shows the group that
represents Maris Habitats.
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Figure 2: The 'Divers' team

Table 1: Divers team

Name Country [Field of Study

Hernan Nieto Marabini Spain Biomedical Engineering

Chaehee Kim South Korea|Industrial Engineering

lda Schmitt Germany |Interactive Media

Isak Bjork Finland Electrical Engineering & Automation
Louis Van Nederkassel Belgium Product Development

Oda Kristine Johansen FossvollNorway Information Technology

1.2 Motivation

The motivation for this project is based on the growing concern about the degradation of marine
ecosystems and the decline of natural reef habitats. Coral reefs and other complex seabed structures
provide important habitats for many marine species, including fish, invertebrates, and algae.
However, many of these ecosystems are currently under pressure due to factors such as climate
change, pollution, overfishing, and habitat destruction.

Artificial reefs have been proposed as one possible approach to support marine biodiversity and help
restore degraded habitats. By creating structures that mimic the complexity of natural reef
environments, artificial reefs may provide shelter, feeding areas, and breeding grounds for marine
organisms. Understanding how different materials and structural designs influence these habitats is
therefore an important topic in marine environmental research.
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1.3 Product

Maris Habitats is a modular reef infrastructure and environmental monitoring system designed for
underwater environments. The product combines physical Reef Blocks with an optional removable
Smart Module, allowing it to provide both habitat support and long-term environmental data
collection.

The Reef Blocks are concrete habitat structures designed to be placed on the seabed. They include
surfaces, cavities, and sheltered spaces that may support habitat formation over time. Instead of
claiming immediate biological recovery, the product focuses on providing a physical structure that
can be used in marine restoration, research, or environmental monitoring projects.

The Smart Module is the removable monitoring assembly of the system. It consists of the Smartlogger
and the Smartlogger attachment. The Smartlogger is the rectangular box that contains the sensors,
battery, SD card, and electronic components used for environmental monitoring. The Smartlogger
attachment supports and holds the Smartlogger on the Reef Block.

The Smartlogger collects environmental data from selected locations around the reef structure. This
data can help users understand local site conditions and observe how the reef and surrounding
marine environment change over time. The monitoring system is designed to operate with low power
consumption and store data locally, reducing the need for continuous communication infrastructure.

The final product is intended for organizations such as public institutions, coastal municipalities,
research groups, environmental non-governmental organizations (NGOs), port authorities,
aquaculture operators, and marine infrastructure companies. These customers may use Maris
Habitats as part of restoration projects, long-term monitoring programs, sustainability reporting, or
environmental decision-making.

1.4 Problem

The basis for this idea is the global environmental challenge of marine ecosystem degradation. The
causes of this problem are multiple; global warming are raising ocean levels and ocean temperatures.
This is altering the conditions of most of the underwater ecosystems, and this evolves in multiple
species having to migrate from their original environments to new ones.

Another major issue is the impact of human fishing activities on marine ecosystems. Fishing is
practiced worldwide and is regulated by governments and various institutions. However, in some
areas, intensive fishing can disturb marine food chains and contribute to the decline of certain fish
populations. These changes may also affect other species that depend on balanced marine
ecosystems.

The third environmental concern is the decline of marine oxygen production and overall ecosystem
balance. Changes in marine fauna can also affect marine flora, including algae and coral reef
ecosystems. Coral reefs, such as the Great Barrier Reef, are under pressure from climate change,
rising sea temperatures, and other environmental stressors. Their degradation can affect biodiversity,
habitat quality, and the stability of marine ecosystems. Therefore, there is a growing need for
solutions that support marine restoration and long-term ecosystem monitoring.
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1.5 Objectives

This project focuses on developing a sustainable and technically feasible concept for a modular
artificial reef system with environmental monitoring functions. The main goal is not to prove
immediate biological recovery, but to design a reef structure and a basic sensing system that can
support future marine restoration and monitoring projects.

The first objective is to design a modular reef structure that can be adapted to different sites and
project sizes. The structure should be made of repeatable Reef Blocks that can be combined in
several ways. These blocks should provide surfaces, cavities, and sheltered spaces that may support
habitat formation over time.

Another important objective is to select materials that are suitable for marine conditions. For the final
design, durable and environmentally compatible materials, such as basalt fiber-reinforced concrete,
are considered because they can improve resistance to seawater conditions and reduce long-term
environmental risks [1], [2].

The project also aims to include a removable Smart Module. Instead of placing electronics
permanently inside the Reef Block, the system uses a Smartlogger placed in a Smartlogger
attachment. The Smart Module consists of the Smartlogger and the Smartlogger attachment. This
makes it easier to check, repair, or replace electronic components without removing the whole Reef
Block from the seabed.

A further objective is to collect useful environmental data. In the final system, the intended
parameters include temperature, pressure or depth, pH, and conductivity. This data can help users
understand the conditions around the installation site and observe how the surrounding marine
environment changes over time.

For the prototype, the objective is more limited. The prototype is intended to validate the basic
sensing and data logging concept under controlled conditions. Due to budget and component
availability, it uses a simplified sensor set, including temperature, pressure, and total dissolved solids
(TDS). The pH and conductivity sensors are reserved for the final product.

Finally, the project aims to reduce unnecessary disturbance to the marine environment. The
removable Smart Module allows maintenance, battery replacement, and data collection to be carried
out without disturbing the main Reef Block. Since the Smartlogger can be removed from the
Smartlogger attachment, failed or damaged electronic components can also be taken out instead of
being left underwater.

1.6 Requirements

This section defines the main requirements of the Maris Habitats system. The requirements are
divided into functional and non-functional categories. Functional requirements describe what the
system should do, while non-functional requirements define the conditions needed for safe and
reliable operation in a marine environment.

Because the project separates the final product from the prototype, the requirements are also
considered at two levels. The final product is intended for long-term marine deployment, while the
prototype is designed to validate the basic sensing and data logging concept under controlled
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conditions.

1.6.1 Functional Requirements

The physical reef structure must include cavities, textured surfaces, and sheltered spaces that may
support the attachment and growth of marine organisms over time [3].

The structure must be modular, so that several Reef Blocks can be combined and adapted to different
project sizes and site conditions.

The final system must collect environmental data at predefined time intervals. The intended final
measurement parameters include water temperature, pressure/depth, pH, and conductivity.

The prototype uses a simplified sensor set due to budget and component availability. For prototype
testing, the measured parameters include temperature, pressure, and TDS. The pH and conductivity
sensors are reserved for the final product.

The collected data must be stored locally using a data storage unit such as a Secure Digital (SD) card.
This allows long-term operation without relying on external communication infrastructure or real-time
underwater data transmission.

Energy consumption must be minimized to extend the operational lifetime of the monitoring system.
This is achieved through low-power operation, where the system remains active only during short
measurement cycles.

The system must perform measurements periodically, typically once per hour. During each cycle, the
system remains active only for the time required to stabilize sensor readings and store the data.

The Smartlogger must be removable from the Smartlogger attachment so that battery replacement,
sensor inspection, maintenance, and data retrieval can be carried out without removing the whole
Reef Block from the seabed.

1.6.2 Non-Functional Requirements

In addition to functional capabilities, the system must satisfy several non-functional requirements to
ensure safe and reliable operation in marine environments. Since the structure is deployed
underwater and interacts directly with marine ecosystems, material selection, structural stability,
waterproofing, and maintenance access are critical.

To avoid environmental risks, the Reef Block structure must be made from durable, non-toxic, and
environmentally compatible materials that do not release harmful substances into the marine
environment. Poorly selected artificial reef materials can create long-term environmental problems,
as shown by previous failed reef projects such as Osborne Reef [4].

For the final product, basalt fiber-reinforced concrete is considered as the main structural material
because basalt fibers are known for corrosion resistance and chemical stability in marine
environments [5].

The Reef Block must be designed to remain stable under expected currents and wave conditions
without displacement. Artificial reef guidelines emphasize that reef materials should be stable and
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remain at the intended deployment site [6].

All electronic components, including sensors, batteries, and storage units, must be enclosed in a
waterproof Smartlogger housing with at least IP68 protection to prevent water ingress and support
underwater operation [7].

The Smartlogger must be designed to reduce the risk of leakage, corrosion, and internal moisture.
Moisture-absorbing materials may be used inside the enclosure to help control condensation.

The Smartlogger design must allow access for maintenance, battery replacement, and data retrieval.
This is especially important because the system stores data locally and requires scheduled retrieval.

The prototype does not need to meet the same marine-grade requirements as the final product. It is
intended for controlled testing and should be clearly presented as a simplified validation model rather
than a final deployable system.

1.7 Tests

The main objective of testing the prototype is to verify that the Maris Habitats concept functions as
intended under controlled conditions. Since the prototype is a simplified validation model, the testing
phase focuses on three main aspects: the basic operation of the sensor system, the structural stability
of the Reef Block, and the protection of the electronic components. The final product is intended for
long-term marine deployment, whereas the prototype is primarily used to validate the measurement
and data-logging concept in a controlled environment. For this reason, the prototype tests will focus
on temperature, pressure, and Total Dissolved Solids (TDS) measurements, while more advanced
parameters such as pH and conductivity are reserved for the final product.

A structural test will be carried out using SOLIDWORKS simulation tools. This test will be used to
analyze how the Reef Block structure responds to applied forces and to evaluate whether the design
can withstand expected mechanical loads. The simulation will help identify possible weak points in the
structure and support further design improvements before physical production or deployment.

A prototype test will be performed in air to verify the basic functionality of the Smartlogger electronic
system. This test will confirm whether the sensors, microcontroller, power supply, and data storage
system operate correctly before any water-related testing is considered. The purpose of this stage is
to reduce technical risk by ensuring that the system can collect and store sensor data under safe and
controlled conditions.

These tests will provide an initial validation of the prototype and help determine whether the system
is ready for further development and more realistic environmental testing.

1.8 Report Structure

Chapter Description

1. Introduction Introduction to the project and the report

2. Background and related work Previous similar projects with common useful knowledge
3. Project management Distribution and important aspects about the project itself
4. Marketing plan Analysis of the market and economic feasibility
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2. Background and Related Work

This chapter reviews and compares several companies with relevant prior projects. The analysis
focuses not only on their core concepts and features but also on the materials, sensor mechanics, and
distinguishing factors such as biological and geographical analysis.

2.1 Introduction

This chapter establishes the technical and scientific foundation for the Maris Habitats project by
situating it within the broader context of artificial reef design and underwater environmental
monitoring. Traditional artificial reefs are usually passive structures that provide physical habitat
support, while marine monitoring systems are often treated as separate technical equipment.

Maris Habitats aims to connect these two areas by combining modular reef infrastructure with a
removable Smart Module. Instead of focusing on real-time data transmission, the system is designed
for long-term local data logging. This approach reduces technical complexity and makes the concept
more realistic for a low-power underwater system.

The chapter reviews artificial reef concepts, existing companies, material options, sensor placement
challenges, and biological and geographical factors. This background helps justify the project
direction: a modular Reef Block system supported by environmental data collection rather than a fully
live underwater Internet of Things (loT) platform.

2.2 Concepts

Artificial marine habitats can be designed in several ways to help restore marine ecosystems and
support endangered fish species. One approach is the use of 3D-printed reef structures, which can be
made from materials such as ceramic, limestone, or eco-concrete.

These materials are durable and suitable for marine environments. Examples of projects using this
approach include Reef Design Lab in Australia, which develops 3D-printed reef structures for marine
habitat restoration, and SECORE coral restoration projects, which focus on rebuilding damaged coral
reefs by supporting coral growth and reef recovery [8], [9].

Figure 3 shows an example of a 3D-printed artificial reef structure. This type of design is relevant to
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Maris Habitats because it shows how repeated artificial structures can create habitat complexity
underwater.

Figure 3: Example of a 3D-printed artificial ef structure used for marine habitat restoration [10]

Another commonly used solution is reef balls. These are concrete dome structures with holes that
mimic natural reef caves. Because of their simple design, they are easy to mass-produce and very
stable when placed on the seabed.

The holes and cavities provide immediate shelter for fish and other marine animals, allowing the
structures to quickly function as protective habitats [11], [12].
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Figure 4 presents an example of a reef ball structure. The holes in the concrete dome show how a
simple shape can still provide sheltered spaces for marine life.

! www.reefball.org
Figure 4: Example of reef ball structures used as artificial reef habitats [13]

A different method is the creation of Bio-Rock or electric reefs. These reefs consist of metal structures
through which a small electrical current is passed. This current causes minerals from seawater to
deposit onto the structure, gradually forming a limestone-like coating. Previous research showed that
corals under biorock treatment had higher growth than the control group, with an observed growth
ratio of 4:1 in the studied case. This technique is known as Bio-Rock technology [14].

Figure 5 shows an example of a Biorock reef structure that has been colonized by coral after
installation.
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F

Figure 5: Example of a Biorock reef structure colonized by coral in Indonesia. Image by U.S. Fish and
Wildlife Service Headquarters, licensed under CC BY 2.0 [15]

Artificial habitats can also be designed as modular “fish cities”. These structures include holes of
different sizes so that multiple fish species can use them for shelter. Vertical elements are often

incorporated to mimic natural reef cliffs, and the modules can be interconnected to create more

complex ecosystems that support a greater diversity of marine life [16].

Figure 6 shows rrreefs’ modular clay reef structure. This example is relevant to Maris Habitats

because it shows how repeated modular units can be arranged to create complex underwater
habitats.
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Figuré 6: rrreefs modular clay reef structure used for coral reef egeneration [17]

Another concept is the development of living seawalls. These are harbor walls or seawalls designed
with textured panels and cavities so that marine organisms can attach to them and live on them.
Instead of smooth concrete surfaces that support little life, these modified structures create habitats
for algae, small invertebrates, and fish [18].

Figure 7shows different living seawall panel designs. The image is useful because it shows how
surface texture, cavities, rock pools, and swim-through spaces can be added to hard coastal
structures to support marine life.

Figure 7: Examples of living seawall panel designs with different textures, cavities, rockpools, and
swim-through spaces [19]

Several endangered fish species can benefit from these types of artificial habitats, including the
Humphead wrasse, Nassau grouper, Atlantic Goliath Grouper, Smalltooth Sawfish, and the European
eel. Although many of these species grow quite large, the habitats are especially important for
juvenile fish. Young fish can use the structures as shelter and breeding areas, increasing their
chances of survival. When more juvenile fish survive, adult populations can recover and thrive. Larger
predators may also benefit by hunting around these habitats.

EPS@ISEP - https://www.eps2026-wiki4.dee.isep.ipp.pt/



Last update: 2026/05/28 11:15 report https://www.eps2026-wiki4.dee.isep.ipp.pt/doku.php?id=report

In habitat design, the shape of the structure is often more important than the material used. It is
important to include many holes and cavities in different sizes so that different fish species can find
suitable shelter. Vertical structures are also important because they mimic natural reef cliffs. In
addition, rough surface textures help corals and algae attach and grow on the structures. Finally,
ensuring good water flow around the habitat is essential, as it brings nutrients and oxygen that
support marine life.

2.3 Companies

This section reviews selected companies related to artificial reef systems and marine habitat
infrastructure. The aim is to understand how existing companies approach reef structure, material
choice, modularity, and ecological design.

The review also considers whether these solutions include monitoring or environmental data
collection as a core feature. This helps identify the position of Maris Habitats as a modular reef
infrastructure system with a removable Smart Module and long-term local data logging.

ECOncrete

ECOncrete is a company that develops bio-enhancing concrete technologies for coastal, marine, and
offshore infrastructure. Its solutions are designed to improve the ecological performance of concrete
structures while still maintaining their engineering function. The company’s approach is applied in
infrastructure such as ports, seawalls, coastal protection systems, offshore assets, and subsea cable
protection.

The main idea of ECOncrete is to make marine infrastructure less biologically poor than conventional
smooth concrete structures. This is achieved through changes in concrete composition, surface
texture, and structural design. According to the Living Ports project, ECOncrete’s rough and irregular
surfaces, gaps, and swim-through holes can create habitats, shelter, and breeding spaces for marine
organisms [20].

One example of ECOncrete’s application is the Living Ports Project at the Port of Vigo. In this project,
ECOncrete Coastalocks and ecologically enhanced seawalls were used to create nature-inclusive port
infrastructure. As shown in Figure 8, marine growth can develop on these concrete elements over
time, showing how infrastructure can maintain its coastal protection function while also supporting
ecological value.

However, ECOncrete is different from Maris Habitats in its main focus. Based on the available product
descriptions, ECOncrete mainly provides bio-enhancing concrete infrastructure rather than a modular
reef system with a removable Smart Module. There is also no clear indication that long-term local
data logging is included as a core product feature. Therefore, ECOncrete is a useful benchmark for
ecological concrete design, while Maris Habitats aims to add environmental data collection through a
removable Smart Module.
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Figure 8: ECOncrete bio-enhancing coastal protéction units used in the Li-vi'ng Ports Prjét at the Port
of Vigo [21]

Reef Design Lab

Reef Design Lab is an Australian design and fabrication company that develops artificial reef and
marine habitat solutions. The company describes its work as the design, prototyping, and
manufacturing of coastal solutions, with a focus on improving ecological performance in artificial reefs
and coastal habitat infrastructure [22].

One of its well-known systems is MARS, which stands for Modular Artificial Reef Structure. MARS is a
ceramic 3D-printed modular system designed to construct reef habitat without the need for heavy-
duty equipment. The system can be deployed from small boats and assembled by divers, making it
suitable for reef restoration projects in locations where large marine construction equipment may be
difficult to use [23].

Figure 9 shows Reef Design Lab’s MARS system. The image helps illustrate how a modular reef
structure can create habitat complexity while still being based on repeated units.

Reef Design Lab is relevant to Maris Habitats because both projects use modular reef structures and
focus on creating physical habitat infrastructure in underwater environments. The use of repeated
modular units also makes Reef Design Lab a useful benchmark for comparing scalability, deployment,
and structural complexity.

However, Reef Design Lab differs from Maris Habitats in its main focus. Based on the available
product descriptions, Reef Design Lab mainly focuses on reef design, 3D-printed structures, and
project-based marine habitat solutions. There is no clear indication that a removable Smart Module or
long-term local environmental data logging is included as a core product feature. Therefore, Reef
Design Lab is useful as a benchmark for modular reef design, while Maris Habitats aims to combine
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Reef Blocks with a removable Smart Module for long-term environmental observation.

Figure 9: Reef Design Lab's MARS system, a ceramic 3rinted modular a

rtificial reef structure [24]
IntelliReefs

IntelliReefs is a reef restoration initiative and technology platform connected to Reef Life Foundation.
It focuses on engineered artificial reef structures made from Oceanite, a bio-enhancing marine
substrate designed to mimic natural ocean mineral compounds. According to IntelliReefs, Oceanite
can be customized according to site, species, and function, and is used to create reef modules that
support coral, seaweed, kelp, and other marine organisms [25].

The main idea of IntelliReefs is to combine material science with reef design. Its Oceanite material is
described as a complex mineral matrix held together by a proprietary nanobinder, developed to
support diverse species growth and integration into local ecosystems [26]. The structures are
designed with textured and porous surfaces, as well as small spaces where marine organisms can
attach, be protected, and grow over time.

As shown in Figure 10, IntelliReefs uses modular reef units that can be arranged to create complex
underwater habitats. These structures are relevant to Maris Habitats because both concepts use
modular reef elements and aim to create underwater infrastructure that can interact with the
surrounding marine environment.

However, IntelliReefs differs from Maris Habitats in its main focus. Based on the available information,
IntelliReefs mainly focuses on Oceanite-based artificial reef structures and marine restoration
solutions. There is no clear indication that a removable Smart Module or long-term local
environmental data logging is included as a core product feature. Therefore, IntelliReefs is a useful
benchmark for alternative reef materials and ecological reef design, while Maris Habitats aims to
combine Reef Blocks with a removable Smart Module for long-term environmental observation.
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Figure 10 InteII|Reefs modular artnﬁcral reef structures made wrth Oceanite materlal [27]

rrreefs

rrreefs is a Swiss start-up that focuses on rebuilding and regenerating degraded coral reefs. The
company develops a 3D-printed modular reef system made from clay, designed to support coral
growth and provide habitat for marine life [28].

The rrreefs system is based on interlocking clay modules that can be arranged in different shapes
depending on the local reef conditions and restoration needs. These modules are designed to mimic
natural reef structures, create habitat diversity, and provide sheltered spaces for coral larvae, juvenile
fish, crustaceans, and other marine organisms. As shown in Figure 11, the modular units can form
complex underwater structures.

rrreefs is relevant to Maris Habitats because both concepts use modular reef structures and aim to
create underwater infrastructure that can interact with the surrounding marine environment. The
company is also relevant as a business benchmark because it operates as an impact-driven reef
restoration start-up and works with local partners to implement reef projects in different countries.

However, rrreefs differs from Maris Habitats in its main focus. rrreefs mainly focuses on coral reef
regeneration through 3D-printed clay reef modules and local restoration partnerships. Based on the
available product descriptions, there is no clear indication that a removable Smart Module or long-
term local environmental data logging is included as a core product feature. Therefore, rrreefs is a
useful benchmark for modular reef design and reef restoration business models, while Maris Habitats
aims to combine Reef Blocks with a removable Smart Module for long-term environmental
observation.
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Figure 11: Underwater view of rrreefs modular cIay reef structures used for coral reef regeneratlon
[29]

2.4 Comparative Analysis

The selected companies and solutions are evaluated based on criteria such as reef structure,

modularity, material approach, monitoring capability, data collection method, maintenance, and
suitability for long-term environmental observation.

Since Maris Habitats is designed to observe how an artificial reef and the surrounding marine
conditions change over time, the comparison looks beyond ecological enhancement. It also considers
whether each solution can collect, store, and retrieve environmental data for later analysis.

Table 2: Comparative overview of selected artificial reef and marine infrastructure companies and the
proposed Maris Habitats system

Reef Design

Criteria ECOncrete Lab IntelliReefs rrreefs Maris Habitats
Bio-enhancing Modular reef
. . concrete for Designed and |Oceanite-based |3D-printed infrastructure
Main business . . o
f marine and 3D-printed artificial reef modular clay |and
ocus . : ,
coastal reef structures |restoration reef restoration|environmental
infrastructure data
Eco-engineered |Modular reef |Artificial reef , Reef Blocks with
| | q Interlocking ional
Product type _concrete moQu es and m'odu es made 3D-printed clay an optiona
infrastructure design with Oceanite removable Smart

. - . reef modules
units services marine substrate Module
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Criteria ECOncrete EaeI:f Design IntelliReefs rrreefs Maris Habitats
Ports, .seawaIIs, Reef Reef installation,
shoreline . Coral reef Coral reef .
, . restoration . , environmental
Main protection, . restoration and |regeneration o
S and marine . . . monitoring, and
application offshore assets, , marine habitat |and habitat .
habitat . long-term site
and subsea cable , support creation .
. construction observation
protection
Modularity Moderate High High High High
Ecological , . . , ,
design focus High High High High Moderate to high
Bio-enhancing . 3D-printed clay |Basalt fiber-
. concrete Ceramic 3D- o .
Material / o . Oceanite bio- modules reinforced Reef
. composition, printed . e
design enhancing inspired by Blocks and a
surface texture, |modular reef :
approach marine substrate|natural reef removable Smart
and macro- structures
: structures Module
design
No clear
Integrated indication as a No clear No clear No clear Yes, inside the
sensors core product indication indication indication Smartlogger
feature
Real-t|r.ne.data No .clea)r Not specified |Not specified Not specified |No
transmission  |indication
No clear
Long-term indication as a
local data q Not specified |Not specified Not specified |Yes
logging core product
feature
SD card /
Data retrieval Not specified Not specified |Not specified Not specified scheduled annual
method Smartlogger
retrieval
Project-based . , Impact-driven |Reef Blocks with
) Design and Restoration ) :
. marine . . reef restoration|optional Smart
Service model |. project-based |project-based . .
infrastructure . . projects with  [Modules and
; reef solution  |solution :
solution local partners |data service
Ecological 3D-printed clay [Removable
, concrete material (Complex Alternative reef modules |Smart Module
Main :
) _ and modular reef |Oceanite-based |and local and long-term
differentiation |. . . , ,
infrastructure design reef material restoration environmental
integration partnerships |data

The comparison presented in Table 2 is based on publicly available information from company
websites, project descriptions, and related documentation. The selected companies represent
different approaches to artificial reef and marine infrastructure development. ECOncrete focuses on
bio-enhancing concrete for marine and coastal infrastructure [30]. Reef Design Lab focuses on
designed and 3D-printed reef structures for artificial reefs and coastal habitat infrastructure [31].
IntelliReefs uses Oceanite-based artificial reef structures for reef restoration and marine habitat
support [32]. rrreefs develops interlocking 3D-printed clay modules for coral reef regeneration [33].

Compared with these companies, Maris Habitats is positioned as a modular reef infrastructure and
environmental data solution. The project does not focus only on ecological design or reef structure,
but also on collecting environmental data around the reef over time.
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The main difference is the removable Smart Module, which includes the Smartlogger and the
Smartlogger attachment. The Smartlogger stores data locally and allows scheduled retrieval during
maintenance.

2.5 Materials

For this project involving a marine habitat at a maximum depth of 50 m off the Portuguese coast, the
materials must withstand a hydrostatic pressure of approximately 5 bar while supporting biological
growth and protecting the Smartlogger and its internal monitoring components. To ensure a high level
of efficiency and environmental compatibility, various materials used in international restoration
efforts have been analyzed.

The selection of materials and the structural design of artificial habitats are fundamental to ensuring
both environmental compatibility and long-term viability. For this project, concrete has been identified
as the primary material due to its durability and proven use in underwater construction. Its capacity
to provide structural integrity against significant environmental stressors, such as salinity, strong
currents, and wave action, makes it a common material for creating resilient marine foundations.
While the chemical properties of concrete, particularly its initial pH levels, have historically been a
point of debate, recent research has shifted the focus toward a more nuanced understanding of its
behavior in open marine environments [34].

Studies indicate that the high alkalinity of newly submerged concrete, typically between 12-14, is
rapidly diluted by seawater, resulting in no significant long-term detriment to coral growth or benthic
colonization [35]. This suggests that ecological success depends less on extended curing periods or
pH-neutral mixtures and more on the physical attributes of the habitat. Consequently, the following
sections will detail how this project prioritizes structural complexity, substrate durability, and
hydrodynamic stability [36]. By optimizing the weight-to-complexity ratio and ensuring low water
absorption, the design can help ensure that these structures remain stationary during extreme
weather events while providing the necessary niches for biodiversity to thrive [37].

Based on the research and articles reviewed, the following subsection evaluates different material
options, ranging from traditional foundations to innovative biocompatible substrates, in order to select
the most suitable materials for this specific implementation.

2.5.1. Structural Materials

A. Bacterial (Self-healing) High-Strength Concrete (HSC)

This material incorporates bacterial spores, specifically Bacillus sphaericus (strain ATCC 14577), which
remain dormant until a crack occurs. Water ingress activates the bacteria, which then precipitate
calcium carbonate to seal the crack [38].

e Pros: Achieves 96 % recovery in water tightness within 56 days of seawater immersion
[39]. It maintains structural integrity above 100 MPa, which is well above the hydrostatic
pressure expected at 50 m. It significantly reduces rebar corrosion by sealing entry points for
chloride ions [40].

e Cons: Higher complexity in mixing and requires specific nutrients like calcium lactate and urea
[41].

e Price: Estimated at 180 €/m® - 260 €/m°.
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B. Basalt Fiber-Reinforced Polymer (BFRP)

Basalt fibers, derived from natural volcanic rock, are used to reinforce concrete or as standalone
composite laminates [42].

e Pros: Naturally non-corrosive and chemically stable in aggressive saline environments [43].
Vacuum infusion manufacturing can produce laminates with flexural strength up to 400 MPa
[44]. It provides a more resilient, damage-tolerant failure mode compared to the brittle collapse
of traditional reinforced concrete [45].

e Cons: Slightly lower peak flexural strength compared to glass fibers, although superior in long-
term durability and environmental footprint [46].

e Price: Estimated at 160 €/m® - 220 €/m°.

C. Geopolymer Gel Concrete

A cement-free binder using materials like fly ash and metakaolin modified with nano-silica (SiO,) [47].

¢ Pros: Significantly lower CO, footprint than Portland cement [48]. It shows superior
resistance to chloride and sulfate attack in “wet-thermal” marine environments [49].

e Cons: Higher production costs currently limit wide adoption [50].

e Price: Estimated at 150 €/m’ - 200 €/m°.

D. ECOncrete® / Sulfoaluminate Cement (SAC)
A proprietary concrete mix designed to reduce surface alkalinity to a neutral pH [51].

e Pros: Surface pH of 9-10 (closer to seawater pH of around 8) promotes the settlement of
“ecosystem engineers” like oysters, serpulid worms, and coralline algae. These organisms
provide bioprotection, adding a calcified layer that strengthens the structure and limits

oxygen/chloride penetration [52].
e Cons: Requires specialized design to ensure the lower pH does not compromise the protection

of internal steel if used.
e Price: Estimated at 140 €/m® - 180 €/m°>.

E. Recycled Glass (Partial Aggregate Replacement)
Crushed waste glass used to replace up to 30 % of fine aggregates in the concrete mix [53].

e Pros: Improves chemical resistance and reduces water absorption [54]. It offers an eco-
friendly way to utilize waste while maintaining sufficient compressive strength for marine
applications [55].

e Cons: Replacing more than 30 % of aggregate leads to a significant reduction in
compressive strength [56].

* Price: Estimated at 90 €/m* - 140 €/m’.

F. Biorock (Mineral Accretion)

Uses low-voltage DC electricity to precipitate minerals (limestone) directly from seawater onto an iron
frame.

» Pros: Accelerates biological growth by 400 % and allows the structure to self-repair after
impacts [57].
e Cons: Requires constant power from a buoy; if the power is interrupted, the iron frame
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corrodes rapidly.
* Price: Base infrastructure 120 €/m* - 160 €/m? (excluding electrical components).

2.5.1.1 Comparative Table

The materials evaluated in the previous subsection are summarized in Table 3.

Table 3: Comparative table for materials evaluated

. Primary Estimated
Material Requirement Met Pros Cons Price / m®
Bacterial HSC Longevity / pressure |Autonomous repair; 36 | ;1. o mbjexity [180-260 €

resistance % watertight

Ba§alt Corrosion resistance Nqn.-corroswe; volcanic|Lower flexural 160-220 €

Reinforcement origin peak

Geopolymer Gel Low carbon and Lower CO,; chloride Higher

. : : . 150-200 €

Concrete chemical resistance |and sulfate resistance |production cost

ECOncrete® Marine-life friendly N'eutral pl-!; Specific mix 140-180 €
bioprotection needs

Recycled Glass  |Sustainability Increased chemical - |Strength [0ss g 144 ¢
resistance above 30 %

Biorock Life promotion 4:1 growth; self- Power 120-160 €
repairing dependent

2.5.1.2 Materials for Prototype vs. Final

The final Maris Habitats product and the prototype have different material requirements because they
have different purposes. The final product is intended for long-term underwater deployment, while the
prototype is mainly used to validate the Reef Block shape, assembly process, Smartlogger
attachment, and basic structural concept under controlled conditions.

For the final product, basalt fiber-reinforced concrete was selected as the intended material for the
Reef Blocks. This material was chosen because the final Reef Blocks must remain stable on the
seabed and resist long-term marine exposure, including saltwater, currents, wave action, and
material degradation. Basalt fiber-based materials are suitable for marine applications because they
offer mechanical performance and resistance to chemical and environmental degradation [58].
Concrete structures in marine environments must also be designed carefully because seawater
exposure, chloride and sulfate attack, corrosion processes, and wave action can cause deterioration
over time [59].

For the prototype, the material selection was based on practicality, cost, availability, and ease of
production. The prototype does not need to prove full marine durability because it is not intended for
real underwater deployment. Instead, it should help the team check whether the Reef Block shape,
Smartlogger position, Smartlogger attachment, assembly logic, and general handling are suitable.

During the prototype planning stage, three material options were considered:
Option 1: Polymer clay model

Polymer clay was considered during the early design stage because it can be shaped by hand and
hardened in an oven. This makes it useful for quick form exploration when the team needs to test
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different shapes before deciding on the final Reef Block geometry. Polymer clay remains soft until it is
baked, and baking is used to cure the material so that the shape becomes hard [60]. It can also be
stretched, cut, rolled, molded, stacked, and sculpted before baking, which makes it practical for small
visual models and early design tests [61].

However, polymer clay was not selected as the main prototype material because it is very different
from the final concrete-based product. It cannot represent the real weight, concrete surface texture,
porosity, or handling of the final Reef Block. It is also limited by oven size and is not suitable for
validating structural performance, Smartlogger attachment, seabed stability, or long-term marine
durability.

e Pros: Easy to shape, easy to modify before baking, low cost, and useful for early form
exploration.

e Cons: Very different from the final concrete-based material, limited by oven size, does not
represent real Reef Block weight, texture, porosity, or handling, and is not suitable for technical
validation.

Option 2: Cement-based prototype cast with a 3D-printed mold

A cement-based prototype is closer to the final concrete-based product because it can better
represent the general appearance, surface texture, weight, and handling of the Reef Block. Concrete
is widely used for artificial reef construction and can be used to create complex shapes for marine
habitat structures [62]. In this approach, PLA filament is used to produce a 3D-printed mold, and
cement is poured into the mold and left to cure. Therefore, PLA is not used as the final material of the
Reef Block prototype, but as a tooling material for shaping the cement-based model. PLA is suitable
for this purpose because it is commonly used for rapid prototyping and can also be used for mold
inserts or casting-related applications [(PrusaPLA)][(UltiMakerPLA)].

This option allows the team to combine the geometric accuracy of 3D printing with the more realistic
material behavior of a cement-based prototype. It is also low-cost and possible to produce locally.
However, the prototype is not intended for real underwater deployment, and normal cement does not
fully represent the final basalt fiber-reinforced concrete. Therefore, this option can be used to check
the general shape, handling, assembly, and Smartlogger attachment, but it cannot prove long-term
durability or full structural performance in marine conditions. For the final product, basalt fiber-
reinforced concrete would still be required because it is more suitable for long-term marine exposure
and resistance to chemical and environmental degradation [(BasaltFiberMarine2025)][(QU2021)].

e Pros: Similar appearance to the final material, more realistic weight and texture, accurate
geometry from the 3D-printed mold, low cost, and suitable for checking general shape,
handling, assembly, and Smartlogger attachment.

e Cons: Does not fully represent basalt fiber-reinforced concrete, harder to modify after casting,
requires curing time, and is not suitable for proving long-term marine durability because the
prototype is only intended for controlled testing.

Option 3: Fully 3D-printed scale model or 3D-printed details

A fully 3D-printed model can represent the geometry of the Reef Block, Smartlogger, and Smartlogger
attachment accurately. 3D printing is useful for rapid prototyping because it allows detailed shapes to
be produced and modified more easily during the design process [63]. For this reason, this option can
be useful for checking the modular shape, assembly process, Smartlogger attachment, and packaging
concept before producing a cement-based prototype.
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However, this option means that the Reef Block itself is made from 3D-printed plastic rather than
cement or concrete. Because of this, the material properties are different from the final concrete-
based product. A fully 3D-printed plastic model cannot represent the real weight, concrete surface
texture, porosity, or marine durability of the final Reef Block. Therefore, it is useful for geometry and
assembly validation, but not for checking realistic handling, seabed stability, or material behavior.

In the selected prototype approach, 3D printing is used mainly to produce the PLA mold for cement
casting, rather than to make the final Reef Block prototype itself. Additional 3D-printed parts may still
be used for small details or Smartlogger attachment features that require accurate geometry.

e Pros: Accurate geometry, easy to modify, fast to produce, suitable for assembly checks,
Smartlogger attachment tests, packaging checks, and presentation.

e Cons: Different from the final material, does not represent real Reef Block weight, concrete
surface texture, porosity, or marine durability, and is not suitable for material durability or
seabed stability testing.

2.5.2 Sensor Placements

Designing a successful marine habitat involves a delicate technical paradox. On one hand, the
project’s primary objective is to encourage biological colonization and the growth of marine life; on
the other, the integrated sensors require direct, unobstructed contact with seawater to maintain
accuracy. This necessity creates a significant challenge, as the very “bio-friendly” environment the
team aims to foster can lead to marine biofouling on sensitive equipment, which critically
compromises data reliability and sensor sensitivity [64].

To resolve this conflict, the strategy focuses on three integrated design pillars. First, a careful
selection of housing materials must be made to support structural durability while protecting the
internal components. Second, specialized antifouling coatings should be evaluated to prevent
accumulation on sensor windows without leaching harmful chemicals into the surrounding habitat.
Finally, the spatial distribution of the sensors must be strategically planned to allow for clear
measurements while minimizing their exposure to rapid biological growth. This balanced approach
ensures that the ecological goals do not come at the expense of long-term monitoring precision.

When positioning sensors, it is important to consider factors that may influence measurement
accuracy, such as turbulence and disturbed flow conditions. Careful placement can significantly
improve the reliability and consistency of the collected data.

The Smartlogger, which contains the sensors, is mounted at the top of the Smartlogger attachment to
reduce the risk of interaction with seabed sediment. However, the sensors themselves should not be
placed at the very top surface, as this location is more prone to biofouling, sediment accumulation,
and coverage by marine organisms, which can degrade sensor performance over time.

Instead, the sensors are preferably mounted on a side surface where there is sufficient and consistent
water flow. Positioning them slightly above the seabed further reduces the risk of sand and sediment
deposition, ensuring more stable and accurate measurements. This placement also allows the
surrounding water to circulate more freely around the sensors, which is particularly important for
measurements such as conductivity, where undisturbed water flow is essential for obtaining reliable
data.

In addition, the Smartlogger is positioned to be as accessible as possible to facilitate maintenance
operations, such as sensor cleaning, battery replacement, and data retrieval.
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2.5.2.1 Materials for Housing

The Smartlogger housing material must protect the internal electronics from high pressure and
corrosion while maintaining long-term durability in seawater environments.

Titanium alloy (TC4) or 316 L stainless steel are recommended for pressure resistance and
durability [65]. For deeper or long-term deployments, titanium can be considered because it is
described as a corrosion-resistant housing material suitable for long-term deployment in harsh

environments, with a depth rating up to 6000 m [66].

2.5.2.2 Antifouling Coatings

Even with durable housing materials, marine organisms may attach to exposed surfaces over time.
For this reason, antifouling coatings are considered to reduce biological growth on sensors and
maintain measurement accuracy.

* Polydimethylsiloxane (PDMS): A non-toxic, “fouling-release” coating that reduces the
adhesion of algae and barnacles [67].

e Camptothecin (CPT)-based Paint: A natural compound that has shown virtually no
macrofouling after nine months of immersion [68].

e Slippery Liquid-Infused Porous Surfaces (SLIPS): These provide exceptional resistance to
organism attachment even in stagnant water [69].

2.5.3 Biologic and geographical analysis

Fish structure

Fish populations are generally associated with habitats that exhibit high structural complexity and
spatial heterogeneity [70]. Research suggests that complex environments provide essential
ecological resources necessary for survival, including food availability, shelter from predators, and
suitable areas for reproduction. Structural features such as crevices, cavities, and irregular surfaces
may create microhabitats that support a greater diversity of marine organisms and increase the
overall ecological value of reef systems.

Artificial and natural reefs typically contain irregularities and indentations that form small shelters or
“nooks”, which can serve as refuge areas for fish and other marine organisms. These structural
features are believed to reduce predation risk and provide protected spaces where fish can rest or
reproduce.

Studies also indicate that fish communities tend to perform better in connected habitat mosaics
rather than isolated structures [71]. Networks of habitats may facilitate movement, feeding
opportunities, and ecological interactions between species, which can contribute to more stable and
diverse marine ecosystems.

Location

The location of artificial reefs plays a key role in determining their effectiveness. The chosen site
should encourage marine life to settle while avoiding interference with human activities such as
shipping routes or commercial fishing areas. Water depth is another important consideration. Reefs
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placed too deep may not receive enough sunlight to support the growth of marine plants like algae,
whereas reefs that are too shallow can be more vulnerable to damage from storms or human activity
[72].

Most of the artificial reef projects are placed at depths of 10-20 meters, but it all depends on which
species and what type of marine life the reefs intended for.

2.6 Summary

Chapter 2 gives an overview of existing artificial reef concepts, relevant companies, material choices,
sensor challenges, and biological and geographical factors. It shows that Maris Habitats differs from
many existing solutions by combining modular Reef Blocks with a removable Smart Module for long-
term local data logging. The chapter also highlights that successful reef design depends on durable
marine materials, structural complexity, suitable sensor placement, and careful site selection.

2026/02/16 21:06 - epsatisep - 0 Comments

3. Project Management

This chapter presents the project management approach used to organize and guide the development
of Maris Habitats. It briefly explains how the team managed scope, time, cost, quality, stakeholders,
communication, risk, procurement, and planning. The chapter also describes how Scrum and sprint
evaluations were used to support progress and adapt to challenges during the project

3.1 Introduction

Managing a project that intersects marine ecology, hardware engineering, and software development
requires a framework that balances rigid constraints with creative flexibility. This chapter details the
management strategy employed by the group, organized across key knowledge areas including
scope, risk, and procurement.

Due to the unpredictable nature of environmental hardware testing, an Agile methodology (SCRUM
based) was adopted. This iterative approach was essential for managing the project. By prioritizing
continuous feedback loops and adaptive planning, the team was able to pivot in response to technical
challenges without compromising the project's primary milestones or budgetary limits.

3.2 Scope

The scope of this project is the design and development of a functional prototype of a smart marine
habitat intended to support seafloor biodiversity and enable environmental monitoring in underwater
conditions. The project focuses on creating a concept that combines an artificial habitat structure with
a basic sensor system, while taking into account sustainability, durability, and ecological compatibility
[73].

From a product perspective, the project includes the development of a modular underwater habitat
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structure designed to provide shelter, attachment surfaces, and spatial complexity for marine
organisms. In addition, the product includes an integrated monitoring concept based on selected
sensors capable of collecting environmental data relevant to the surrounding habitat, such as
temperature, pH, turbidity, or depth, depending on technical feasibility and component availability.
The solution also includes a basic embedded electronics system for sensor integration, power
management, and data handling, as well as a conceptual approach for transmitting or presenting the
collected data. The overall product is intended to demonstrate how habitat restoration and
environmental monitoring can be combined into a sustainable solution.

From a project perspective, the scope includes the research and analysis required to understand the
environmental problem, existing artificial reef solutions, suitable structural materials, and underwater
sensor technologies. It also includes the definition of requirements, concept development, design
selection, structural modelling, component selection, and prototype integration. The project covers
the testing and validation of the prototype under limited and controlled conditions, together with the
assessment of market, sustainability, ethical, and project management aspects. The preparation of all
academic deliverables, including the report, presentation, poster, flyer, and supporting
documentation, is also part of the project scope.

The main outcome of the project is a functional prototype that demonstrates the technical feasibility
and conceptual value of a smart artificial marine habitat. The prototype is intended to serve as a
foundation for future development, testing, and scaling in real-world marine applications.

The Work Breakdown Structure (WBS) presented in the figures 12 and 13 illustrates how the Maris
Habitats system is divided into its main components and subsystems [74]. The diagram provides an
overview of the product architecture, showing how the habitat structure, sensor system, energy and
communication, deployment, and maintenance elements are organized.

Each main component is further broken down into smaller elements, representing the key
functionalities required for the system to operate. This visual representation helps clarify the scope of
the project by identifying all relevant parts of the system and their relationships.

Figure 12 presents the WBS for the product and Figure 13 the WBS of the project.
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3.3 Time

To ensure effective time management and the timely completion of the project, tasks were scheduled
to be completed during school hours and before weekends. This approach helped maintain steady
progress and allowed time for review and adjustments when needed [75].

The team followed the milestone schedule defined by the project supervisors over a total project
duration of 118 days, from 2026-02-28 to 2026-06-25. These milestones provided a structured
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framework to monitor progress and ensure alignment with the overall project timeline. Table 4
presents the defined milestones.

Table 4: Milestones for the project

Date

Description

2026-02-28

Choose and share your top-3 preferred project proposals via email to
epsatisep@gmail.com

2026-03-11

Upload the “black box” System Diagrams & Structural Drafts to the wiki
(Deliverables)

2026-03-18

Upload the List of Components and Materials (what & quantity) to the wiki
(Deliverables)

2026-03-21

Define the Project Backlog (what must be done and key deliverables - every member
should preferably participate in every task), Global Sprint Plan, Initial Sprint Plan
(which tasks should be included, who does what) and Release Gantt Chart of the
project and insert them on the wiki (Report)

2026-03-25

Upload the detailed System Schematics & Structural Drawings to the wiki
(Deliverables) and do the cardboard scale model of the structure

2026-04-12

Upload the Interim Report and Presentation to the wiki (Deliverables)

2026-04-16

Interim Presentation, Discussion and Peer, Teacher and Supervisor feedbacks

2026-04-22

Upload 3D model video to Deliverables

2026-04-29

Upload the final List of Materials (local providers & price, including VAT and
transportation) to Deliverables

2026-05-02

Upload refined Interim Report (based on Teacher & Supervisor Feedback)

2026-05-13

Upload packaging solution to Deliverables and Report

2026-05-27

Upload the results of the Functional Tests to the Report

2026-06-13

Upload the Final Report, Presentation, Video, Paper, Poster and Manual to
Deliverables

2026-06-18

Final Presentation, Individual Discussion and Assessment (reserve the whole day)

2026-06-23

Update the wiki, report, paper with all suggested corrections

Place in the Shared section of the MS Teams channel of your team a folder with the
refined deliverables (source + PDF) together with all code and drawings
produced

Hand in to the EPS coordinator a printed copy of the poster, brochure and leaflet

2026-06-25

Demonstration of the operation of the prototype

Hand in the prototype and user manual to the client

Receive the EPS@ISEP certificate

Bring typical food from your country

3.4 Cost

When estimating the total cost of the project, two main factors must be considered: employee

salaries and

the cost of materials and components.

The average salary for a junior engineer in Portugal is approximately 1 500 € per month, and the
project duration is five months. With a team of six employees, the total salary cost is calculated as: 6
employees x 1 500 € x 5 months = 45 000 €.

The material costs are divided into two categories: components and sensors. The total cost of the
electronics and components is 2215.66 €.
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A detailed overview of the individual component and sensor costs is provided in Table 5.

Table 5: Components and sensors with price

Item Type Price|Quantity Supplier Link
Adafruit 254 SD - module 6.45 € 1 Mouser link
ESP32-C3-DevKitM-1-N4X Microcontroller 6.80 € 1 Mouser link
DFR0O570 Buck converter 2.80 € 1 Mouser link
FDMMQO04GMC-XEQO MicroSD - card 21.88 € 1 Farnell link
MC3090082 Silica gel (moisture 4226€ 1 |Famell link
absorber)
LiFePO4 battery LiFePO4 battery 76.24 € 1 Innpo link
Watertight Box 5L gg)t(jerwater electrical 805.66 € 1 Bluerobotics |link
WetLink Penetrator Blank Penetrator blank (M10) 70.50 € 15 Bluerobotics |link
MCMFOW4BB2500A50 160 ohm resistance 0.55 € 1 Farnell link
Adafruit 2670 Perfboard / Breadboard 4.26 € 1 Mouser link
M316 SOA2CSS50- M3 screws for 555€ 1  |Farnell link
perfboard
BarXT Depth / Pressure / 329.19€ 1 Bluerobotics |link
Temp
?/Iuert\éeryor Analog pH Sensor / pH surveyor 2152 € 1 Atlas Scientific|link
Industrial pH Probe - No Temp pH test probe 226.95 € 1 Atlas Scientific|link
Industrial Conductivity Kit K 1.0  |Conductivity 595.05 € 1 Atlas Scientific|link
Total 2215.66 €

In addition to the component costs, supplier shipping costs for the electronic components and sensors
must also be taken into account. These are presented in Table 6. Including shipping, the total cost of
these components increases to 2526.11 €.

Table 6: Transportation and shipping costs

Supplier Cost (inc VAT) Shipping cost Notes

Innpo 76.24 € 5.08 €

Mouser 20.31 € 25.00 €|Free over 75 €
Farnell 70.24 € 11.99 €|Free over 75 €
Bluerobotics 1205.35 € 175.33 €|Prices in dollar
Atlas Scientific 843.52 € 93.05 €|Prices in dollar
Total (products) 2215.66 € 310.45 €

Grand Total 2526.11 €

The project includes the cost of structural materials used for the habitat modules. Each block/module
is composed of approximately 30 kg of concrete (C) and 70-90 g of basalt fiber (BF). These are shown

in Table 7.

Table 7: Price of the blocks

Material Unit price Quantity per block Cost per block|Link/Backup
Concrete (C) 89€ /1000 kg |(30kg 2.67 € link |—
Basalt Fiber (BF)|34.16 €/ 1.36 kg|70-90 g 1.76 € link {link
Total per block 4.43 €
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Based on current market prices, concrete costs 89 € per 1000 kg, while basalt fiber costs 34.16 € per
1.36 kg. This results in an estimated material cost of 2.67 € for concrete and 1.76 € for basalt fiber

per block.

Therefore, the total material

cost per block is approximately 4.43 €.

It should be noted that this estimate is based on small-scale purchasing prices. For larger production
volumes, the cost per unit is expected to decrease due to bulk pricing and supplier agreements.

The total cost of the project, including labor, electronics, components, sensors, transportation and
shipping, is estimated to be 47 526.11 €, excluding the structural material cost of the habitat blocks.
The structural material cost is estimated at 4.43 € per block, depending on the number of blocks

produced.

Table 8: Total cost

Cost category Description Total cost

Labor cost 6 employees x 1 500 € x 5 months 45 000.00 €

Electronics, components and sensors Total product cost including components 2215.66 €
and sensors

Transportation and shipping Shipping costs from all suppliers 31045 €

Total materials and sensors Components, sensors and shipping

. . - : 2526.11 €

including shipping combined

Structural material for habitat blocks Concrete and basalt fiber 4.43 € per block

Total project cost excluding habitat La.bor' + materials and sensors including 47 526.11 €

blocks shipping

It is important to note that this cost estimate represents the final product configuration, and not the

prototype.

Prototype list

When selecting electronic components for the prototype, efforts were made to replicate the final
product as closely as possible within the constraints of a 100 € budget. In addition, components were
sourced from as few suppliers as possible in order to minimize transportation and shipping costs.

The selected electronics use

d in the prototype are presented in Table 9.

Table 9: Prototype electronics

Item Type Price| Quantity Supplier Link
DS18B20 Temperature sensor 6.22 € 1 RS link
SEN0244 TDS sensor 10.18 € 1 Farnell link
SEN0257 Pressure sensor 15.09 € 1 Farnell link
Adafruit 254 SD - module 11.60 € 1 RS link
Arduino ABX00080 Microcontroller 17.44 € 1 Farnell link
FDMM004GMC-XEOO0 MicroSD card 21.88 € 1 Farnell link
4022211111 9 V alkaline battery 547 € 1 Farnell link
MP007080 Battery holder 341 € 1 Farnell link
MORO01SJ0472A10 4.7 kQ resistor 0.07 € 1 Farnell link
FITO096 Breadboard 2.50 € 1 Farnell link
Total 93.86 €
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The estimated total cost of the electronics is 102 €, including shipping, as summarized in Table 10.

Table 10: Prototype shipping costs

Supplier Cost (inc VAT) Shipping cost Notes

RS 17.82 € 8.00 €|Free over 95 €
Farnell 76.04 € 11.99 €/Free over 75 €
Total (products) 93.86 € 8.00 €

Total with shipping 101.86 €

For the remaining component selection, suppliers offering local pickup were prioritized in order to
avoid additional transportation costs.

These materials are summarized in Table 11.

Table 11: Low-cost prototype materials (Portugal)

Price
Product Type (incl.|Quantity|/Supplier |Link|Comment
VAT)
Concrete Used for
Cement (CEM Il 25 kg) . 539¢€ 1 Leroy Merlin|link |[structural
material
prototype blocks
Plastic lunchbox (single  |Prototype 3¢ 1 IKEA link |Simple enclosure
compartment) enclosure
Smaller plastic lunchbox |Backup enclosure 15€ 1 IKEA link |Backup option
PLA filament 1 kg Us_ed for 3D- 14.60 € 1 Filament 3D|link |Backup option
printed mold
Ceys Total Tech Universal
Glue and Sealant 290 ml |Silicone sealant 8.99 € 1 Leroy Merlin|link
Transparent
Continente cooking oil 1 L |Qil for enclosure 1.69 € 1 Continente |link gzggeodnly i
Total 35.17 €

The different prototype cost scenarios are summarized in Table 12, showing how additional materials
such as concrete and 3D printing filament affect the overall cost.

Table 12: Prototype cost scenarios

Scenario Total cost
Prototype (with shipping) 101.86 €
+ Airtight container (IKEA)| 104.86 €
+ Silicone sealant 113.85 €
+ Qil 115.54 €
+ Cement 121.19€
+ PLA (no cement) 130.14 €
+ Cement + PLA 13553 €

The impact of procurement strategy on shipping costs is shown in Table 13, where the difference
between in-store pickup and online ordering is highlighted.

Table 13: Shipping cost comparison for prototype materials
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Shipping o
Product Supplier [(store Shlp_pmg Comment
. (online)
pickup)
Cement (CEM II 25 kg) Leroy Merlin 0 €[TBC at checkout Shlppmg depenqs on address
and delivery option
Plastic lunchbox (single Standard small delivery, 4 €
compartment) IKEA 0€6¢€ with IKEA Family
Smaller plastic lunchbox Standard small delivery, 4 €
(backup) IKEA 0€j6€ with IKEA Family
PLA filament 1 kg Filament 3D 0 €|TBC at checkout Shipping must be confirmed
before purchase
. . Shipping depends on address
Silicone sealant Leroy Merlin 0 €[TBC at checkout : .
and delivery option
Oil Continente 0 €| -
Total 0€ TBC

Although the estimated total cost exceeds the budget, some components and materials may already
be available at the university, reducing the need for additional purchases. Furthermore,
transportation costs may be avoided if other groups are also ordering from the same supplier and the
total order exceeds the free shipping limit. Consequently, the actual cost is difficult to determine
precisely but is expected to be lower than the estimated 136 €.

The materials that were actually provided for the prototype were similar to the components and
materials originally requested by the team. Although some parts differed slightly from the initial list,
they fulfilled the same basic purpose and were suitable for building and testing the prototype. The
total cost of the provided prototype parts was approximately 90 €.

3.5 Quality

Quality in the project is ensured by defining measurable quality metrics for both the product and the
documentation. These metrics help the team evaluate whether the system works as intended, meets
the project requirements, and is clearly documented.

For the product, the main quality areas are sensor performance, waterproofing, structural stability,
data logging, energy efficiency, maintainability, and environmental compatibility. For the
documentation, quality is evaluated through clarity, completeness, structure, and consistency. The
metrics are reviewed through prototype testing, design reviews, sprint meetings, and supervisor
feedback [76] (See Table 14).

Table 14: Product and documentation quality

Reviewing

Metrics Description Threshold method

Sensors collect
environmental data such as|All prototype sensors provide |Functional sensor
temperature, pressure, and [readable values. test

TDS.

Sensor functionality

Data is saved in a readable
format after each SD card inspection
measurement cycle.

Sensor data is stored

Data logging locally on an SD card.
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Metrics

Description

Threshold

Reviewing
method

Structural stability

Reef blocks remain stable
under expected conditions.

Structure does not move easily
during controlled testing.

Stability test

Energy efficiency

System uses low power for
long-term operation.

Final system supports
approximately 340 days of
operation.

Battery calculation

Maintainability

Smartlogger can be
removed for service.

Battery, SD card, and sensors
can be accessed without
removing the whole reef
module.

Maintenance check

Documentation
quality

Report is clear, complete,
and well structured.

Required sections, figures,
tables, and sources are

Internal review and
supervisor feedback

Logging interval

between each saved
measurement.

10 seconds =1 second
between logged rows.

included.
Temperature Accuracy of the Within £2 °C of reference Reference
. thermometer
reading temperature sensor. thermometer. :
comparison
Accuracy of the time Compare

timestamps in the
CSV file

TDS reading

Accuracy of the TDS sensor
response.

Within £10 % of reference or
clearly changes between test
samples.

Controlled water
sample test

Pressure reading

Stability of the pressure
sensor output.

Reading variation less than
+10 % during a stable test
condition.

Serial Monitor
inspection

Turbidity reading

Response of the turbidity
sensor to interruption.

Sensor voltage changes by at
least 0.1 V when the sensor
area is interrupted.

Turbidity
interruption test

Review and Validation Process

The prototype will be checked by testing the main parts one by one. First, the team will confirm that
the smartlogger starts correctly and that the sensors give values in the Serial Monitor. Then the SD
card file will be opened to check that the values are stored with the correct time interval. The physical
prototype will also be checked by measuring the structure, testing that it stands stable. The results
from these checks will show whether the prototype is good enough for the final demonstration.

Acceptance Criteria

The prototype is good enough when it can run the logging program, read the sensors, and save data
to the SD card without stopping during the test. The structure must also be stable and possible to
handle without loose parts or damaged connections. Since this is only a prototype, the goal is to
prove that the concept works, not to prove that it is ready for long-term underwater use.

3.6 People

People involved in a project can create uncertainty if responsibilities, communication routines and
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workload are not clearly defined. For this reason, people management is important in the Maris
Habitats project. The project requires collaboration between team members from different academic
backgrounds, including design, electronics, software, documentation, sustainability and project
management.

The team does not have one permanent project manager. Instead, all team members share
responsibility for project progress, decision-making and following the project scope. Tasks are
distributed based on skills, availability, workload and interest in order to make the work more efficient
and balanced.

The key factors considered when assigning tasks are:
Skills and expertise

Each team member has different knowledge and technical strengths. Tasks are therefore assigned
according to individual skills, such as design, electronics, software, research, communication or
documentation. This helps improve the quality of the project outcome.

Roles and responsibilities

Clear roles and responsibilities are important to avoid confusion, duplicated work and missed tasks.
Each team member is responsible for completing assigned tasks and communicating progress to the
rest of the group.

Availability and workload

The workload should be distributed fairly between team members. Since the project includes many
different deliverables, such as the report, prototype, poster, video, manual and presentation, the
team must make sure that no member is overloaded.

Interest and motivation

When possible, tasks are assigned according to each member’s interests. This increases motivation,
engagement and productivity, while also helping the team produce better results.

Collaboration and team dynamics

Since Maris Habitats is a multidisciplinary project, collaboration is essential. Team members must
share information, support each other and communicate regularly to make sure that the structure,
smartlogger, documentation and prototype development remain aligned. See Table 15.

Table 15: Table of Roles and Responsibilities

People / Group Role Responsibility

Sponsor / Hosting |Provides the project framework, facilities, academic
ISEP T . o

institution structure and evaluation criteria.

Hernan Nieto Participates in research, concept development, design
o Team member . : . .

Marabini decisions, documentation and project deliverables.

Chaehee Kim Team member Parpapate; in research, planning, documentation and
project deliverables.

Ida Schmitt Team member Part|C|pates_|n V|sua.l communication, br.andlng:
documentation, design support and project deliverables.

Isak Bjork Team member Participates in electronics, sensor system development,

technical decisions and prototype work.
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People / Group Role Responsibility

Louis Van Participates in product design, structural development,
Team member ;

Nederkassel modelling and prototype work.

Oda Kristine Participates in documentation, project management,
Team member C . :

Johansen Fossvoll communication and project deliverables.

EPS Coordinator Coordinator Organizes the EPS process, facilitates control meetings and

supports project progress.

Provide technical and academic feedback, guide the team
and review project progress.

Provide knowledge, lectures, feedback and resources
related to different project areas.

Project supervisors |Supervisors

Professors Advisors

The purpose of this structure is to ensure that all team members understand their responsibilities and
contribute to the overall progress of the project. By combining different skills and distributing tasks
clearly, the team can reduce uncertainty and improve collaboration throughout the project.

3.7 Stakeholder Management

Stakeholder management is used to identify, analyze and communicate with the people, groups and
organizations that can affect or be affected by the project. For Maris Habitats, this is important
because the project combines academic requirements, technical development, marine restoration,
environmental monitoring and potential future users of the system.

The stakeholders were divided into internal and external groups. Internal stakeholders are directly
involved in the project development, such as the team members, EPS coordinator, supervisors and
professors. External stakeholders are not part of the daily project work, but they may influence the
project or benefit from the final solution. These include suppliers, research institutions, environmental
NGOs, public authorities, potential customers and marine life.

To understand how the team should communicate with each stakeholder, a power-interest matrix was
created. This matrix shows which stakeholders need close involvement, which should be kept
informed, and which only require limited monitoring. Figure 14 presents the stakeholder matrix for
Maris Habitats.
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Stakeholder Matrix - Maris Habitats
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Figure 14: Stakeholder matrix for Maris Habitats

The project team, supervisors, coordinator and client/project owner are placed in the high-interest
and high-power category because they are directly connected to project decisions, evaluation and
progress. These stakeholders must therefore be managed closely through regular meetings,
feedback, documentation and continuous communication.

Stakeholders such as ISEP and project supervisors have strong influence on the academic framework,
but they are not involved in every daily task. They should be kept satisfied through formal
deliverables, progress updates and clear communication. Future users, research institutions, NGOs
and possible investors have high interest in the final product, but limited influence during the current
prototype phase. These stakeholders should be kept informed through reports, presentations and
future collaboration opportunities. Stakeholders with low power and low interest, such as logistics
partners and the general public, only need to be monitored when relevant.

The stakeholder overview in Table 16 gives a more detailed explanation of each stakeholder’s role,
interest and engagement strategy.

Table 16: Stakeholder Overview
Stakeholder Role Interest in the Project Engagement Strategy
Successful project

Team members Project developers|completion and prototype
development

Academic Ensure that the project Weekly meetings and formal
coordinator follows EPS requirements communication

Academic and
Project supervisors |technical
supervisors

Daily communication, Scrum
meetings and Jira updates

EPS Coordinator

Guide the team and review |Weekly meetings, feedback
progress sessions and email
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Stakeholder Role Interest in the Project Engagement Strategy
. ... |Provide academic framework, Deliverables, presentations and
ISEP Hosting institution . . .
resources and evaluation project documentation
Professors Advisors Support learning and provide |Classes, fe;edback sessions and
expert feedback report review
S , Component Supply materials, sensors Email, supplier websites and
uppliers : . .
providers and electronics procurement planning
Research Future users / Use environmental data for |Reports, presentations and
institutions partners research and monitoring future collaboration
Environmental Future users / Support marine conservation |Project presentations and
NGOs partners and restoration sustainability documentation

Regulators /

Public authorities |potential Environmental management |Formal documentation and

customers and deployment approval future permit processes
!Vlarlne Potential Combine infrastructure with |Technical presentations and
infrastructure customers / . o . :
. environmental monitoring pilot projects
companies partners
o Primary Safe habitat, shelter and Environmentally safe design
Marine life e o
beneficiary ecosystem support and long-term monitoring

The main engagement strategy is based on regular communication and clear documentation. Internal
stakeholders are involved through weekly supervisor meetings, team meetings, Jira updates and wiki
documentation. Feedback from supervisors and professors is used to improve the design, prototype,
report and final deliverables.

For external stakeholders, the engagement strategy is more focused on presenting the value and
feasibility of the concept. This includes explaining how Maris Habitats can support marine restoration,
collect environmental data and reduce disturbance through the removable smartlogger.

Stakeholder-related risks include unclear communication, delayed feedback, supplier delays and
misunderstandings about project expectations. These risks are reduced through regular meetings,
defined responsibilities, updated documentation and early procurement planning.

Stakeholder management helps the team keep the project aligned with academic expectations,
technical requirements and future user needs. It also supports better decision-making and improves
the feasibility of Maris Habitats as a marine restoration and monitoring solution [77].

3.8 Communications

Effective communication is important to ensure coordination, transparency and steady progress
throughout the Maris Habitats project. Since the team consists of members from different academic
backgrounds and nationalities, clear communication routines are necessary to avoid
misunderstandings, distribute tasks effectively and keep all project work aligned [78].

Guidelines for Meetings
Meeting agenda

For the weekly supervisor meetings, a meeting agenda is prepared before the meeting. The agenda
includes the main topics to be discussed, current progress, challenges, questions for the supervisors
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and tasks that need clarification. This helps the team use the meeting time efficiently and ensures
that important issues are addressed.

Meeting minutes

Meeting minutes are written after the weekly meetings and uploaded to the wiki or shared with the
team. The minutes summarize the topics discussed, feedback received, decisions made and new
tasks or agreements. This makes it easier for all team members to follow up on responsibilities and
keep track of project progress.

Pitch

One person is responsible for leading the pitch and making sure that the agenda is followed. This role
can change between meetings depending on the topic being discussed and the team member
responsible for that area.

Note taker

The note taker documents the main points discussed during the meeting. This includes supervisor
feedback, decisions, action points and deadlines. The note taker is also responsible for helping update
the meeting minutes.

Time keeper

The time keeper helps the team stay within the planned meeting time. During supervisor meetings,
this responsibility is usually supported by the supervisors or professors, while in internal meetings the
team members manage the time together.

Table 17 shows the type of communications during the project.

Table 17: Communication Matrix
Communication

type Objective Medium |Frequency |Audience Deliverable
Introduce team
members, discuss Team Initial project
Kickoff meeting project proposals and |Face to face|Once . proj
. : members idea
define the project
direction.
Share completed
Daily Scrum work, current tasks  |Face to face|Daily oras |Team Task undates
meeting and possible / WhatsApp needed members P
obstacles.
Review project status Meeting
. . ' Weekly, Team agenda,
Weekly supervisor |receive feedback and .
) : , Face to face|every members and |meeting
meeting clarify technical or . .
Thursday supervisors |minutes and

project-related issues. updated tasks

Discuss design Jira updates
Project team decisions, divide Face to face Team P

) . As needed and task
meeting tasks and solve / online members allocation

project issues.
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::;pn;mumcatlon Objective Medium Frequency |Audience Deliverable
Keep the wiki and o
Documentation report updated with W.'k' / Weekly or Team Updated
. Microsoft  |after major |members and| " "
updates current project ; wiki/report
Teams updates supervisors
progress.
Contact suppllers, Email / Team Component list
Procurement compare prices and , and
R : supplier As needed |members and
communication clarify component . ; procurement
LY websites suppliers
availability. updates

Communication Tools and Means

Microsoft Teams is used as the main platform for receiving information, resources and
announcements from professors and supervisors. It is also used to access shared project material.

Outlook is used for formal communication with professors, supervisors and external contacts. This
includes meeting-related communication, questions and supplier contact when needed.

WhatsApp is used for fast internal communication between team members. It is mainly used for daily

updates, quick questions, reminders and urgent issues that need to be solved quickly.

Jira is used as the main project management tool. The team uses Jira to organize tasks, update
progress, manage sprint work and track responsibilities.

The wiki is used as the main documentation platform. Project information, report content,
deliverables, meeting minutes and progress updates are uploaded there throughout the project.

This communication structure helps the team maintain a clear workflow, follow deadlines and solve
problems early. Regular meetings, shared documentation and continuous task updates support
collaboration and ensure that all members remain informed about the development of Maris Habitats.
See 18 table for the communication approaches with stakeholders.

Table 18: Communication Approaches to Stakeholders

People / Stakeholder |Role Approach Frequency

Hernan Nieto Marabini Team member Face to face / WhatsApp / Jira |Daily

Chaehee Kim Team member Face to face / WhatsApp / Jira |Daily

Ida Schmitt Team member Face to face / WhatsApp / Jira |Daily

Isak Bjork Team member Face to face / WhatsApp / Jira |Daily

Louis Van Nederkassel Team member Face to face / WhatsApp / Jira |Daily

Oda Kristine Johansen Team member Face to face / WhatsApp / Jira |Daily

Fossvoll

Project supervisors Acgdemlc and technical Weekly meetings / email Weekly
guidance

Professors Academic advisors g:z;isles / Microsoft Teams / As needed

EPS coordinator Project coordination Microsoft Teams / email As needed

Suppliers Component and material Email / supplier websites As needed
providers

Research institutions, Potential future users or Future project

NGOs and public Email / presentations / reports h pro)

authorities partners phase
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3.9 Risk

The project involves several potential risks related to both technical and organizational aspects. One
of the main risks is technical failure, particularly in the integration of sensors, electronics, and
structural components in a marine-like environment. To reduce this risk, the system is tested in
controlled conditions and components are selected based on reliability and compatibility.

Another significant risk is project delays due to time constraints and task dependencies. This is
managed through sprint planning, regular meetings, and the use of buffer time to accommodate

unforeseen issues.

There is also a risk related to limited resources, including budget constraints and access to
specialized equipment or testing environments. This is addressed by prioritizing essential features
and selecting cost-effective solutions [79].

Team-related risks such as miscommunication or uneven workload distribution may affect progress.
These risks are mitigated through regular Scrum meetings, clear task allocation, and continuous
collaboration among team members (see Table 19).

Table 19: Table of different risks

components

exposure to saltwater

Risk Description Probability Impact E::lkel Mitigation Strategy
Failure in integration
. , of sensors,
Technical failure . electronics, and Medium High High Tegt components and
(sensors/electronics) . , validate system
structure in marine
conditions
Unstable or
Power system failure |insufficient energy , . , Optimize energy use
(battery/solar) supply affecting Medium High High and include backup
system performance
Integration issues Difficulties combining , , . Modular design and
system components |Medium High High . .
(hardware/software) . incremental testing
effectively
Delays caused by Sprint planning, regular
Project delays time constraints and |Medium High  |High meetings, and buffer
task dependencies time
Budget constraints o il
. and limited access to , , , Prioritize essentia
Limited resources , . Medium Medium|Medium |features and use cost-
equipment or testing . .
. effective solutions
environments
Lack of coordination
Regular Scrum
Team or unclear . . ;
i I - ... |Low Medium|High meetings and clear
miscommunication communication within S
communication
the team
Uneven workload Somg team members . Clear task allocation
o contribute less, Low Medium|Low .
distribution . and team collaboration
affecting progress
. , . Use corrosion-resistant
Corrosion of metallic Degradation due to Medium Medium|Medium |materials (BFRP,

coatings)
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Risk Description Probability Impact E:ailkel Mitigation Strategy
Extreme weather Harsh. cond|t|9r)s , , Stable structure and
affecting stability and |Low High  |Medium .
(storms, currents) secure anchoring
performance
Water entering
Waterproofing failure |electronic . Low High High Seal testing and proper
(IP68 breach) components causing enclosure
malfunction
Dgta transmission Loss or interruption of Medium Medium|Medium Local data storage and
failure data communication redundancy

To further support the risk assessment, a risk matrix based on probability and impact was used. The
matrix classifies risks into three categories: low, medium, and high, depending on their likelihood of
occurrence and potential impact on the project.

Based on this matrix, risks such as technical failure, power system failure, integration issues, and
project delays are classified as high risk, as they combine medium to high probability with high
impact. These risks require priority attention and mitigation (see Figure 15).

Impact —

1 2 3
1 Low Low Medium
2 Low Medium

3 Medium

— famgeqoud

Figure 15: Risk matrix

Risks such as limited resources, corrosion, extreme weather conditions, and data transmission failure
fall into the medium-risk category. These are monitored and addressed through preventive design
measures and planning.

Lower-risk factors, including team miscommunication and uneven workload distribution, are classified
as low risk, as they have limited impact and can be managed through regular communication and
task organization.

The use of this risk matrix provides a clear and structured way to prioritize risks and supports more
effective decision-making throughout the project [80].

3.10 Procurement

The procurement plan is presented in three tables. Table 20 provides an overview of the electrical
components required for the habitat, while Table 21 presents the material composition and cost of the
concrete blocks used in the habitat structure.

Each item includes both a primary supplier and a designated backup supplier, ensuring supply
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reliability and reducing the risk of delays due to stock shortages or delivery issues.

Table 20: Table of components with backup suppliers

Item Type First . Price|Link Backu_p Price|Link
supplier supplier
Depth / . . :
BarXT Bluerobotics | 329.19 €|link [RobotShop | 424.90 €|link
Pressure / Temp
Surveyor™ Analog pH Atlas . .
Sensor / Meter Ph surveyor Scientific 21.52 €|link |RobotShop | 27.95 €|link
Industrial pH Probe -No o, ot nrope  [AUS 226.95 € link |RobotShop | 296.31 €|link
Temp Scientific
Industrial Conductivity Kit o Atlas . :
K1.0 Conductivity Scientific 595.05 €|link |Augswan 569.99 €|link
Adafruit 254 SD - module Mouser 6.45 €|link |Farnell 7.11 €|link
ESP32-C3-DevKitM-1-N4X |Microcontroller |Mouser 6.80 €|link |Digikey 6.80 €|link
DFRO570 Buck converter |Mouser 2.80 €|link |Digikey 2.85 €|link
FDMM004GMC-XEOO MicroSD - card |Farnell 21.88 €|link |Digikey 21.70 €|link
Silica gel
MC3090082 (moisture Farnell 42.26 €|link [Amazon 55.41 €|link
absorber)
LiFePO4 battery LiFePO4 battery |Innpo 76.24 €|link |Amazon 80.31 €|link
Watertight Box 5L Under_water Bluerobotics | 805.66 €|link |[RobotShop 1075.70 link
electrical box €
Penetrator
WetLink Penetrator Blank |blank (M10) 15 |Bluerobotics | 70.50 €|link |[Robotshop | 100.50 €|link
pce
MCMFOW4BB2500A50 |10 ohm Farnell 0.55 €|link |Digikey 1.87 €link
resistance
. Perfboard / . .- :
Adafruit 2670 Breadboard Mouser 4.26 €|link |Digikey 4.21 €|link
M316 SOA2CSS50- M3 screws for o e 5.55 € link |Amazon 6.92 € link
perfboard
2215.66 2682.53
Total € €
Table 21: Table of the concrete blocks
Material First supplier Price/kg|Link |[Backup supplier Price/kg|Link
Concrete (C) Leroy Merlin 0.09 €|link |Narpes Byggcenter 0.20 €|link
Basalt Fiber (BF) Amazon 25.10 €|link  |Moertelshop 41.40 €|link
Total 25.19 € 41.40 €

3.11 Project Plan

3.11.1 Gantt Chart

The project schedule was visualized using a Gantt chart to illustrate the timeline and key phases of

the project.

As shown in Figure 16, the project timeline spans from March to June and includes overlapping phases
such as research, prototype development, and documentation.
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3.11.2 Global Sprint
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Figure 16: Gantt chart showing the project timeline from March to June.

The global sprint plan provides an overview of the project timeline, including the duration of each
sprint, start and end dates, and the number of available working days. Its main purpose is to ensure a
realistic distribution of workload based on the team’s availability throughout the project period. See
Table 22 for the global sprint plan.

By defining how long each sprint lasts and how many working days are available, the team can better
plan tasks and avoid overloading specific periods. Variations in working days reflect differences in
availability, such as holidays or other commitments, which allows for more accurate and achievable
planning.

Table 22: Table of Global Sprint Plan.

Sprint/Start |Finish |Working Days|Status
1 5 Mar |12 Mar |5 days Done
2 12 Mar |19 Mar |5 days Done
3 19 Mar |26 Mar |5 days Done
4 26 Mar |2 Apr |5 days Done
5 2 Apr |9 Apr |0 days Done
6 9 Apr |16 Apr |3 days Done
7 16 Apr |23 Apr |5 days Done
8 23 Apr |30 Apr |5 days Done
9 30 Apr |7 May |3 days Done
10 7 May (14 May|3 days Done
11 14 May|21 May|5 days Done
13 28 May|4 Jun |5 days Done
14 4Jun |11 Jun |5 days Done
15 11 Jun (18 Jun |5 days Started
16 18 Jun (25 Jun |5 days To do

3.11.3 Backlog

The project backlog contains all identified tasks required to complete the project. Tasks are
continuously updated and prioritized based on project needs, deadlines, and dependencies.
Completed tasks are marked as “Done”, while ongoing and future tasks are labeled accordingly. Table
23 lists the backlog.
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Table 23: Table of Backlog.

PBI|Title Status
A |Define project Done
B |System diagrams and structural plans|Done
C |Project backlog Done
D |State of the Art Done
E |Gantt chart Done
F |System diagrams and drafts Done
G |Global sprint plan Done
H |List of components and materials Done
| |Schematics and structural drawings |Done
] |Design development Done
K |Interim deliverables Done
L |3D model and video Done
M |Interim report and presentation Done
N |Functional testing Done
O |Packaging solution Done
P |Poster Done
Q |Folder and manual Done
R [Brochure and leaflet Done
S |Prototype Done
T |Video Done
V  [Final report To do
W |Upload final deliverables To do
X |Final presentation To do
Y |Final review and submission To do

3.11.4 Initial Sprint Plan

Sprint 1 (Week 3: 19 Mar - 26 Mar)

Sprint Goal: Establish the project foundation by defining roles, conducting initial research, and setting
up key project documentation (see Table 24).

Table 24: Initial Sprint Plan.
Sprint|Period Sprint Goal

Task

19 Mar - 26 Mar

Establish project foundation

Selection of materials

19 Mar - 26 Mar

Establish project foundation

Backlog, global & initial sprint plan, Gantt chart

19 Mar - 26 Mar

Establish project foundation

Detailed schematics

19 Mar - 26 Mar

Establish project foundation

Researching information

19 Mar - 26 Mar

Establish project foundation

Define project roles

19 Mar - 26 Mar

Establish project foundation

Flyer & logo presentation

19 Mar - 26 Mar

Establish project foundation

Cardboard model

19 Mar - 26 Mar

Establish project foundation

Wiki updates

19 Mar - 26 Mar

Establish project foundation

Daily scrum meetings

19 Mar - 26 Mar

Establish project foundation

Selection of components

RRrRFRFPR[R[R[R[R[FR][F

19 Mar - 26 Mar

Establish project foundation

Structural drawing
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The tasks in the sprint were divided into smaller activities, including research, documentation, design,
and planning, in order to ensure efficient progress. Responsibilities were distributed among team
members based on their respective roles, with a focus on areas such as research, documentation, and
design. By the end of the sprint, key project elements such as clearly defined team roles, initial
research, and planning documents had been completed, providing a solid foundation for the
subsequent sprints.

3.12 Sprint Outcomes

The sprints officially started from March 19th to March 26th, as the previous weeks were mainly used
to become familiar with Jira and project tools.

An overview of the outcomes from the initial sprints is presented in Table 25 and Table 26.

Table 25: Week 1 outcome

Sprint Period Objective Activities Outcome
. . B_ralnst(_)rmlng of p_rOJect ideas, Selection of project concept
Define project discussion of possible o .
1 Week 1 C . and initial understanding of
scope and direction |approaches, evaluation of act
feasibility project scope

Table 26: Week 2 outcome
Sprint|Period |Objective Activities Outcome

Continued research on artificial reefs
Develop system |and sensors, worked on the state of |Clearer understanding of

7 12 Mar - |concept and the art chapter, explored materials  |technical solutions and
19 Mar |research state of |and structural ideas, started defining |initial system concept
the art system components, followed defined
milestone plan
Sprint 3

The burndown chart for sprint 3 shows that additional tasks were identified and added at the
beginning of the sprint, resulting in an increase in the total amount of work. This reflects a better
understanding of the project requirements as the team moved from concept to design.

During the middle of the sprint, progress remained relatively stable, indicating that fewer tasks were
completed in that period. Towards the end of the sprint, a significant decrease in remaining work can
be observed, showing that most tasks were completed close to the deadline.

This pattern indicates that the team made substantial progress during sprint 3, particularly in the final
phase, where key design elements and system components were defined. It also highlights the need
for improved task distribution to ensure more consistent progress throughout the sprint (see Figure
17).
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Figure 17: Week 3 burndown chart
Sprint 4

The burndown chart for Sprint 4 shows a noticeable increase in workload at the beginning of the
sprint, indicating that additional tasks were identified as the project scope became clearer. This
reflects an ongoing refinement of requirements and system definition. Shown in Figure 18.

Throughout most of the sprint, progress was relatively slow, with only minor reductions in remaining
work. A more significant decrease occurs towards the end, suggesting that many tasks were
completed close to the deadline.

This pattern indicates that work was concentrated in the final phase of the sprint. Although the
planned objectives were achieved, this approach suggests a need for better time management and a
more even distribution of tasks across the sprint.

Remaining work Guideline
Mumber of story paints left to complate this sprint Ideal burn rate
LI—|
a0 |
]
= 20
=
5
]
0
i)
Mar 27 Mar 23 Mar31  Apri Apr3 Apr 5 Ape T Aprg Apr 11 Apri3

Figure 18: Week 4 burndown chart
Sprint 5

The burndown chart for Sprint 5 shows no significant changes in the remaining workload throughout
most of the sprint. This indicates that tasks were not actively tracked or completed within the sprint
period. Week 5 is shown in Figure 19.
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This sprint coincided with the Easter holiday, during which no substantial work was carried out.
Additionally, the project management tool (Jira) was not updated during this period, resulting in a lack
of visibility and progress tracking.

The sprint did not function as intended and cannot be considered effective from an Agile perspective.
The absence of recorded progress highlights the importance of maintaining consistent engagement
and updating project management tools, even during periods of reduced activity.

Date - April 2nd, 2026 - April Sth, 2026

Remaining work Guideline
Mumber of story paints left to complete this sprint Idaal burn rate

25

poants

Story

Aprd Apr & Apr T Apr§ Apr 11 Apr 13

Figure 19: Week 5 burndown chart
Sprint 6

The burndown chart for Sprint 6, shown in Figure 20, indicates limited progress during the initial
phase of the sprint, suggesting that relatively little work was carried out at the beginning of the
period.

An increase in the remaining workload can also be observed on April 14th, when new tasks were
added after the sprint had already started. This was partly caused by incomplete tasks from Sprint 5
being carried over into Sprint 6. As a result, the workload appears to increase rather than decrease at
that stage.

Towards the end of the sprint, a noticeable reduction in remaining work is observed, indicating that
several tasks were completed before the sprint was concluded.

This pattern reflects an improvement in task completion compared to the previous sprint. However, it
also highlights the importance of maintaining consistent progress and timely updates in order to
ensure accurate tracking and effective sprint execution.
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Date - April Sth, 2026 - April 16th, 2028

Remaining work Guideline

Mumber of stary points left to complete this sprint Ideal burn rate

Figure 20: Week 6 burndown chart

Sprint 7

The burndown chart for Sprint 7 shows that little or no progress was recorded during the first part of
the sprint. No significant task completion was registered until April 20th, when a new task was added
to the sprint. Most of the remaining work was then checked off on the final day of the sprint. This
indicates that tasks were either completed late or not updated continuously in Jira. As a result, the
burndown chart does not show a steady reduction in workload. This sprint demonstrates the
importance of updating tasks more regularly and ensuring that work is distributed more evenly
throughout the sprint. The burndown chart for Sprint 7 is shown in Figure 21.

Date - April 16th, 2026 - April 23rd, 2026

Remaining work Guideline
Mumber of story points left to complete this sprint Ideal burn rate

o
L

™
o-o0——o8

¥ poinis

Ston

Apr 17 Apria Apr 18 Apr 20 Apr 21 Apr 22 Apr 23
Figure 21: Week 7 burndown chart

Sprint 8

The burndown chart for Sprint 8 shows that the sprint was started before all tasks had been properly

added and assigned story points. This made the initial sprint planning less accurate and reduced the
reliability of the burndown chart.
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During the sprint, the workload was adjusted again. On April 28th, story points were added or
changed, which affected the chart after the sprint had already started. Despite these changes, all
tasks were completed by the end of the sprint.

Although the final outcome was positive, the chart shows that the sprint was not planned according to
Scrum principles, since tasks and story points should ideally be defined before the sprint begins. The
burndown chart for Sprint 8 is shown in Figure 22.

Date - April 23rd, 2026 - April 30th, 2026

— Remaining work — Guideline

Mumbear of story points left to completa this sprint Idaal burn rata

A

]
=1

tr =]
L,—x—u— e OO

o

Apr 23 Apr 24 Apr 25 Apr 26 Apr 27 Apr 28 Apr 29 Agr 30

Miata

Figure 22: Week 8 burndown chart
Sprint 9

The burndown chart showed a more positive development during sprint 9 shown in shown in Figure
23. This was mainly because no new tasks were added throughout the week, and completed tasks
were checked off regularly. However, the sprint contained relatively few tasks, and several of the
tasks that were completed were finished early in the sprint. The remaining tasks were more extensive
and required more time than expected, which resulted in them being moved to the next sprint.

Date - April SUth, 2028 - May fth, ZU28

— Remaining work . Guideline
Mumber of stery points left to complete this sprint Ideal burn rate

Miay 1 May 2 May 3 May 4 May 5 May & May 7
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Figure 23: Week 9 burndown chart

Sprint 10 Sprint 10 was a short sprint with only two working days. The sprint contained relatively few
tasks, and most of them were completed steadily during the sprint period. However, one task was
added after the sprint had already started. This is not ideal according to Scrum principles, because
the sprint backlog should normally be defined before the sprint begins. Adding tasks during the sprint
can make the burndown chart less accurate and affect the team’s ability to evaluate progress
correctly.

Despite this, the sprint was mostly successful because the planned workload was limited and the
tasks were completed within the short sprint period. The burndown chart for Sprint 10 is shown in
Figure 24.

Date - May 12th, 2026 - May 14th, 2026

— RErmaining work Guideline
MNumber of stary pnlrl'- left to complets this sprint Ideal burn rate

May 12, 08:00 PM May 13, 12200 AM May 13, DE0D AM May 13, 12:00 PM May 13, 06:00 PM May 14, 12:00 AM May 14, 0600 AM May 14, 12:00 PM

Figure 24: Week 10 burndown chart

Sprint 11 The burndown chart for Sprint 11 shows that no significant progress was recorded until the
final day of the sprint. This indicates poor workload distribution, as most tasks were either completed
late or not updated in Jira during the sprint. The lack of progress during the earlier part of the sprint
made it difficult to track whether the team was on schedule. It also reduced the usefulness of the
burndown chart as a project management tool. This sprint highlights the need for better time
management, earlier task completion, and more regular updates in Jira. The burndown chart for Sprint
11 is shown in Figure 25.
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Date - May 14th, 2026 - May 21st, 2026

Remaining wark Guideline

Mumber of story points left 1o complete this sprint Ideal burn rate

o-50

Story points

May 15 May 16 May 17 My 18 May 19 May 20 May 21

Figure 25: Week 1Ii:.l:burndown chart

Sprint 12 The burndown chart for Sprint 12 shows that limited progress was made at the beginning
of the sprint. As in previous sprints, a new task was added after the sprint had already started, which
changed the sprint scope during the sprint period. At the same time, one task was completed and
checked off, resulting in some reduction in remaining work. By the end of the sprint, only two
incomplete tasks remained. This shows that the team made progress and completed most of the
planned work, even though the sprint planning was not fully stable from the beginning. Sprint 12
shows an improvement compared with earlier sprints, but it also demonstrates that tasks should be
added and estimated before the sprint starts to improve planning accuracy. The burndown chart for
Sprint 12 is shown in Figure 26.

Date - May 21st, 2026 - May 28th, 2026

— Remaining work Guideline
Mumiber of stary points |ef 10 comgdete this sprint Idesd burn rate
20 b|l
o]
by
L
] - 1
1
1
May 22 May 23 My 24 May 25 May 26 May 27 May 26

Figure 26: Week 12 burndown chart

Sprint 13 The burndown chart for Sprint 13 shows that no significant progress was recorded until
June 1st. On this date, a new task was added to the sprint and assigned story points, which increased
the total workload after the sprint had already started. The sprint was also closed one day earlier than
planned. As a result, several tasks were not completed during Sprint 13 and had to be transferred to
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the Week 14 sprint. This affected the accuracy of the sprint outcome and shows that the planned
workload was not fully achieved. On June 3rd, a significant part of the sprint work was completed or
closed. However, because several tasks had already been moved forward, the sprint does not show a
steady or fully successful workflow. Sprint 13 highlights challenges related to late task creation,
incomplete sprint execution, and early sprint closure. It also shows the importance of completing and
updating tasks within the correct sprint period to ensure accurate progress tracking. The burndown
chart for Sprint 13 is shown in Figure 27.

Date - May 28th, 2026 - June dth, 2026

Remaining work Guideline

Mumber of story points left to complete this sprint Ideal burn rate

Stary peints

T—Q-J—i- T
O O

May 29 May 30 May 31 un 1 un 2 Jun 3 Jun 4

Figure 27: Week 13 burndown chart

Sprint 14 The burndown chart for the sprint from June 3rd to June 11th shows that the remaining
work did not decrease steadily according to the ideal guideline. During the first part of the sprint,
progress was limited, as the number of remaining story points stayed almost unchanged. A clearer
reduction can be seen around June 8th, indicating that several tasks were completed or updated at
the same time. Towards the end of the sprint, more progress was made, but the sprint still ended with
remaining work. This shows that the team made progress, but task completion and Jira updates were
not evenly distributed throughout the sprint. Sprint 14 is shown in Figure 28.

Date - June 3rd, 2026 - June Tith, 2026

— Remaining work Guideling
Number of story points left 1o complets this sprint Ideal burn rata

Jun 4 dun & Jun & Jun ¥ Jun 8 Jun 8 dJun 10 dun 11

Figure 28: Week 1'21“burndown chart
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3.13 Sprint Evaluations

Second week retrospective

Positive Aspects During this week, the team worked well together and showed good coordination in
roles and responsibilities. The wiki and Jira were kept relatively updated, and the team made solid
progress in research and design. There were also strong ideas developed for the project’s features,
structure, and overall concept, along with progress on the ethics work. Overall, the team showed
improvement in both collaboration and organization.

Challenges During this week, the team faced several challenges. There was a lack of clear discussion
about project expectations, which led to some uncertainty. Task division was not always effective, and
deadlines were not used efficiently. The wiki and report structure were somewhat disorganized, with
resources not properly organized or uploaded. Additionally, the team could have shown more
initiative and been more critical of their work. Overall, better structure, clarity, and efficiency are
needed moving forward.

Ideas for Improvement During this week, the team developed ideas to improve the project by
focusing on one main “smartblock” with simpler supporting blocks. They also explored sustainable
materials, clearer separation between prototype and final product, and ways to improve functionality,
such as adding sensors and using 3D printing.

Actions for Next Week For the next week, the team should focus on finalizing the structure and
deciding on the materials for the project. It is important to continue and complete the necessary
research while also developing the product design. The team should create a few sketches and
present them for feedback. Additionally, roles and tasks need to be clearly defined, and the wiki
should be properly updated with sources and kept organized. Work on communication materials such
as a flyer, key facts, and an elevator pitch should also be continued.

Third week retrospective

Positive Aspects During this week, the team made strong overall progress and showed improved
organization. The wiki was well maintained, and Jira was used effectively to keep track of tasks. The
product design became clearer, supported by good structural drawings and a successful cardboard
model. There was also progress in marketing, and the team had good planning for the upcoming
weeks. Overall, collaboration was strong, with everyone showing up on time and contributing to
steady progress.

Challenges During this week, the team faced challenges due to missing components, which slowed
progress and led to some waiting time. There were still uncertainties regarding materials, sensors,
and electronics, and decisions about these were not finalized. Parts of the wiki were disorganized, and
project management could have been more structured. Additionally, the team had not clearly defined
a target customer and needed to improve consistency in updating and sharing progress.

Ideas for Improvement During this week, the team developed ideas to improve planning and
analysis. This included visualizing the market analysis more clearly and creating a risk matrix to
better understand potential challenges. The team also focused on preparing for the interim
presentation in order to improve communication and confidence.

https://www.eps2026-wiki4.dee.isep.ipp.pt/ Printed on 2026/06/14 22:54



2026/06/14 22:54 59/133 Maris Habitats

Actions for Next Week For the next week, the team should focus on deciding on materials and
further developing the technical aspects, such as weight and water flow. Each member should take
clear responsibility for specific parts of the project and break tasks into smaller subtasks if needed.
The team should also create a plan for the upcoming period to stay organized and maintain steady
progress.

Fourth Week Retrospective

Positive Aspects During this week, the team successfully delivered the scheduled presentations,
and key project components were selected. This contributed to clarifying the technical direction of the
project and ensured alignment among team members.

Challenges The communication presentation did not meet expectations. The content and delivery
could have been better structured and more effectively communicated.

Ideas for Improvement No specific improvement ideas were identified during this period.

Actions for Next Week The team will focus on completing and submitting the interim report.
Emphasis will be placed on ensuring that all required sections are finalized and meet the expected
quality standards.

Fifth Week Retrospective
Positive Aspects The interim report was successfully completed and submitted, marking an

important milestone in the project timeline.

Challenges The report was finalized later than planned, indicating inefficiencies in time management
and task distribution. Ideally, the report should have been completed before the final deadline to
allow time for review and refinement.

Ideas for Improvement No additional improvement ideas were identified during this week.
Actions for Next Week The team will begin preparing for the interim presentation, focusing on
improving content clarity, structure, and delivery.

Sixth Week Retrospective

Positive Aspects The team made good progress in preparing for the interim presentation,
demonstrating improved coordination and focus on communication aspects.

Challenges Some challenges were encountered during the week; however, they were not clearly
identified or documented.

Ideas for Improvement Based on feedback from supervisors, the team identified the need to
improve the visual identity of the project, particularly by incorporating marine elements such as fish
into the flyer and branding materials.

Actions for Next Week The team will further develop the technical aspects of the smart system,
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with a particular focus on evaluating alternative battery options and improving the design of the
smart module. In addition, work will continue on creating a 3D model video of the product to support
visualization and presentation.

Seventh Week Retrospective

Positive Aspects The team identified a more suitable battery for the project, and the wiki was
further improved. In addition, a meeting was held with Manuel, the project supervisor, to discuss the
project and develop a more concrete plan moving forward.

Challenges The team was not able to create the 3D video as planned.

Ideas for Improvement No specific improvement ideas were identified during this sprint.

Actions for Next Week The team will finalize the selection of sensors, continue improving the wiki,
and complete the 3D video.

Eighth Week Retrospective

Positive Aspects The team conducted a meeting with a professor, which provided valuable
clarification on how to approach the project. The list of components and materials was finalized, and
the smartblock of the product was completed.

Challenges The team has not yet completed the 3D video and continues to face challenges in
effectively distributing tasks among members.

Ideas for Improvement

Improved task allocation and clearer responsibility distribution should be implemented to ensure
steady progress. In addition, intermediate deadlines may help avoid delays in deliverables such as the
3D video.

Actions for Next Week The team will prioritize completing the 3D video and establish a more
structured task distribution plan to improve workflow efficiency.

Ninth Week Retrospective

Positive Aspects The team started working on the scientific paper and completed the renders of the
3D model.

Challenges Due to vacation, limited progress was made during the sprint.

Ideas for Improvement Future sprint planning should take vacation and reduced availability into
account to ensure that the workload is realistic and achievable.

Actions for Next Week Next week, the team should focus on completing the leaflet and the
packaging solution.
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Tenth Week Retrospective

Positive Aspects Despite the shortened working week, several key deliverables were completed,
including the leaflet, packaging solution, 3D model, and user manual.

Challenges The sprint did not begin as originally planned, which reduced the available time for
completing the sprint tasks.

Ideas for Improvement Future sprints should start according to the planned schedule to ensure
that tasks are distributed more evenly throughout the sprint period. It may also be useful to account
for vacations or reduced availability when planning sprint goals.

Actions for Next Week Next week, the focus will be on refining the 3D model, starting the
prototype, and completing the scientific paper.

Eleventh Week Retrospective

Positive Aspects During this week, the team made important progress by figuring out how to
produce the 3D mould. The 3D video was also completed, and work began on both the testing phase
and the prototype.

Challenges The main challenge was that not all prototype components had arrived or were available.
This limited the team’s ability to continue with the full prototype assembly and testing as planned.

Ideas for Improvement No specific improvement ideas were identified during this sprint.

Actions for Next Week Next week, the team will focus on completing the scientific paper, starting
the concrete part of the prototype, and carrying out all planned tests.

Twelfth Week Retrospective

Positive Aspects

During this week, the team made good progress. The smartlogger was successfully made to work,
which was an important step for the prototype. The scientific paper is also close to being finished. In
addition, both the poster and the user manual were completed.

Challenges

The main challenge this week was that the 3D print drawing needs to be changed. This means that
some adjustments must be made before the 3D printed part can be produced or used in the final
prototype.

Ideas for Improvement
No specific improvement ideas were identified during this sprint.

Actions for Next Week
Next week, the team will focus on completing the prototype and making sure all parts are ready and
working as planned.
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Thirteenth Week Retrospective

Positive Aspects

During this week, the team made good progress with the prototype, and the prototype is now
working. The first part of the 3D printing was completed, which was an important step toward
finishing the physical model. The team also received feedback on the user manual, which will help
improve the final version.

Challenges

One challenge this week was the name change from Smartblock to Smartlogger, which required
updates in the documentation and project material. In addition, the scientific paper is still not
finished. The team is also waiting for the final part of the 3D mould before the prototype can be fully
completed.

Ideas for Improvement No specific improvement ideas were identified during this sprint.

Actions for Next Week Next week, the team will focus on completing the concrete prototype and
making sure all parts are working as planned. The team will also work on finishing the wiki and
updating the remaining documentation.

Fourteenth Week Retrospective

Positive Aspects During this week, the team delivered the scientific paper, completed the 3D print
mould, finalized the wiki, finished the video, and prepared the final presentation. These tasks were
important steps toward completing the final project deliverables.

Challenges One challenge during this week was that the flowchart still needed to be finished. In
addition, the team did not start the concrete part of the prototype as planned, which means this task
must be prioritized next.

Ideas for Improvement No specific improvement ideas were identified during this sprint.

Actions for Next Week Next week, the team will focus on completing the concrete prototype and
practicing the presentation. The team will also make sure that the remaining documentation and final
corrections are completed before submission.

3.14 Summary

The project has been managed using an iterative and structured approach, allowing the team to
balance technical challenges with continuous development. Through defined scope, milestone
planning, and Agile methods, the team has made steady progress in both design and implementation.
While some challenges remain, particularly related to decision-making and organization, the project is
moving forward with a clearer direction and improved collaboration.
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4. Marketing Plan

This chapter outlines the comprehensive marketing framework for the project. It details the
progression from the initial business idea and Business Model Canvas to the final strategic
positioning. Furthermore, it details the various market analyzes conducted and concludes with the
definition of the brand image.

4.1 Introduction

The marketing plan for Maris Habitats focuses on positioning the project as a modular reef
infrastructure and environmental data solution within the blue economy. Rather than claiming
immediate biological recovery, the project focuses on what it can directly provide: scalable Reef
Blocks, removable Smart Modules, and long-term environmental data.

The Reef Blocks create a physical structure in the marine environment and can provide surfaces,
cavities, and sheltered spaces that may support habitat formation over time. The Smartlogger collects
environmental data from selected locations, helping customers understand site conditions and
environmental changes around the reef.

This positioning is relevant for public institutions, coastal municipalities, research organizations,
environmental NGOs, port authorities, aquaculture operators, and marine infrastructure companies.
These customers may need reef infrastructure, environmental monitoring, or data-based support for
restoration evaluation, sustainability reporting, research, or decision-making.

This chapter defines the market context, target customers, positioning, and marketing-mix strategy
for Maris Habitats.

4.2 Business Ildea Formulation

The business idea of Maris Habitats is based on the need for marine habitat restoration and long-term
environmental monitoring. Coastal and offshore areas are increasingly affected by habitat
degradation, pollution, overfishing, and climate-related pressures. At the same time, the blue
economy is becoming more important, as it aims to use ocean resources for economic growth while
preserving the health of marine ecosystems [81].

Artificial reefs have already been used for habitat restoration, fishery enhancement, research, and
coastal management. However, their effectiveness depends on suitable design, site selection,
materials, and long-term monitoring [82], [83]. This creates an opportunity for a solution that does
not only provide a physical reef structure, but also supports environmental data collection.

Maris Habitats responds to this need by offering a modular Reef Block system with an optional Smart
Module. The Reef Blocks provide scalable underwater infrastructure, while the Smartlogger collects
environmental data from selected locations. The purpose of the data is to help customers understand
site conditions and observe how the reef and surrounding marine environment change over time.

The paying customers are not individual consumers, but organizations that benefit from better
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monitored marine environments. These may include public agencies, coastal municipalities,
environmental NGOs, research institutions, port authorities, aquaculture operators, and marine
infrastructure companies. For these customers, Maris Habitats can provide reef infrastructure and
data-based support for restoration evaluation, sustainability reporting, research, and decision-making.

The business model can be developed in stages. First, small pilot projects can be used to test the
structure, Smartlogger system, and data collection method. Second, customers can purchase Reef
Blocks and optional Smart Modules depending on the scale and purpose of the project. Third, annual
monitoring services can be offered, including battery replacement, sensor inspection, data collection,
and environmental reports.

This approach allows Maris Habitats to move beyond a one-time product sale. The project can be
positioned as a scalable marine restoration and monitoring service, where customers can start with a
small installation and expand the system over time.

4.3 Business Model Canvas

In this section, the Business Model Canvas for Maris Habitats is presented. Figure 29 provides an
overview of the main elements of the business model, including customer segments, value
proposition, channels, customer relationships, revenue streams, key resources, key activities, key
partners, and cost structure. Each section of the canvas is explained in more detail below.

Key Partners Key Activities Value Propositions Customer Relationships Customer Segments

Governments + Design & build the habitats Fish & Sea Life + high-quality data Fish & Sea Life
+ Location access & fishing + Install sensors on the + Improved quality of habitats & environment * Management reports « Niche, underserved market
regulations structure + Shelter & reproduction support shared across locations — diversified but focused
+ Restricted area + Deploy habitats on the Research Institutions + Long-term environmental Research Institutions
enforcement seabed & initiate + High-quality, multi-purpose research data partnerships as » Need reliable, high-quality
Research Institutions + Operate workshop / facility Governments investment foundation data
* Model development for structure construction + Sea life restoration Coastal Governments
reports & feedback + Better water quality, fish market quality & Non-Profits
Marine Operations price, general societal benefit
+ Big ships, buoys & diving Lock-in Effect
companies for sea + Solves sea problems without creating new
deployment ones

Key Resource Channels

Workshop / facility to build » Website
the structures + Social media
+ Direct contact with

HABITATS partners

Cost Structure Revenue Streams

+ Habitat construction materials & manufacturing process + Governments
+ Sensors & electronics materials « Financing through sustainability & environmental programs
+ Deployment costs (ships, divers, etc.) — potentially government-funded * Non-Profit Organizations
+ Grants & extra funding for sea restoration projects
« Private Funding
« Philanthropists & private NGOs investing in ocean restoration

Figure 29: Business Model Canvas
1. Customer Segments

Maris Habitats is designed to support marine life, but the paying customers are organizations that
manage, study, or protect marine environments. These include governments, coastal municipalities,
non-profit organizations, environmental NGOs, research institutions, port authorities, aquaculture
operators, and marine infrastructure companies.
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The project also involves other stakeholders. Marine organisms are the main ecological beneficiaries,
while society can benefit from healthier marine environments. Research institutions can also benefit
from the collected environmental data, which can support studies, monitoring activities, and decision-
making.

2. Value Proposition

Maris Habitats provides modular Reef Blocks that can create physical habitat structure in marine
environments. These structures may provide shelter and support habitat formation over time. The
project also offers an optional Smart Module for environmental monitoring. The Smartlogger collects
data from selected locations, which can help research institutions and public organizations
understand site conditions and environmental changes around the reef.

For governments and public institutions, the value of the project is connected to marine restoration,
environmental monitoring, and sustainability goals. For research institutions, the main value is access
to environmental data that can be used for analysis and long-term observation.

3. Channels

The primary focus is placed on reaching buyers through direct personal contact, while social
awareness and transparency are established through a dedicated website and social media presence.

4. Customer Relationships

The project aims to keep unnecessary human disturbance in the marine habitat as low as possible.
Since the Smartlogger stores data locally, maintenance and data retrieval can be planned as
scheduled operations instead of continuous site disturbance.

For research institutions, Maris Habitats can provide collected data and reports to support analysis
and cooperation between different locations. For governments and public institutions, the focus is on
developing long-term environmental partnerships that support restoration and monitoring projects.

5. Revenue Streams

Funding is generated through the strategic alignment of the project with government and non-profit
sustainability initiatives. By presenting the product as a vehicle for marine restoration and
environmental monitoring, the project can attract institutional support. This approach can also extend
to the private sector, where philanthropists and NGOs may support specific conservation milestones.

6. Key Resources

The main resource is the workspace, consisting of a facility with an initial area for research and
computer-based tasks, and a second area dedicated to building models through concrete molds and
structures, ranging from material modeling to sensor implementation and testing. If mass production
of the Reef Blocks is required, a factory will be necessary to produce them sequentially and at a
higher speed.

7. Key Activities

The scope of activities includes the design and construction of Reef Blocks, as well as the
development and installation of the Smartlogger system. This is followed by the deployment of the
Reef Blocks on the seabed and the initialization of the monitoring process. The management and
analysis of the resulting data can be supported by research centers and institutions.
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8. Key Partners

Governments are expected to act not only as clients but also as partners in determining site locations
and establishing fishing regulations in those areas. The relationship with research institutions is
mutually beneficial, as they are provided with data to analyze while offering feedback for the project.
Furthermore, partnerships are sought with marine businesses, ship owners, and diving enterprises to
assist with transportation and sea deployment.

9. Cost Structure

The total budget is divided among model construction, material and manufacturing costs, sensors,
electronic components, and deployment expenses, including ships, delivery, and divers. In small-scale
production, the team salary is also included. In the event of a transition to mass production, worker
salaries and factory-related costs would also need to be considered.

4.4 Market Analysis

Marine ecosystem degradation is increasingly recognized as both an environmental and economic
challenge. Coastal and offshore areas are affected by pressures such as climate change, pollution,
overfishing, and habitat loss. These pressures can reduce habitat quality and create a need for
restoration, monitoring, and better environmental decision-making [84], [85].

Artificial reefs have already been used in different parts of the world as tools for habitat support,
fishery enhancement, research, and coastal management. However, their effectiveness depends on
suitable site selection, structural design, material choice, and long-term observation [86], [87]. Many
existing reef solutions mainly function as physical structures and do not include environmental data
collection as a core feature.

At the same time, public institutions, research organizations, environmental NGOs, port authorities,
aquaculture operators, and marine infrastructure companies increasingly need measurable
environmental information. This data can support restoration evaluation, sustainability reporting,
research, and long-term site management.

This creates a market opportunity for a solution that combines modular reef infrastructure with
practical environmental monitoring. Maris Habitats responds to this gap by offering Reef Blocks that
can be installed alone or combined with an optional removable Smart Module. The Smartlogger
collects data at scheduled intervals and stores it locally for later retrieval, instead of relying on real-
time underwater communication.

The primary target market consists of institutional and organizational customers rather than
individual consumers. These include national and regional authorities, coastal municipalities, research
institutions, environmental NGOs, port authorities, aquaculture operators, and companies involved in
marine or coastal infrastructure.

The most realistic market entry strategy is gradual validation. Small pilot projects can first be used to
test the reef structure, Smartlogger system, maintenance process, and data retrieval method. After
technical validation, the system could be expanded through public funding, research partnerships,
environmental programs, or project-based services.

In this context, Maris Habitats is positioned as a modular reef infrastructure and environmental data
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solution. Its market value comes from combining scalable Reef Blocks with optional monitoring
services, allowing customers to start with a small installation and expand according to their budget,
monitoring needs, and project goals.

4.4.1 PESTEL Analysis

A PESTEL analysis is a tool used by many businesses to study the general external environment
before deciding on a business strategy. This environment is divided into political, economic, social,
technological, environmental, and legal factors. The analysis helps identify changes in society and the
market, allowing the business to adapt and position itself within this context.

4.4.1.1 Political

Politically, the current situation is favorable for projects related to marine restoration and
environmental monitoring. The European Union (EU) has identified similar environmental challenges
and has addressed them through the Nature Restoration Law (NRL), which requires member states to
take corrective action toward ecosystem restoration [88]. As a result, demand for restoration-related
solutions may increase, making the participation of public institutions and government agencies more
likely.

4.4.1.2 Legal

Following the same policy direction, the United Nations (UN) has adopted the High Seas Treaty, also
known as the Biodiversity Beyond National Jurisdiction (BBNJ) Agreement. This international
agreement provides a legal framework for establishing Marine Protected Areas (MPAs) in international
waters, emphasizing area-based management tools and environmental impact assessments in the
deep sea [89]. These operations align with the business proposal and provide a structured framework
that the project can follow.

4.4.1.3 Economic

Economically, marine restoration is moving from research-focused projects toward larger-scale
implementation, and the funds and budgets allocated to these efforts are growing accordingly. In line
with the previously mentioned regulations, substantial funding opportunities are available through
different organizations:

e The EU, through the LIFE Program, can co-finance environmental and nature-related projects,
including projects within nature and biodiversity calls [90]. Furthermore, under the specific
mission “Restore our Ocean and Waters,” 2026 calls have been launched with an indicative
budget exceeding € 115 M for topics including nature-based solutions and habitat mapping
[91].

* The Global Environment Facility (GEF) is also a relevant international funding mechanism for
environmental projects. For the GEF-8 funding period, donor governments pledged USD 5.33 B
to support global environmental challenges [92].

e Lastly, at the national level, both Spain and Portugal, which are potential target locations, have
initiatives related to fishing sustainability, marine restoration, and the blue economy. In Spain,
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examples include the PLEAMAR and Empleaverde+ programs [93], [94]. In Portugal, blue
economy funding initiatives such as Fundo Azul and Portugal Blue can also support ocean-
related innovation and sustainable marine development [95].

4.4.1.4 Social

On a social level, several arguments gain momentum year after year. The restoration and creation of
habitats have their primary impact on the creation of “shelter zones.” This allows for an increase in
biomass, which can help stabilize the economy of fishing areas and reduce conflicts arising from
resource scarcity. Furthermore, these habitats can indirectly support diving tourism by diverting
tourist pressure from overexploited natural reefs toward controlled and managed areas, promoting a
more sustainable blue economy.

In addition, the improvement of marine habitats can enhance water quality and help protect beaches
from erosion. This can increase the overall quality of life in coastal cities, particularly in high-tourism
regions such as the target countries, Spain and Portugal.

4.4.1.5 Technological

Technologically, the project is currently at its least mature point. There is an increasing need for
environmental activities to be monitored, recorded, and measured in order to demonstrate their
effectiveness and evaluate their results. Funding bodies, in particular, require reliable evidence from
supported projects. For this reason, the project depends on a simple monitoring system that can meet
these requirements without overcomplicating the process.

Other projects may involve 3D scanning of the implementation or restoration area for simulations, or
high-resolution mapping using sonar. However, the project goals do not include these types of
systems. Because of this technological gap, a simpler monitoring system is preferred to provide the
necessary information without relying on excessive, highly invasive, or unnecessary testing.

4.4.1.6 Environmental

The implementation of marine habitats is subject to strict oversight by regulatory bodies under the EU
Nature Restoration Law (NRL), which requires studies proving that the intervention will not negatively
alter pre-existing environmental dynamics [96]. To this end, baseline characterization studies are
conducted for later comparison after implementation.

Another study of great importance is ecological connectivity, which assesses interaction with the
surrounding environment. This can support the creation of ecological corridors that facilitate species
migration and climate change adaptation. Finally, other impact assessment and ecosystem service
studies can support the project and help ensure its success.

Despite these well-defined tests and studies, this area may be challenging due to numerous
regulatory requirements and limited professional experience in the field. Consequently, efforts will
need to be made to satisfy both technical and social requirements.
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4.4.2 SWOT Analysis

The main strengths, weaknesses, opportunities, and threats of Maris Habitats are summarized in
Figure 30.

STRENGTHS WEAKNESSES
= * Modular reef block system * No real-time data transmission
E * Removable smart sensor box » Marine-grade housing cost
= * Long-term environmental data logging * Annual retrieval required
£ » Marine-resistant material strategy * Prototype has limited sensor set
+ Scalable installation * Long-term impact needs validation
OPPORTUNITIES THREATS
=y » Marine monitoring data demand » Harsh marine conditions
E » Public restoration projects « Biofouling and corrosion
E * Research & university partnerships * Regulatory approval process
[ « Offshore/coastal infrastructure sites « Established competitors

» Paid annual monitoring service * Funding uncertainty

POSITIVE NEGATIVE
Figure 30: SWOT Analysis

4.4.2.1 Strengths

One of the main strengths of Maris Habitats is the combination of modular Reef Blocks and a
removable Smart Module. The system is not only designed as a physical reef structure, but also as a
tool for collecting environmental data around the reef over time.

Another strength is its modularity. Customers can start with a small number of Reef Blocks and later
expand the system depending on the project size, budget, and monitoring needs. Since the
Smartlogger can be removed from the Smartlogger attachment, maintenance, battery replacement,
and data retrieval can be carried out without removing the whole Reef Block from the seabed.

The system also has value for long-term environmental observation. Instead of relying on real-time
underwater communication, the Smartlogger stores data locally and allows the data to be retrieved
during scheduled maintenance. This reduces technical complexity and power consumption while still
supporting later analysis.

4.4.2.2 Weaknesses

A main weakness of Maris Habitats is the technical complexity of combining reef structures with
sensors, batteries, waterproof housing, and data storage. Even though the system avoids real-time
underwater transmission, the electronic components still need to operate reliably in harsh marine
conditions.
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Another weakness is the cost of marine-grade components. Pressure-resistant housings, underwater
connectors, and durable sensors can be expensive, especially for the final product. The prototype
uses lower-cost alternatives, but these are only suitable for controlled testing and cannot fully
represent long-term marine deployment.

Maintenance is also a limitation. The system is designed for long-term local data logging, but the
Smartlogger still needs to be retrieved periodically for battery replacement, sensor inspection, and
data collection. This may require divers or technical partners, which can increase operational costs.

4.4.2.3 Opportunities

Maris Habitats can benefit from the growing demand for marine restoration, environmental
monitoring, and data-based decision-making. Public institutions, coastal municipalities, research
organizations, NGOs, port authorities, aquaculture operators, and offshore infrastructure companies
may need solutions that combine reef infrastructure with environmental data collection.

There is also an opportunity to develop pilot projects with local authorities, universities, or marine
infrastructure partners. These pilot projects could help test the modular Reef Blocks, the removable
Smart Module, and the annual data retrieval process before larger-scale deployment.

Another opportunity is the development of a service-based model. In addition to selling Reef Blocks,
Maris Habitats could offer annual monitoring services, including battery replacement, sensor
inspection, data collection, and environmental reports. Basic datasets could also support research and
education, while project-specific analysis could be offered as a paid service.

4.4.2.4 Threats

Several threats are related to the marine environment itself. Strong currents, storms, pressure,
corrosion, and biofouling can affect the long-term performance of both the reef structure and the
Smartlogger. These factors may increase maintenance needs, reduce data quality, or shorten the
service life of some components.

Regulatory approval can also be a threat. Since the system is installed underwater and interacts with
marine environments, deployment may require permits, environmental assessments, and cooperation
with local authorities. This can delay implementation, especially for public restoration or coastal
infrastructure projects.

Existing companies in marine infrastructure, reef restoration, and marine monitoring may also create
competition. Some competitors may already have stronger market recognition, technical validation,
or established partnerships with public institutions and coastal stakeholders.

Funding uncertainty is another threat. Many potential customers, such as public institutions, NGOs,
and research organizations, may depend on project-based budgets, grants, or public funding. If
funding is delayed or limited, customers may postpone installation or choose only a smaller pilot
version.
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4.5 Strategy

This chapter details the Maris Habitats marketing strategy, establishing clear objectives, market
segmentation, and targeting. It defines the project's strategic positioning and concludes with a
comprehensive marketing mix, analyzing the 4 Ps: Product, Price, Place, and Promotion.

4.5.1 Strategic Objectives

To determine the team's objectives, a SMART framework was used, ensuring that the goals are
Specific, Measurable, Achievable, Relevant, and Time-bound. A 3- to 5-year horizon was defined to
reduce ambiguity and support strategic alignment.

¢ Short-to-Medium Term: The primary objective is to demonstrate the system's feasibility through
a functional prototype and establish strategic partnerships with research institutions, NGOs, and
local authorities for pilot deployment.

e Long Term: Beyond the initial scope, the project aims to scale the solution into a modular and
sustainable artificial reef system dedicated to marine ecosystem restoration and data-driven
coastal management.

Monitoring, Metrics, and Baselines

The implementation of specific and measurable Key Performance Indicators (KPIs) will help guide the
project. A longitudinal monitoring approach will be used by comparing post-deployment data with an
environmental baseline, also referred to as the “Year 0” measurements. This comparative approach
can help assess biodiversity changes, water quality improvement, and structural integrity over time
[97].

Critical Relevance in a Global Context

The relevance of these objectives is connected to the increasing pressure on marine ecosystems.
Habitat degradation can affect marine biodiversity, ecosystem services, and communities that depend
on the sea for food, tourism, and coastal protection. WWF also highlights that marine and coastal
ecosystems in Europe face threats from habitat destruction, pollution, and climate change, which
makes restoration planning more important [98]. For this reason, the strategy is not only a business
goal, but also part of a wider response to marine ecosystem degradation.

Achievability and the “Experimental” Paradigm

In line with recent marine restoration guidance, this project can be considered experimental because
it is still at an early validation stage and operates in a dynamic marine environment [99]. Unlike
mature projects with predictable outcomes, this project still needs to test technical boundaries
through prototypes, pilot deployment, and monitoring. Recognizing this experimental nature allows
the team to maintain operational flexibility. Marine variables, such as current shifts, temperature
fluctuations, and pH levels, require an adaptive management style, allowing the team to adjust its
approach without compromising the core strategic objectives.

4.5.2 Segmentation and Targeting
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Unlike traditional consumer products, this solution is not based on standard demographic or
psychographic segmentation. Instead, it focuses on geographic and environmental conditions,
especially coastal areas with similar marine characteristics.

At this stage, the main focus is on the Atlantic coast of Portugal and Northern Spain. These regions
have similar ocean conditions and biodiversity, which makes it easier to apply the system without
major design changes.

Although the European Union is the main institutional partner and initial market, the long-term goal is
to expand to other regions with similar marine environments. Potential areas include the northeastern
United States, southwestern Canada, western New Zealand, and central Chile.

In future developments, the system could also be adapted to different climates, including tropical and
colder regions, allowing for wider global application.

From this perspective, the targeting strategy focuses on the main stakeholders within these regions.
After identifying where the system can be implemented, it is important to define who benefits from it.

The project aims to support marine biodiversity, fish population growth, and better water quality. In
addition, it may help reduce coastal erosion and protect coastal infrastructure by absorbing wave
energy.

Unlike traditional solutions, the system also includes an optional Smart Module that collects
environmental data at scheduled intervals. This supports data-driven decision-making for coastal
management and long-term planning.

For these reasons, the main target audience includes national governments, regional authorities, and
coastal municipalities. These stakeholders are responsible for environmental management and have
the capacity to invest in long-term infrastructure.

The partnership strategy is based on three main criteria:

e Environmental awareness: recognition of marine ecosystem degradation
¢ Financial capacity: ability to support long-term investment
e Strategic alignment: consistency with sustainability policies

In this context, the EU Biodiversity Strategy for 2030 provides a strong framework because it aims to
protect nature, reverse ecosystem degradation, and put biodiversity on a path to recovery by 2030.
This makes Maris Habitats more aligned with European policy priorities for biodiversity and ecosystem
restoration [100].

4.5.3 Positioning

The positioning of Maris Habitats and selected existing companies is shown in Figure 31. The map is
based on two criteria: ecological reef design on the horizontal axis and environmental data /
monitoring capability on the vertical axis. These criteria were selected because Maris Habitats is
intended not only to provide a physical reef structure, but also to collect environmental data around
the reef over time.
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Figure 31 shows that Maris Habitats is positioned between reef-based habitat solutions and marine
data services, aiming to combine both ecological structure and environmental monitoring in one
modular system.

The positioning map includes two types of existing solutions. ECOncrete, Reef Design Lab, IntelliReefs,
and rrreefs are included as reef-related solutions, while XOCEAN is included as an example of a
marine data company. XOCEAN provides turnkey ocean data services using uncrewed surface
vessels, including seabed mapping and environmental monitoring. Therefore, it is positioned higher in
environmental data / monitoring capability, but lower in ecological reef design because it does not
focus on artificial reef or habitat structure development [101].

ECOncrete, Reef Design Lab, IntelliReefs, and rrreefs are positioned on the right side of the map
because their public product descriptions focus on ecological reef design, habitat creation, material
innovation, or reef restoration. ECOncrete provides bio-enhancing concrete solutions for marine
infrastructure [102]. Reef Design Lab designs, prototypes, and manufactures artificial reefs and
coastal habitat infrastructure [103]. IntelliReefs develops Oceanite-based reef restoration substrates
for marine restoration [104]. rrreefs rebuilds coral reefs using a 3D-printed modular system that
supports biodiversity and habitat creation [105].

However, compared with Maris Habitats, their public product descriptions do not clearly present a
removable Smart Module as a core feature of the reef system. This does not mean that these
companies do not collect any environmental data during projects. Rather, the map focuses on
whether environmental monitoring is presented as an integrated product function.

Maris Habitats is positioned in the upper-right area of the map because it combines modular Reef
Blocks with a removable Smart Module for environmental data collection. This position shows the
intended niche of Maris Habitats between artificial reef infrastructure and marine environmental
monitoring services.

Overall, the positioning map shows that Maris Habitats aims to combine ecological habitat support
with environmental monitoring in one modular system. Unlike companies that focus mainly on reef
structure or companies that focus mainly on data collection, Maris Habitats proposes a combined
solution that can support both habitat creation and long-term observation.

Environmental Data Collection

A

Low P Ecological Reef Design

REEF DESIGN LAB

Low
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Figure 31: Positioning map of selected existing solutions and the proposed Maris Habitats
system

4.5.4 Marketing-Mix
Product

Maris Habitats is a modular marine infrastructure and environmental monitoring system. The product
consists of Reef Blocks, an optional removable Smart Module, and a monitoring service based on
collected environmental data. The Reef Blocks are designed as modular underwater structures with
textured surfaces and connection gaps between blocks, which may provide attachment areas and
sheltered spaces for marine organisms over time [106].

The Smartlogger collects environmental data such as temperature, pressure/depth, and selected
water quality indicators from specific locations around the reef. The data is not intended to prove
immediate ecological recovery. Instead, it is used to observe how the reef structure and surrounding
marine conditions change over time, since artificial reef projects require long-term monitoring before
ecological outcomes can be evaluated [107].

The data-based monitoring service works by combining periodic data collection with maintenance and
reporting. The Smartlogger records and stores environmental measurements during deployment.
During maintenance visits, the data can be retrieved, checked, documented, and organized into
simple reports for the customer [108]. These reports can help public institutions, researchers, or
companies understand site conditions, compare changes over time, and plan future maintenance or
restoration decisions. In this way, the service adds value to the physical reef structure by supporting
long-term observation.

A key part of the product strategy is modularity. Customers can first install only the Reef Blocks and
later add the Smart Module if monitoring is needed. This gives public institutions and companies more
flexibility because they do not need to invest in the full system from the beginning.

The Smart Module is not included in every Reef Block. For larger installations, only selected Reef
Blocks may include the Smart Module in order to collect representative environmental data while
reducing the total system cost. The removable design also allows battery replacement, sensor
inspection, maintenance, and data retrieval without removing the whole Reef Block from the seabed.

The final product could include different service levels. A basic version would include the Reef Blocks
only. A standard version would include Reef Blocks and selected Smart Modules. A premium version
could include yearly maintenance, data collection, sensor inspection, battery replacement, and
environmental reports. In this way, Maris Habitats becomes more than a physical product; it becomes
a modular platform for reef infrastructure, environmental monitoring, and data-based service.

Price

The pricing strategy for Maris Habitats follows a modular, scalable, and tiered pricing model. Since the
system is composed of separate Reef Blocks and optional Smart Modules, the total price depends on
the number of Reef Blocks, the number of Smart Modules, the selected sensor package, and the level
of service required by the customer.
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In the early market entry stage, Maris Habitats could apply a penetration pricing strategy through
small pilot installations. Penetration pricing means setting a lower initial price for a new product or
service to attract customers and gain market share at the beginning of the product life cycle [109]. In
this project, the first installations could be offered at a lower introductory price to reduce the financial
risk for customers and encourage adoption. After the product gains credibility, field data, and
customer trust, the price could gradually move toward a standard market-based level.

The reef structure can be priced per Reef Block. This allows customers to start with a small pilot
installation and expand the system later by adding more Reef Blocks. For larger restoration or
monitoring areas, more Reef Blocks would be required, while smaller projects could begin with only a
limited number of units. This makes the product more flexible for public institutions, research
organizations, NGOs, and companies with different budgets.

The Smart Module would be offered as an optional add-on rather than being included in every Reef
Block. For example, if a project installs 50 Reef Blocks, it may only need 5 Smart Modules placed in
selected locations. These Smartloggers can collect representative environmental data from the site
while reducing the total cost of the system. This is important because large installations do not need
sensors in every single Reef Block.

A tiered pricing strategy could also be used for the Smart Module. Tiered pricing allows a product or
service to be divided into different levels based on features, service scope, or usage, so customers
can choose the option that best fits their needs and budget [110]. A basic package could include
essential sensors such as temperature and pressure/depth sensors. A standard package could include
additional water quality indicators such as conductivity or total dissolved solids. An advanced package
could include more specialized sensors or customized monitoring options for projects with higher
budgets or specific research needs.

In addition to the physical product, Maris Habitats could offer an annual monitoring service. This
service could include data retrieval, battery replacement, sensor cleaning, sensor inspection, and an
environmental report. The service could also be divided into different levels. For example, a basic
service could include only data retrieval and inspection, while a premium service could include regular
maintenance and a detailed environmental report.

Through this pricing model, customers can choose the level of product and service that fits their
budget and project scale. At the same time, Maris Habitats can create a more stable business model
by combining one-time product sales with recurring monitoring and maintenance services. This turns
Maris Habitats from a simple artificial reef product into a scalable marine restoration and monitoring
service.

Place

Because Maris Habitats is not a consumer product, it would not be distributed through normal retail
channels. The product is intended for institutional and project-based customers, such as public
authorities, coastal municipalities, port authorities, research institutions, environmental NGOs,
aquaculture operators, and marine infrastructure companies.

The distribution strategy should therefore be based on direct sales, partnerships, and pilot projects.
Instead of selling the product through shops, the team would approach potential customers directly
and offer project-specific solutions depending on the site, budget, monitoring needs, and
environmental goals.
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At the first stage, the main geographical focus would be the Atlantic coast of Portugal and Northern
Spain. These regions are suitable as an initial market because they are close to the project location
and have comparable marine conditions. Starting in nearby regions also makes communication,
testing, transport, installation, and maintenance easier.

After validation through pilot projects, Maris Habitats could be expanded to other coastal regions with
similar marine environments. Possible future markets include other European coastal areas and
international regions where artificial reef structures or environmental monitoring systems are needed.
However, expansion to different climates or ecosystems would require additional testing and local
adaptation.

The installation and maintenance process would likely require cooperation with local partners. These
may include diving teams, marine contractors, port operators, research institutions, or environmental
agencies. This partnership-based distribution model is important because underwater installation,
annual data retrieval, and sensor maintenance require site access and technical support.

Promotion

The promotion strategy should focus on clear, realistic, and evidence-based communication. Since
Maris Habitats is presented as an environmental solution, promotion must avoid exaggerated claims
or greenwashing. The system should not be promoted as a complete solution that can fully restore
marine ecosystems by itself. Instead, communication should explain what the system can realistically
provide: modular reef infrastructure, optional environmental monitoring, and long-term local data
collection.

The main promotional message should emphasize the difference between Maris Habitats and existing
artificial reef solutions. Many existing systems focus mainly on reef structure or ecological design.
Maris Habitats adds value by combining modular Reef Blocks with a removable Smart Module. The
Smartlogger stores environmental data locally for later analysis.

Promotion should be targeted at professional and institutional audiences rather than the general
consumer market. Suitable channels include direct presentations to public authorities, research
institutions, port authorities, environmental NGOs, and marine infrastructure companies. Promotion
could also include project reports, technical brochures, and presentations at conferences or events
related to marine restoration, environmental monitoring, coastal infrastructure, and sustainability.

Digital communication can also support promotion. A website or project page can explain the system,
show the modular structure, describe the Smartlogger, and present pilot project results when
available. Social media can be used for awareness, but the content should remain informative and
technical rather than overly promotional.

For early-stage promotion, pilot projects are especially important. Demonstrating the system in a
controlled or small-scale marine environment would help build credibility. Data collected from pilot
deployments could later be used in reports, presentations, and case studies to show how the system
works and what kind of environmental information it can provide.

Overall, the promotion strategy should present Maris Habitats as a realistic and modular solution for
marine infrastructure and environmental monitoring. The focus should be on transparency, technical
feasibility, long-term observation, and collaboration with institutions that are already involved in
marine restoration, research, or coastal management.
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4.5.5 Brand

The name of the product is Maris Habitats.Maris is of Latin origin, meaning “of the sea”. This name
was chosen to reflect the mission: to give back to the ocean and support the growth of new marine
habitats.

Logo

The Maris logo (see Figure 32) is inspired by the movement of the ocean: fluid and continuous. It
captures the essence of water through a single, uninterrupted line, symbolizing flow, connection, and
natural rhythm.

TS

HABITATS

Figure 32: Maris Habitats Logo

Color System

The Maris color palette (see Figure 33) is inspired by the depth and diversity of the ocean. It balances
cool aquatic tones with a vibrant accent, reflecting both calmness and life beneath the surface.

e Deep Sea Blue — #14004D Foundation color Represents depth, mystery, and stability

e Ocean Blue — #004AAD Core brand color Clear, strong, and evoking open water

e Fish Blue — #5C9FD5 Secondary tone Adds lightness and movement

e Sky Blue — #DDEBF6 Background color Soft, breathable, and minimal

e Coral Orange — #EE4C01 Accent color Inspired by coral reefs, used for highlights, energy,
and contrast

e Orca White — #F9F9F9 Neutral base Clean, modern, and versatile

Sky Blua
#DDEBFG

Orea White
#FOFIFS

Figure 33: Maris Habitats Brand Colors
Graphic Elements
The graphic language (see Figure 34) of Maris is derived from marine ecosystems, translating organic

underwater forms into bold, modern visuals. The organic shapes are inspired by coral, sea plants, and
flowing water. Shapes are soft, rounded, and natural. The elements overlap to create depth,
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mimicking underwater environments and ecosystems.

/4

Figure 34: Maris Habitats Graphic Elements

L.

4.6 Marketing Programes

4.6.1 Programs

To support the visibility and future development of Maris Habitats, the marketing programs are based
on four main activities. These activities combine digital communication, institutional cooperation,
public awareness, and prototype demonstration.

e Social Media & Digital Promotion: Digital communication will be used to present the project and
explain its main purpose. Instagram can be used to share visual updates and short videos for
students and the general public, while LinkedIn can be used for technical updates, project
milestones, and professional networking. A project page on the university website can also
include the project description, research goals, prototype progress, and basic data examples.
The content should clearly show the Reef Block design, the Smartlogger, and the environmental
monitoring concept.

e Collaboration with Universities and Marine Organizations: Collaboration with universities and
marine organizations is important for feedback, technical support, and future validation. The
main academic collaboration will be connected to the Instituto Superior de Engenharia do Porto
(ISEP), where the team can receive multidisciplinary support. In the future, the project could
also cooperate with marine research centers and local environmental organizations to improve
the design and make it more suitable for real marine conditions.

e Educational & Awareness Activities: Educational activities can help explain the value of artificial
reefs and environmental monitoring. The team can organize technical presentations or small
workshops for engineering and environmental science students. Awareness activities can also
be used to inform the local community about marine habitat restoration, biodiversity protection,
and the role of artificial reefs in supporting marine ecosystems.

e Prototype Demonstration: The prototype demonstration will show the physical concept of Maris
Habitats in a controlled environment. It can present the scaled Reef Block and the basic
operation of the Smartlogger prototype. This allows stakeholders to see how the structure,
sensor system, and data collection process work before any future marine deployment.

4.6.2 Budget

To keep the marketing activities realistic during the prototype and early dissemination stages, a small
and practical budget is planned. The costs are kept low by using free digital platforms, university
resources, and simple printed materials.
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e Social media promotion: € 0-50. Mainly organic posts, with small targeted ads if needed.
Posters & printing: € 30. Technical posters for presentations and institutional display.
Presentation materials: € 50. Handouts, visual materials, and support media for workshops or
meetings.

Prototype exhibition: € 200. Transport, exhibition materials, small fixtures, and demonstration
consumables.

Website / digital tools: € 0-30. Use of university subdomains, free website tools, or open-source
content management tools.

4.6.3 Control

To check whether the marketing programs are effective, simple control and feedback methods will be
used. These methods will help the team understand which activities work well and what should be
improved in future promotion and dissemination.

¢ Social Media Engagement Metrics: Digital communication results will be checked using the
analytics tools available on each platform. The main metrics include likes, shares, comments,
and overall reach. These results can be reviewed regularly to understand which content is more
effective and how future posts can be improved.

e Feedback from Professors & Students: After workshops, presentations, or project
demonstrations, feedback can be collected from professors, students, and other participants.
Simple surveys or feedback forms can be used to evaluate whether the project explanation is
clear, useful, and relevant. This feedback can help improve future presentations and
educational activities.

» Prototype Evaluation: The prototype can be evaluated during exhibitions and demonstrations
through observations and discussions with visitors, professors, and technical stakeholders.
Feedback about the Reef Block design, Smartlogger system, waterproofing, sensor accuracy,
and maintenance process can be used to improve the final product concept.

4.7 Summary

This chapter presented the marketing strategy for Maris Habitats. The analysis showed that the
project should target institutional and project-based customers, such as public authorities, coastal
municipalities, research institutions, environmental NGOs, port authorities, aquaculture operators,
and marine infrastructure companies.

Based on this market analysis, the team decided to position Maris Habitats as a modular reef
infrastructure and environmental monitoring solution. The product is intended for customers that
need scalable reef structures, long-term environmental observation, and data-based support for
restoration, research, or coastal management.

For this reason, the solution was designed with modular Reef Blocks, an optional removable Smart
Module, local data logging, and service-based monitoring options. These features allow customers to
start with a small pilot installation and expand the system according to their budget, site conditions,
and monitoring needs.

The next chapter examines the sustainability of this solution by considering its environmental,
economic, and social impacts, as well as its life cycle.
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5. Eco-efficiency Measures for Sustainability

This chapter presents the sustainability aspects of Maris Habitats by looking at environmental,
economic, and social impacts. It also explains how the product’s life cycle is considered from material
selection and production to maintenance and end-of-life.

5.1 Introduction

This chapter examines the environmental, economic and social dimensions of the project, as well as
the product’s life cycle, in order to assess its overall sustainability. The aim is to highlight the
considerations taken to minimize negative environmental impacts when introducing artificial
structures into marine ecosystems.

Particular attention is given to ensuring that the solution does not further disrupt or degrade existing
ocean environments. This includes evaluating how the design, material selection, and long-term use
of the product can prevent pollution and reduce ecological harm. By adopting a life cycle perspective,
the chapter also addresses how the product can be managed responsibly from production to end-of-
life.

5.2 Environmental

This section considers the environmental impact of the project using principles inspired by the
butterfly diagram, a model that represents circular material flows [111]. The model distinguishes
between biological processes, where materials safely integrate into natural systems, and technical
processes, where products are maintained, reused, and recycled to extend their lifespan (see Figure
35).
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Figure 35: Butterfly diagram [112]

The Maris Habitats concept reflects these principles by combining long-term environmental
integration with efficient use of technical components. From a biological perspective, the Reef Block is
designed to support marine colonization over time. The use of non-toxic and durable materials allows
algae, microorganisms, and small marine species to attach and grow on the structure, contributing to
biodiversity enhancement [113].

From a technical perspective, the system is designed with longevity and adaptability in mind. The
Reef Block is intended to remain underwater for long periods, while the Smartlogger is designed as a
removable waterproof housing for the monitoring components. The Smartlogger contains the battery,
microcontroller, sensors, and data storage system, and it is held by the Smartlogger attachment on
the Reef Block. Sensor probes remain exposed to seawater to measure environmental conditions such
as pH, conductivity, pressure, and temperature. This modular design allows maintenance or
replacement of electronic components without removing the whole Reef Block.

Maintenance requirements are reduced through the use of durable materials that can withstand harsh
marine conditions. When maintenance is required, divers can retrieve the Smartlogger to collect
stored data and replace batteries without disturbing the Reef Block. This reduces unnecessary
material replacement and extends the operational life of the system.

The project also considers the reuse of technical components. If monitoring is no longer required,
electronic components such as sensors, batteries, and storage devices can be removed and reused in
future installations.

For the prototype, a cement-based casting method with a 3D-printed PLA mold may be used to reduce
costs, while the final design uses basalt fiber-reinforced concrete to improve durability and corrosion
resistance in marine environments. This approach reduces environmental impact while maintaining
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long-term functionality.

5.3 Economic

The economic aspect of Maris Habitats is mainly related to the long-term benefits created through
ecosystem restoration and its integration with existing marine infrastructure. By supporting marine
biodiversity and fish population growth, the system may help increase fishery productivity over time.
This can create economic benefits for coastal communities that depend on fishing as a source of
income and food.

Previous studies have shown that artificial reefs can increase fish biomass and support the
development of fisheries, which can lead to economic improvements in coastal areas [114]. In this
project, this idea is applied through Reef Blocks that provide shelter and breeding areas for marine
species.

The system is also designed to be integrated with existing marine infrastructure, such as offshore
wind farms or coastal protection systems. This approach reduces the need for completely new
structures and allows existing installations to gain additional ecological functions, improving resource
efficiency.

The integration of the Smart Module adds another layer of economic value. The Smartlogger collects
environmental data that can be used for research, monitoring, and decision-making. In this project,
this data supports more efficient marine resource management and may help reduce costs related to
ineffective environmental monitoring.

Another important aspect is the modular and scalable design of the system. Reef Blocks can be
deployed gradually and adapted to different marine environments, reducing the need for large initial
investments. This allows pilot projects to be tested before full-scale deployment.

The removable Smart Module also helps reduce maintenance costs. Instead of replacing or removing
the entire Reef Block in case of failure, the Smartlogger can be inspected, repaired, or replaced
separately. This improves operational efficiency and reduces long-term costs.

In addition, the project can benefit from collaboration with public institutions, research organizations,
and environmental programs. Marine restoration and biodiversity protection are increasingly
supported by sustainability policies and funding initiatives [115]. This creates opportunities for
financial support through grants and public-private partnerships.

Although the initial investment may be relatively high, the project can create long-term value through
ecosystem restoration, fishery support, and improved coastal protection [116]. For this reason, Maris
Habitats can be considered both environmentally sustainable and economically viable in the long
term.

5.4 Social

The integration of the Smart Module also creates social value by generating data that can be used by
research institutions and environmental organizations for marine monitoring and scientific research.
The Smartlogger can help improve understanding of marine ecosystems and support better
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environmental decision-making.

The project is also aligned with the market strategy by focusing on partnerships with offshore wind
farms, coastal authorities, research institutions, and environmental organizations [117]. By
integrating Reef Blocks into existing marine infrastructure, the project promotes collaboration
between technical and environmental stakeholders while reducing the need for additional
construction.

In the long term, this approach can support sustainable fisheries, marine conservation efforts, and
stronger cooperation between organizations involved in ocean management.

5.5 Life Cycle Analysis

The life cycle of the project is considered from material selection to end-of-life, with the aim of
reducing environmental impact while maintaining long-term functionality.

In this project, the material phase focuses on choosing durable and environmentally responsible
materials. The final design uses basalt fiber-reinforced concrete. Basalt fibers are made from natural
volcanic rock and are known for their resistance to corrosion and chemical stability in seawater, which
makes them suitable for marine environments [118].

During the manufacturing phase, the Reef Block is produced through concrete casting, while the
monitoring components are assembled separately inside the removable Smartlogger. The
Smartlogger contains the battery, microcontroller, SD card, and sensors. Keeping the electronic
components separate helps avoid embedding electronics directly into the permanent Reef Block and
reduces unnecessary material waste.

The testing phase focuses on checking both the structural performance of the Reef Block and the
operation of the Smartlogger system. Special attention is given to battery life, waterproof protection,
sensor accuracy, and reliable data collection because these factors affect maintenance needs.

The Reef Block is also designed for long-term use in marine environments. Its geometry includes
cavities and irregular surfaces that help algae, microorganisms, and small marine species attach to
the structure over time.

To reduce environmental risks, the Smartlogger is designed as a removable unit that is not cast into
the main Reef Block. It is mounted on the Smartlogger attachment and secured to the Reef Block with
a chain. This keeps the Smartlogger connected to the reef structure and gives the diver a clear point
to attach a hook or line. During maintenance, battery replacement, data collection, or repairs, only
the Smartlogger needs to be removed, while the Reef Block stays in place. This also helps reduce the
risk of long-term marine pollution from electronic components.

At the end of its life cycle, the Reef Block is intended to remain in the marine environment and
continue functioning as an artificial reef that supports biodiversity [119]. Electronic components can
be removed and reused in future systems, which helps reduce waste.

5.6 Summary
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This chapter has examined the environmental, economic, and social dimensions of the project,
together with a life cycle perspective, in order to evaluate its overall sustainability. The analysis
highlights the importance of minimizing environmental impact while ensuring long-term functionality,
economic viability, and social value.

Based on this sustainability analysis, the team selected a modular Reef Block design combined with a
removable Smart Module and basalt fiber-reinforced concrete as the primary structural material. This
choice is supported by its durability, resistance to marine conditions, and suitability for long-term
deployment while reducing environmental risks. In addition, the separation of electronic components
from the main Reef Block contributes to reducing pollution risks and improving resource efficiency.

Consequently, the solution was designed with features that support sustainability throughout its life
cycle. These include a Reef Block that can integrate into the marine ecosystem over time, a
removable Smartlogger that enables maintenance without disturbing the Reef Block, and a design
that supports marine colonization through varied shapes and surface characteristics. Together, these
elements help the system reduce negative environmental impacts while supporting marine
biodiversity and long-term ecosystem health.
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6. Ethical and Deontological Concerns

This chapter presents the ethical principles and responsibilities considered during the development of
Maris Habitats. It discusses engineering ethics, honest marketing, environmental protection, and
liability related to the habitat structure and monitoring system

6.1 Introduction

This chapter outlines the ethical and deontological principles guiding the development of Maris
Habitats, a smart artificial marine habitat designed to support marine life and collect environmental
data. Since the project combines underwater structures, electronic components, and ecological
restoration goals, ethical considerations must be included from the early design stage.

6.2 Engineering Ethics

Engineering ethics play an important role in the design and development of artificial marine habitats.
According to professional engineering ethics, engineers should prioritize safety, public welfare,
competence, and truthful communication [120]. In this project, these principles are applied not only
to human users and installation personnel, but also to the marine environment affected by the
system.

The Reef Block must be designed with sufficient strength, durability, and reliability to withstand
marine conditions such as saltwater exposure, currents, wave forces, and long-term material
degradation. Concrete and reinforced concrete exposed to marine environments can be affected by
chloride ions, sulfate ions, magnesium ions, wave action, and corrosion processes [121]. Therefore,
material choice and structural stability are not only technical issues, but also ethical responsibilities.
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Engineers also have a responsibility to make sure that the Reef Block and the Smart Module do not
create unnecessary risks for marine organisms, installation personnel, or the surrounding
environment. The Reef Block should not damage the seabed or disturb existing ecosystems more
than necessary. Instead, it should be designed to provide shelter, attachment surfaces, and spatial
complexity that can support local marine life.

Another ethical consideration is the separation between the prototype and the final product. The
current prototype is not intended for long-term deployment in deep marine conditions. It is designed
to test the basic Reef Block concept, Smartlogger housing, sensing, and data logging. Presenting the
prototype as a fully marine-grade final product would be misleading. Therefore, the team must clearly
explain the technical limits of the prototype and identify what would need to be improved for real
deployment.

Transparency is also part of responsible engineering practice. Environmental data collected by the
Smartlogger should be accurate, calibrated when possible, and reported honestly. Even if the results
do not show strong ecological improvement, the data should still be presented clearly because it can
support future research and better decision-making in marine restoration.

6.3 Sales and Marketing Ethics

Sales and marketing ethics are important because Maris Habitats is presented as an environmental
restoration and monitoring solution. The project should avoid greenwashing, which means making
environmental claims that are exaggerated, misleading, or not supported by evidence [122], [123].
The system should not be promoted as a complete solution that can fully restore marine ecosystems
without long-term proof.

Instead, marketing communication should clearly explain what the system can realistically provide.
Maris Habitats can support habitat creation, provide surfaces and cavities for marine organisms, and
collect environmental data to observe how the Reef Blocks and surrounding conditions change over
time. These functions should be communicated honestly to public institutions, companies, research
organizations, and environmental partners. Marketing communication should also avoid broad
environmental claims and instead explain specific and realistic benefits of the system [124].

If monitoring data is offered as part of a service or subscription model, customers should be informed
about what data is collected, how often it is collected, how it is stored, and what limitations the data
may have. This is important because environmental data may influence restoration decisions,
sustainability reports, or public communication. The data should not be used to make stronger claims
than the system can support.

The duty of information transparency also means that customers should understand the difference
between the basic Reef Blocks, the optional Smart Module, and additional monitoring services. Since
the system is modular, not every Reef Block needs to include a Smart Module. This should be clearly
explained so that customers can make informed decisions based on their budget, monitoring needs,
and project goals.

6.4 Environmental Ethics

The project aims to support marine ecosystems while minimizing negative environmental impacts.
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Artificial habitats can help provide shelter and settlement surfaces for marine organisms, but they can
also create risks if they are poorly designed, placed in unsuitable locations, or made from
inappropriate materials. For this reason, site selection, material safety, structural stability, and long-
term monitoring must be considered before deployment [125], [126].

Material selection is a key environmental concern. The Reef Block should be made from durable, non-
toxic, and environmentally compatible materials that do not release harmful substances into the
marine environment [127], [128]. Since the structure will remain underwater for a long period, the
material must also resist degradation caused by seawater exposure, chemical attack, and physical
forces [129].

The surface texture and shape of the Reef Block should also be considered. Studies on ecologically
enhanced marine concrete structures show that changes in surface complexity and material
composition can influence species richness, live cover, and the balance between local and invasive
species [130]. Therefore, the design should avoid overly smooth and simple surfaces. Instead, it
should provide cavities, roughness, and sheltered areas that can support local marine organisms.

The project also considers the risk of biofouling on sensors. While marine growth on the Reef Block is
desirable, growth directly on sensor surfaces may reduce data accuracy and affect long-term
monitoring reliability [131]. For this reason, the Smartlogger should include protective design
features, such as removable housing, sensor guards, or maintenance access. Antifouling solutions
should be chosen carefully to avoid harming marine life.

In addition, Maris Habitats can contribute to environmental awareness and education by collecting
data related to the surrounding marine conditions. This data can help researchers, public institutions,
and local communities better understand how artificial reefs interact with their environment over
time. However, the data should be interpreted carefully and should not be used to claim ecological
success without long-term observation.

6.5 Liability

Liability relates to the responsibility for possible consequences if the system does not perform as
intended. In deontological ethics, responsibility is connected to the duty to act carefully, prevent
foreseeable harm, and remain accountable for the consequences of a design [132]. Since Maris
Habitats includes both Reef Blocks and a removable Smart Module, liability covers structural,
environmental, and data-related risks.

The main external stakeholders affected by these risks include public institutions, coastal
municipalities, research institutions, environmental NGOs, port authorities, aquaculture operators,
marine infrastructure companies, and the marine environment itself. Therefore, liability is not only
related to product failure, but also to the possible impact on customers, data users, maintenance
operators, local ecosystems, and future restoration or monitoring decisions.

In Maris Habitats, liability risks related to movement, instability, and possible damage to the seabed
are addressed through the physical design of the Reef Blocks and the Smart Module. The Reef Blocks
are made from basalt fiber-reinforced concrete. Basalt fiber-based materials are considered suitable
for marine applications because of their mechanical performance and resistance to chemical and
environmental degradation [133]. The material and estimated Reef Block weight are intended to
improve the stability of the structure on the seabed. Each Reef Block is estimated to contain
approximately 30 kg of concrete, giving the structure a high self-weight that helps reduce the risk of
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displacement caused by currents or wave action. When several Reef Blocks are connected together,
the total mass and contact area increase, making the overall habitat more resistant to movement
under expected deployment conditions [134].

The Smartlogger is designed as a removable monitoring box that can be attached to the Reef Block
through the Smartlogger attachment without being permanently embedded in the concrete structure.
This allows maintenance, battery replacement, and data retrieval without removing the main Reef
Block from the seabed. To reduce the risk of the Smartlogger becoming loose or drifting away, it is
mounted on the Smartlogger attachment and secured to the Reef Block with a chain or mechanical
locking system. This keeps the Smartlogger connected to the Reef Block during operation while still
allowing access for maintenance.

From a duty of care perspective, the project must also consider possible Smartlogger failure. If the
box leaks, breaks, or records inaccurate data, the result may not only be a technical failure but also a
problem for environmental interpretation. Incorrect temperature, pressure, pH, or water quality data
could lead to wrong conclusions about Reef Block performance or local marine conditions. Since
marine sensors can be affected by biofouling during long-term deployment, regular inspection,
cleaning, calibration when possible, and data validation should be included before the data is used for
reports or decision-making [135].

The Smartlogger design helps reduce liability risks. Since the Smartlogger is separable from the Reef
Block, electronic components can be removed, inspected, cleaned, repaired, or replaced without
removing the whole Reef Block from the seabed. This reduces disturbance to marine life and lowers
the risk of leaving failed electronic components in the sea.

Responsibility also includes the duty to consider long-term degradation. Although the Reef Block is
designed to remain in the marine environment for a long period, the final design must consider what
happens if materials wear down, break, or lose performance over time. Concrete structures in marine
environments can deteriorate due to seawater exposure, chloride and sulfate attack, salt
crystallization, corrosion processes, and physical forces such as wave action [136]. The system
should therefore be designed and documented so that maintenance needs, operational limits, and
responsibilities are clear.

Clear documentation and transparent data management are also important parts of liability. From a
deontological perspective, this is related to the duty of transparency and accountability. The project
should define how the system is installed, how often it needs to be inspected, who is responsible for
maintenance, and how collected data should be stored and interpreted. For ocean data projects, data
management planning is recommended to ensure that collected data is properly stored, preserved,
and documented [137].

These stability and maintenance measures should be described in the product development chapter
and further validated through technical drawings, prototype tests, or simple stability calculations
before real deployment.

6.6 Summary

This chapter has examined the ethical and deontological considerations associated with the
development of Maris Habitats. The main concerns include environmental protection, structural
safety, data integrity, transparent communication, and responsibility for long-term maintenance.
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Based on this ethical and deontological analysis, the team chose a modular Reef Block design with a
removable Smartlogger. This design allows the Reef Block to remain underwater while the electronic
components can be removed for inspection, maintenance, or replacement. This reduces disturbance
to the marine environment and lowers the risk of leaving failed electronic parts in the sea.

The team also decided to distinguish clearly between the prototype and the final product. The
prototype is intended to validate basic sensing and data logging functions in a controlled
environment. The final product would require marine-grade sensors, pressure-resistant Smartlogger
housing, antifouling measures, and long-term field testing. This distinction is important to avoid
misleading claims about the current technical readiness of the system.

From an environmental perspective, the solution prioritizes durable and compatible materials,
structural stability, and surface features that support marine organisms. From a data ethics
perspective, the system should collect and report environmental data honestly, including its
limitations. These decisions help ensure that Maris Habitats is developed as a responsible marine
restoration and monitoring solution rather than only as a physical product.

2026/02/16 21:10 - epsatisep - 0 Comments

7. Project Development

This chapter presents the development of Maris Habitats from concept to prototype. It briefly covers
the design, structure, smart system, software, and testing process.

7.1 Introduction

Transitioning from a theoretical model to a functional underwater prototype involves a rigorous
process of synthesis and troubleshooting. This chapter documents the technical execution of the
project, detailing the mechanical assembly, electronic integration, and software architecture of the
Maris Habitats system.

It serves as a technical log of the development lifecycle, highlighting how the theoretical foundations
established in Chapter 2 were translated into physical components. From the challenges of ensuring
watertight integrity for the sensor housing to the development of a reliable self-contained monitoring
system with local data storage, this section provides a comprehensive look at the engineering
challenges addressed during the fabrication and programming phases.

7.2 ldeation

The goal of this project is to design artificial marine habitats that can help endangered fish species
and corals thrive again. Climate change and the warming of the oceans are disturbing marine
ecosystems and damaging the natural balance of life underwater. Because of this, many species are
losing safe places to live, hide, feed, and grow. The design is therefore focused on supporting nature
itself, especially fish, corals, and other marine organisms.

The structure had to meet several important requirements. It had to be modular, so that different
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units could be combined and adapted depending on the location and the needs of the ecosystem. It
also had to be made from a material that would not harm the marine environment. Since corals need
to grow on the structure, the material had to be suitable for marine life and preferably porous. At the
same time, the habitat could not be excessively large or heavy, since this would complicate transport
and installation. The design therefore had to balance practical deployment with sufficient weight and
stability to remain in place and withstand sea currents.

To develop the concept, the team started with brainstorming sessions and research into similar
existing projects. Different types of artificial reefs and marine restoration systems were researched,
and also which materials could safely be used in the sea were studied. During this ideation phase, the
creation of around six to seven different structural concepts was crucial. While the overall shapes of
these concepts were quite similar, the main differences were in the materials and possible additional
features such as sensors.

Several material options were explored, including basalt fabric-reinforced structures, polymer-clay,
bacterial HSC, ECOncrete, recycled glass, and Biorock. Each material had its own advantages and
disadvantages. Some were more expensive, while others were less suitable for coral growth or did not
provide the level of porosity needed by marine organisms. Since fish and corals benefit from rough
and porous surfaces, this became an important factor in the decision-making process.

After comparing the different options, basalt fabric-reinforced concrete was selected as the most
suitable material for the project design. This material offered a strong balance between cost, weight,
stability, and ecological suitability. It is not overly expensive, heavy enough to remain stable
underwater, and easy to shape into modular forms. In addition, its porous surface makes it a good
choice for encouraging coral growth and creating shelter for fish. The material can be formed by first
making a mould in the desired shape and then placing the basalt fabric or mesh inside it. Depending
on the required strength, the fabric can be arranged in one or several layers. Fine concrete or mortar
is then poured, sprayed, or pressed around the reinforcement. After curing, the concrete becomes
rigid while the basalt fabric remains embedded inside as reinforcement. For these reasons, basalt
fabric-reinforced concrete was chosen as the best material for the final concept.

7.3 Concept

The final concept selected for Maris Habitats is a modular artificial marine habitat built from one
repeated cone-shaped element, as shown in Figure 36. These modules can be connected side by side
and stacked vertically, allowing the habitat to be expanded according to site conditions and ecological
requirements. By using one repeated part, the system remains simple, scalable, and easy to
reproduce, while still allowing a wide variety of structural arrangements.
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The concept was selected because it provides a strong balance between ecological function and
practical feasibility. Different configurations of the same module can create both smaller and larger
shelter spaces, making the habitat suitable for a wide range of marine species. This adaptability is
one of the main strengths of the concept, since different deployment sites may require different
structural densities and sizes.

Another important aspect of the concept is the material choice. The habitat is intended to be made
from basalt fabric-reinforced concrete, which combines structural weight and durability with a rough
and porous surface suitable for marine colonization. This surface can support the attachment and
growth of algae, corals, and other marine organisms, while the weight of the material helps the
structure remain stable under underwater currents.

Compared to other design directions explored during the project, this concept proved to be the most
suitable. Earlier ideas such as spherical, hexagonal, and dome-based structures (shown in Figure 37)
were less effective because they were either not modular enough or too difficult to manufacture and
combine efficiently. For this reason, the cone-based modular concept was defined as the final
structural direction of the project.
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Figure 37: Drawings earlier ideas

7.4 Design

7.4.1 Introduction

This section presents how the selected concept was developed into a feasible structural solution for
underwater deployment. The design process focused on translating the general concept into a habitat
that is modular, manufacturable, stable, and ecologically suitable for marine colonization. The
following subsections explain the main design decisions and the structural directions explored during
the development process.

7.4.2 Design

The design phase focused on transforming the selected concept into a structure that could function in
an underwater environment while remaining feasible to produce and deploy. From the beginning, the
most important design requirement was modularity. The habitat had to be based on one repeatable
element that could be combined in multiple ways without becoming too complex to manufacture or
assemble. This requirement guided the entire design process and strongly influenced the selection of
the final form.

Several structural directions were explored during this phase, including spherical, hexagonal, and
dome-like concepts. Although these ideas offered interesting spatial qualities, they were gradually
rejected because they did not satisfy the design goals strongly enough. Some concepts were too
difficult to produce in a simple and repeatable way, while others did not provide the level of
modularity needed to expand the habitat efficiently. In contrast, the cone-based element provided a
clearer and more practical solution. Because the same unit can be repeated throughout the structure,
the habitat can grow both horizontally and vertically while maintaining a simple and consistent
construction logic.

The chosen design also supports ecological performance. By connecting and stacking the modules in
different arrangements, the habitat can generate openings and sheltered spaces of different sizes.
This is important because smaller and larger marine organisms require different types of refuge. The
repeated units also create a more complex three-dimensional environment, which improves habitat
quality and increases the suitability of the structure for fish, algae, corals, and other marine species.

EPS@ISEP - https://www.eps2026-wiki4.dee.isep.ipp.pt/


https://www.eps2026-wiki4.dee.isep.ipp.pt/lib/exe/detail.php?id=report&media=report:untitled_artwork.png
https://www.eps2026-wiki4.dee.isep.ipp.pt/lib/exe/detail.php?id=report&media=report:v1.0.jpeg

Last update: 2026/05/28 11:15 report https://www.eps2026-wiki4.dee.isep.ipp.pt/doku.php?id=report

Material selection was another important part of the design phase. The final design is based on basalt
fabric-reinforced concrete, chosen for its combination of strength, weight, and ecological suitability.
The material is heavy enough to improve stability under underwater currents, while its rough and
porous surface can encourage biological growth over time. In this way, the design responds not only
to structural and manufacturing requirements, but also to the biological purpose of the habitat.

Overall, the design phase transformed the initial concept into a clear and buildable solution. Instead
of developing a complex habitat composed of many different parts, the design process focused on a
single repeated module capable of generating a wide range of spatial configurations. This decision
improved the scalability, manufacturability, and ecological potential of the habitat, and formed the
basis for the structural development presented in the following subsection.

7.4.3 Structure

The structural development of the habitat began with a series of exploratory concepts. These early
ideas were useful for identifying the design characteristics that were most important for the project,
such as modularity, ease of production, structural repetition, and the creation of different shelter
sizes. The figures below illustrate the main structural directions considered during this process. Figure
38 shows an initial idea.

Figure 38: Early structural concept exploring enclosed shelter geometry.

One of the first directions explored was a more enclosed structure, shown in the early sketch above.
This concept helped define the importance of shelter, internal space, and protection for marine
species. However, although it offered enclosed refuge areas, it was not considered the most suitable
direction because it did not provide the same level of modular flexibility as later concepts. As the
design process continued, greater importance was given to repeatability and scalability.

Figure 39 illustrates the proposed habitat modular design.
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Figure 39: Hexagonal modular concept explored during the structural development (Al generated
render).

A second concept was based on a hexagonal module supported by pillars. This idea introduced a
stronger modular logic and allowed several units to be connected into a larger structure. The concept
was relevant because it explored how repeated modules could create a more adaptable habitat
system. It also supported the study of elevated structures and the possibility of generating openings
of different sizes. However, this direction was not selected as the final solution because the cone-
based concept provided a simpler repeated form and clearer scalability (see Figure 40).

Figure 40: Structural variation exploring different opening sizes and configurations.
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Further structural exploration focused on varying the dimensions and arrangement of the elements in
order to create openings suitable for different marine species. This stage was important because it
highlighted the ecological value of structural diversity. By studying how repeated parts could
generate different internal spaces, the development process produced a clearer understanding of how
geometry could influence habitat quality. These studies confirmed that the final design should allow
variation in shelter size while still remaining based on one simple repeated part (See Figure 36 and
Figure 41).

r . ‘& u_r‘:

Figure 41: Selected modular unitformi the basis of the final haitat structure (Al generated).

After comparing the different structural directions, a concept based on one repeated cone-shaped
module was selected. This solution was considered the most appropriate because it combines
modularity, manufacturability, and ecological functionality. The same unit can be repeated many
times, allowing the structure to expand horizontally and vertically while maintaining a simple
construction logic. As illustrated in Figure 42, the arrangement of these modules creates a more
complex habitat geometry with multiple shelter opportunities for marine organisms.

Figure 42: Example of the habitat formed by combining multiple modular elements (right picture is Al
generated).

When several modules are combined, the habitat can cover a larger area of the seabed and create a
more complex three-dimensional structure. This makes the system adaptable to different sites and
allows the scale of the habitat to be adjusted according to the intended application. For this reason,
the final structure is not defined by a single fixed form, but by a repeatable modular logic that can be
expanded according to ecological and practical needs.
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After defining the final modular structure, a suitable method still had to be developed for inserting the
smartlogger. The development process of this solution is explained below.

Design Process of Sensor Structure

Below you can see the first version of the smart block, in which the smartlogger was attached to the
bottom of the modular structure. However, this solution was not aesthetically pleasing, so a new
approach was explored in which the smartlogger could be integrated into the modular structure itself.
It was also important to avoid changing the structure too much, since that would require separate
moulds for these specific blocks, even though they would be produced in much smaller quantities
than the standard blocks.

The first design iteration is shown in Figure 43, with a detailed view provided in Figure 44.

Figure 43: First variation of the smartblock

Figure 44: First variation of the smartblock (closeup)

In the second variation of the smart block, the smartlogger was much more integrated into the
structure. However, this version required many modifications to the standard block. Additional
openings also had to be added to ensure that the sensors had sufficient exposure to the surrounding
water. This made the solution inefficient and impractical. As a result, another approach was explored,
with a stronger focus on modularity so that a completely new mould would not be required.

Consequently, an alternative solution was explored, with a stronger emphasis on modularity to avoid
the need for a completely new mould. The second variation of the design is illustrated in Figure 45,
while a front view highlighting the structural modifications is shown in Figure 46.
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Figure 45: Second variation of the smartblock.

Figure 46: Second variation of the smartblock front and render.

This led to the development of a modular sensor solution. The supporting structure is constructed
from titanium alloy TC 4 and can be installed in any reef block as required. Its design allows for easy
placement and removal, since the space provided for the smartlogger is slightly larger than the
smartlogger itself. This extra clearance makes insertion and extraction easier during maintenance or
replacement. In addition, the block intended to contain the smartlogger has a distinct shape
compared to the standard blocks, making it easy to identify within the overall habitat structure. The
sensor housing is positioned on two supporting tubes and secured with a chain attached to the host
block, ensuring stability during operation (see Figure 47 and Figure 48).

To facilitate maintenance, a distinct block design is used for the sensor unit. Over time, biological
growth such as algae is expected to accumulate on the reef structures, reducing visibility and making
it difficult to distinguish individual components. By incorporating a visually and structurally
identifiable block, the sensor unit can be reliably located and accessed, even after prolonged
submersion.
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Figure 47: Final variation of the smartblock assembly.

Figu-re 48: Final variation of the smartblock.

In Figure 49 you can see the technical drawings of the smartlogger attachement and the reef module.
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Figure 49: Structural drawings

To protect the smartlogger we designed a protecting roof so algea won't be growing on the
smartlogger that much. In Figure 50 you see the roof attached to the Smartlogger.

Figure 50: Roof

Stress analysis of the structure

Introduction

For the structural simulations, basalt fabric reinforced concrete was used as the material definition.
This material was chosen because the structure is intended to be placed underwater and therefore
needs to resist external water pressure while remaining strong, durable and relatively stiff. To define
the material in SOLIDWORKS, several mechanical and thermal properties were entered. The most
important values are an elastic modulus of 3.6 x 10° N/m?, a Poisson’s ratio of 0.20, a density of
2400 kg/m3, a tensile strength of 6.0 x 10° N/m?, and a compressive strength of 5.5 x 107 N/m2.
These values are close to the expected behavior of a concrete-based material: the material is
relatively stiff, has a high resistance to compression, but is much weaker in tension. This is important
because concrete does not behave like a metal. It does not really “yield” plastically, but it is more
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likely to crack when the tensile stress becomes too high or crush when the compressive stress
becomes too high. Therefore, the entered yield strength of 6.0 x 10 N/m? should only be seen as an
approximate reference value, mainly because SOLIDWORKS requires a yield strength for certain
safety factor calculations. For this reason, the von Mises stress and standard factor of safety are not
the most suitable failure criteria for this material. Instead, the first principal stress is used to evaluate
tensile cracking, while the third principal stress is used to evaluate compressive failure. The
simulation process was carried out in two stages. First, one separate module was analyzed to
understand the basic behavior of a single part under underwater pressure and gravity. This helped to
identify the main stress concentrations, displacement pattern and general stiffness of the geometry.
Afterwards, a larger assembly of multiple connected modules was simulated to evaluate how the
complete structure behaves when the load is distributed over the full system. The goal of these
simulations is to check whether the stresses remain below the assumed tensile and compressive
strength of the material, and whether the displacement and strain stay limited. Ideally, the results
should show low deformation, acceptable principal stresses and no critical compression or tensile
cracking zones. Special attention is given to the connections between the vertical supports and the
beams, because these areas are expected to create the highest local stress concentrations.

Stress test concrete block

Wi h‘ll:u'_"_. |.‘ -~ ':

h, Yiald strenagth: & 0008 +06

Figure 51: Simulation concrete block stress test.

The simulation indicates that the basalt fabric reinforced concrete structure can withstand the applied
underwater load case. With an external water pressure of approximately 300,128 N/m? on all sides
and gravity included, the maximum von Mises stress is about 0.801 MPa, which is significantly lower
than the assumed yield strength of 6.0 MPa. This gives an estimated factor of safety of approximately
7.5, meaning the structure remains well within the safe range. The highest stresses occur near the
connection between the cone-shaped supports and the central beam, which is expected because
these areas act as stress concentrations. However, the stresses remain below the material limit, so
the design appears structurally safe for this simplified underwater pressure load case. Keep in mind
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that for concrete-based materials, it is also useful to check the maximum principal tensile stress,
because cracking usually starts due to tensile stresses rather than yielding.

Displacement test concrete block
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Figure 52: Simulation concrete block displacement test.

The displacement result shows that the structure deforms only very slightly under the applied
underwater pressure and gravity. The maximum resultant displacement is approximately 2.706 x
10-3 mm, which is only 0.0027 mm. This is extremely small, meaning the structure remains very stiff
under the simulated load case. The largest displacement occurs near the upper edges of the cone-
shaped supports, especially around the openings, while the lower areas show almost no displacement.
This deformation pattern is expected because the upper parts are less constrained and can move
slightly more than the base regions. Overall, the displacement result confirms that the structure
experiences negligible deformation at a depth of approximately 30 meters, so from a stiffness point of
view the design appears safe for this simplified underwater loading condition.

Strain test concrete block
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Figure 53: Simulation concrete block strain test.

The strain result shows that the structure experiences very low deformation under the applied
underwater pressure and gravity. The maximum strain is approximately 1.419 x 10-5, which is very
small and indicates that the material is only slightly stretched or compressed. The highest strain
occurs around the transition zones between the cone-shaped supports and the central beam,
especially near the lower connection areas. This matches the stress result, where the same regions
also showed the highest stress concentrations. However, the strain values remain low, meaning the
structure is not deforming significantly and the material is behaving safely within the assumed load
case. Overall, this strain plot supports the conclusion that the design is structurally stable under the
simplified 30-meter underwater pressure condition.

Factor of safety concrete block
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Figure 54: Simulation concrete block factor of safety.

The factor of safety plot confirms that the structure remains safe under the applied underwater
pressure and gravity load case. The minimum factor of safety is approximately 7.49, which is well
above the usual minimum requirement of 1.5-2.0 for many static structural checks. This means that
the maximum stress in the structure is still far below the assumed material strength. Although most
of the model appears red, this does not mean failure; it only means these areas have the lowest
safety factor within the selected color scale. Since the minimum value is still around 7.5, the structure
has a large safety margin. The most critical region is again located near the connection between the
cone-shaped support and the central beam, which matches the stress and strain results. Overall, the
design appears structurally safe for this simplified 30-meter underwater loading condition.

Strength test full structure
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Figure 55: Simulation full structure strength test.

The von Mises stress locally exceeds the assumed yield strength, but since the material is concrete-
based, von Mises stress and yield strength are not the most appropriate failure criteria. This result
should therefore not be interpreted directly as failure. Instead, the maximum principal tensile stress
should be checked, because cracking in concrete usually starts due to tensile stress. In addition, the
compressive strength should also be evaluated to verify whether the material remains safe under
compression. The high von Mises value mainly indicates a local stress concentration, most likely near
a connection or constrained area. If the maximum principal tensile stress stays below the tensile
strength and the compressive stress stays below the compressive strength of the material, the
structure can still be considered acceptable for this simplified load case.

Tensile strength test full structure
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Figure 56: Simulation full structure tensile strength test.

The maximum principal tensile stress is approximately 2.998 MPa, which is lower than the assumed
tensile strength of 6.0 MPa. This gives an estimated safety factor of about 2.0 against tensile
cracking. Since concrete-based materials are more likely to fail by cracking than by yielding, this
result is more relevant than the von Mises stress. The result indicates that the structure remains
acceptable in tension for this simplified load case. However, the compressive stress should also be
checked separately by evaluating the third principal stress or compressive stress result.

Compressive strength test full structure
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Figure 57: Simulation full structure compressive strength test.
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The third principal stress was evaluated to check the compressive behavior of the concrete-based
material. The maximum compressive stress is approximately 6.404 MPa, which is significantly lower
than the assumed compressive strength of 55 MPa. This gives an estimated safety factor of about 8.6
against compressive failure. Therefore, the structure appears safe under compression for this
simplified load case. Combined with the first principal stress result, which remains below the tensile
strength, the structure can be considered acceptable from both a tensile cracking and compressive
strength point of view.

Displacement test full structure
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Figure 58: Simulatin full structure displacement test.

The displacement plot shows that the maximum resultant displacement is approximately 5.141 x
10-2 mm, or 0.0514 mm. This is a very small deformation, so the structure remains quite stiff under
the applied load case. The largest displacement occurs locally near one of the upper
support/connection areas, while most of the structure stays in the lower displacement range. This is
expected because the connected structure can deform slightly more at the upper and less
constrained regions, while the fixed lower supports remain almost stationary. Overall, the
displacement result is acceptable and confirms that the structure does not experience significant
deformation under the simulated underwater pressure and gravity loading.

Strain test full structure
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Figure 59: Simulation full structure strain test.

The strain plot shows a maximum strain of approximately 6.962 x 10-5. This is still a very small strain
value, meaning the structure only deforms slightly under the applied underwater pressure and gravity
loading. The highest strain occurs locally near one of the beam-to-support connection zones, which is
consistent with the previous stress and displacement results. Most of the structure remains in the
blue region, indicating low strain levels overall. Together with the principal stress results, this
suggests that the structure behaves in a stable way and does not experience excessive deformation
in this simplified load case.

Factor of safety test full structure
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Figure 60: Simulation full structure factor of safety test.

This FOS plot gives a minimum factor of safety of approximately 0.78, which means that according to
the standard SolidWorks FOS calculation, the local stress is higher than the assumed allowable/yield
value. However, because this material is concrete-based, this result should not be interpreted in the
same way as for a metal. The FOS plot is based on the selected strength criterion, often related to von
Mises/yield strength, which is not the most suitable failure criterion for concrete. For this structure,
the principal stress results are more relevant: the maximum principal tensile stress was about 2.998
MPa, which is below the assumed tensile strength of 6.0 MPa, and the maximum compressive stress
was about 6.404 MPa, which is far below the assumed compressive strength of 55 MPa. Therefore,
even though the standard FOS plot shows a local value below 1, the concrete-specific checks suggest
that the structure remains acceptable for this simplified load case. The low FOS mainly indicates a
local stress concentration and should be used as a warning point, especially near the beam-support
connections, rather than as direct proof of failure.

General conclusion

The updated assembly simulations show that the structure behaves acceptably under the simplified
underwater load case. Although the von Mises stress and the standard SolidWorks factor of safety
indicate local critical areas, these results should not be interpreted directly as failure because the
material is concrete-based. For this type of material, the principal stresses are more relevant. The
maximum principal tensile stress is approximately 2.998 MPa, which remains below the assumed
tensile strength of 6.0 MPa, meaning that the risk of tensile cracking is limited. The maximum
compressive stress is approximately 6.404 MPa, which is far below the assumed compressive strength
of 55 MPa, so the structure is also safe in compression. The maximum displacement is only 0.0514
mm, and the maximum strain is approximately 6.962 x 10-5, indicating that the overall deformation
remains very small. The most critical zones are located around the beam-to-support connections,
where local stress concentrations occur. Overall, the structure can be considered acceptable for this
simplified 30-meter underwater pressure and gravity load case, but the connection zones should be
monitored or improved if a higher safety margin is required.
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7.5 Smart System

This section presents the smart system developed for Maris Habitats. The smart system is designed to
collect environmental data around the habitat and store it for later analysis. Instead of using real-time
underwater communication, the final solution is based on local data logging, where the collected
measurements are saved on an SD card inside a removable smartlogger.

The section explains the development of the system, including the selected hardware, electronics,
software, and packaging concept. The purpose is to show how the monitoring system supports the
final product while keeping the design robust, low-power, and easier to maintain.

7.5.1 Hardware

This subsection describes the hardware design of the smart system. It presents the main physical and
electronic components needed for data collection, power supply, and storage. This includes the
microcontroller, battery, sensors, SD card module, and waterproof enclosure.

The hardware was selected with focus on low energy consumption, reliability, and suitability for
underwater conditions. The subsection also explains why the final solution uses a removable
smartlogger instead of a more complex buoy-connected system.

7.5.1.1 Black Box Diagram

Throughout this project, various approaches to data collection were explored. Initially, Version 1 was
developed, while this version enabled continuous data communication, it proved to be highly complex
and more prone to potential failures. Based on these findings, Version 2 was selected as the preferred
because it prioritises robustness, reduced complexity, and ease of deployment, while accepting
compromises regarding limited operational duration and the lack of continuous data communication.

Version 1 (V1) Buoy-Connected System

Figures 61 and 62 present the smart system black box diagram. The system corresponds to a living
laboratory where the:

e Sun (top left corner) is the source of energy. A buoy equipped with solar panels on top will store
power in a battery and provide power to the system.

e Sea water (bottom left corner) is the growth medium. Four sensors will monitor the water
environmental conditions (diamond).

 Fish and sea life (bottom right corner) are under observation. Fish and algae will be monitored
(presence and size) to determine biodiversity and measure photosynthetic effects and
chlorophyll on surfaces.

All this data will be collected and combined and sent to the On Board Computer (OBC) while also
getting a timestamp by a Real Time Clock (RTC). All this will be powered by the battery through a
Power Management System (PMS) that received the power from the buoy.

Both the buoy and the structure will have a positioning module, that will count with an Inertial
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Measuring Unit (IMU), a Doppler velocity Log (DVL) and a Global Navigation Satellite System (GNSS)
receiver, to have everything registered about the position of both elements and make sure nothing
goes wrong due to external factors such as storms, currents or human factors.

From the structure to the buoy, there will be a chain and a cable, for both structural support and data
and power connection between the two elements. Finally, all the data collected will be sent to a data
center, this will be done through the standard Iridium Satellite Network.

The main output will be a report with all the obtained data.

Solar Panels

Battery

Iridium Satellite

Metwark

Report file

Black
Box
Diagram

Pressure W'

Temperature A i Oxigen levels

Salinity Photosyntetic Eff

Size 5ensor

pH

Figure 61: Black Box Diagram V1

Version 1.5 (V1.5) Buoy-Connected System 1.5

Version 1.5 is presented in a more text-based format instead of graphical form, as it is a more
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accurate representation of the system’s black-box diagram. It is also a simplified.
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Figure 62: Black Box Diagram V1.5

Version 2 (V2) Smart Block System

In this configuration, the system is based on a “Smart Block” that houses all electronic components,
including the power supply, sensors, and data storage, eliminating the need for external infrastructure
such as surface buoys, solar panels, or cable connections.

The entire system is powered by a LiFePO4 battery. Environmental data is collected via sensors that
measure pressure (depth), temperature, pH, and conductivity. All collected data is stored locally on a
Secure Digital memory card (SD card); real-time transmission is not possible. Battery replacement
and data retrieval are carried out through a scheduled maintenance procedure involving a diver. The
estimated battery lifetime of the system is approximately 340 days, which limits the frequency of
required maintenance operations to roughly once per 11 months. When battery replacement is
necessary, a diver descends to the installation site and retrieves the Smartbox from the seabed. The
enclosure must be brought to the surface in order to be opened safely. Battery replacement and
cleaning of the sensors and electricalbox of corganic growth is performed aboard a boat, where the
SD card is also replaced simultaneously to ensure secure and continuous data storage. After
completion of the maintenance procedure, the Smartbox is redeployed and repositioned at its original
location on the seabed. This integrated maintenance strategy allows both power supply and data
storage components to be serviced during a single operation. After retrieval, the data is transferred to
a research facility for analysis and evaluation, ultimately contributing to environmental monitoring
and reporting.

Figure 63 shows the smart block systems black box diagram.
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Figure 63: Black Box Diagram V2

7.5.1.2 Electronics

Microcontroller & Battery

The ESP32 was selected as the microcontroller for this project due to its advanced power-
management features and processing capabilities. A key requirement of the system is low energy
consumption, and the ESP32 supports deep sleep modes with a current consumption of approximately
10 pA. During deep sleep, most of the chip is powered down while the built-in RTC remains active,
allowing the microcontroller to wake up at predefined intervals without requiring external timing
hardware.

This capability makes the ESP32 particularly suitable for applications that spend most of their time in

a low-power state and only wake periodically to perform measurements or other tasks. By minimizing
the active time and remaining in deep sleep for the majority of the operating cycle, the overall energy
consumption of the system can be significantly reduced, resulting in longer battery life.

Compared to the other evaluated alternatives, presented in 27 the ESP32 was the only platform that
combined deep sleep support with an integrated RTC and extremely low sleep current. These
characteristics made it the most suitable choice for an energy-efficient embedded system.

Table 27: Comparison of microcontrollers

. - Deep Flash Current Current
Microcontroller |Wi-Fi/Bluetooth Sleep RTC Memory (Active) (Sleep)
Arduino Uno R4 WiFilYes |No No No |256 KB ~80 mA ~48 mA
ESP32 Yes |BLES Yes Yes |4 MB ~240 mA ~10 pA

o BLE (via
Raspberry Pi Pico W |Yes CYW43) Yes No (2 MB ~40 mA ~180 pA

The system is powered by a 12V 20 Ah LiFePOs battery. To prevent excessive battery degradation
and to extend its service life, the battery is not discharged fully. A minimum state of charge of 20 % is
enforced, meaning that only 80 % of the nominal battery capacity is used. The battery’s nominal
voltage is 12.8 V. The total power consumption of the system during active operation is 1.505 W.

To minimize energy usage, measurements are performed once per hour. The system is designed to
remain active for only 1 minute per hour, which is sufficient for sensor stabilization and for writing the
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collected data to the SD card.

Battery capacity: 12.8 V x 20 Ah x 0.8 = 204.8 Wh

Daily energy consumption (1 min/hour operation): 1.505 W/60 x 24 h = 0.602 Wh/day
Number of days: 204.8 Wh / 0.602 Wh/day = 340.199 days

Based on these calculations, the system can operate for approximately 340 days on a single battery
charge. The power consumption during deep sleep mode was neglected in the battery life estimation
because it is several orders of magnitude lower than the active current consumption. With a deep
sleep current of approximately 10 pA, its contribution to the total energy consumption is negligible for
this application

Sensors

Selecting sensors was quite challenging, as most sensors such as pH and conductivity probes are
designed for temporary measurements and not for long term submersion. Additionally, the sensors
must withstand the high pressure at the seabed, and many are not suitable for seawater. This
resulted in expensive sensors, mainly sourced from suppliers in the United States.

The BarXT sensor [138] measures both pressure and temperature. The pressure measurements can
be used to calculate depth. Unlike systems based on 5 V microcontrollers, the ESP32 operates with
3.3 V logic levels, which are compatible with the sensor's I°C (Inter-Integrated Circuit) interface.
Therefore, no I°C level converter is required, simplifying the hardware design and reducing power
consumption.

The pH sensor [139] is sourced from Atlas Scientific. It is used together with a pH module [140],
which converts the signal into an analog signal that can be directly read by the microcontroller's
analog inputs.

For the conductivity sensor, no similar ready-made solution was available. It outputs a current signal
of 4 mA-20 mA, which must be converted into a voltage of 0 V-3.3 V to be read by the ESP32. This is
done using a 160 Q resistor, according to Ohm’s law (U=IxR).

0.004 Ax 160Q =0.64V

0.020Ax 160Q=3.2V
Enclosure
The enclosure is one of the most critical and costly components of the system, as it must withstand

high external pressure at the seabed. Suitable enclosures are therefore difficult to source.

Condensation is expected to form inside the enclosure as the air trapped inside is cooled by the
surrounding seawater. This temperature difference can lead to moisture accumulation, increasing the
risk of corrosion and electrical failures. To mitigate this risk, silica gel desiccant packets are placed
inside the enclosure to absorb excess moisture.

The sensors from Atlas Scientific use %" NPT (National Pipe Tapered) threads, while the enclosure is
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designed with M10 threads. This requires sealing the existing holes and machining new threaded
openings in the enclosure.

However, the sensor from Blue Robotics is equipped with M10 threads, allowing direct installation into

the enclosure without

modification.

Table 28 presents a comprehensive overview of all sensors and components included in the system.
The electrical schematics are shown in Figure 64.

Table 28: Sensor and Electronic Components

Power Operating
Item Type supply| current|Output| Price Quantity/Supplier [Link/Comment
(V) (A)
Depth / 25
BarXT Pressure / 5'5 0.0015 329.19 € 1 Bluerobotics|link
Temp '
Surveyor™ Analog pH 3.3- Atlas .
Sensor / Meter Ph module 55 0.003 21.52 € 1 Scientific link
Industrial pH Probe - No 3.3- Atlas .
Temp Ph test probe 55 226.95 € 1 Scientific link
. . includes
Industrial Conductivity . 9.0 - Atlas . . X
Kit K1.0 Conductivity 36.0 0.045 595.05 € 1 Scientific link callt?rlatlon
certificate
Adafruit 254 SD - module [3.3-6 0.1 6.45 € 1 Mouser link
0.04
ESP32-C3-DevKitM-1-N4X|Microcontroller|6 - 24 (W.'t.hOUt > V/ 6.80 € 1 Mouser link
wifi and| 3.3V
bluetooth)
DFR0570 Buck 2.5 33V | 2.80€ 1 |Mouser [link
converter 28
FDMMO004GMC-XEQO MicroSD - card 21.88 € 1 Farnell link
Silica gel
MC3090082 (moisture 4226€ 1 |Famell  [link |Fackof
100
absorber)
. LiFePO4 20 Ah .
LiFePO4 battery battery 12V 76.24 € 1 Innpo link
Watertight Box 5L Under_water 805.66 € 1 Bluerobotics|link
electrical box
. Penetrator .. 470€*
WetLink Penetrator Blank blank (M10) 70.50 € 15 Bluerobotics|link 11
MCMFOW4BB2500A50 250 Q Resistor 0.55 € 1 Farnell link
. Perfboard / .
Adafruit 2670 Breadboard 4.26 € 1 Mouser link |Pack of 10
M316 SOA2CSS50- M3 screws for 555€ 1 |Farnell link |Pack of 50
perfboard
Total 0.1895 A 2215'62
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Figure 64: Electrical schematic overview

The use of an imaging system was initially considered to monitor marine life development. However,
this approach has been deprioritized, as the primary focus of the project has shifted toward the
analysis of quantitative sensor data.

Sensor-based measurements provide continuous, objective, and scalable insights into environmental
conditions, which are more closely aligned with the project’s core objectives.

The inclusion of a camera system is therefore limited to supporting species identification, specifically
to document the presence of fish within the reef environment. In addition, visual documentation of
the reef structure will be conducted during annual maintenance operations, during which images of
the installation will be captured once per year.

Figure 65 shows what the enclosure will look like with all the electronics inside. The image on the left
includes the sensors. The picture on the right is without the sensors to show how much space the rest
of the electronics will use.
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Figure 65: Inside the enclosure with and without sensors.

7.5.2 Software

The final Maris Habitats product is designed without a mobile application or real-time underwater
communication. Instead, the system uses local data logging. This means that all environmental data
collected by the smartlogger is stored directly on an SD card inside the removable sensor unit. The
data is retrieved during scheduled maintenance, when the smartlogger is taken to the surface.

The software runs on the microcontroller inside the smartlogger. Its main purpose is to control the
measurement cycle, read data from the sensors, organize the collected values, and store them safely
on the SD card. This approach reduces system complexity, lowers power consumption, and avoids the
need for continuous underwater communication.

When the final product is activated, the software first initializes the microcontroller, sensors, real-time
clock, and SD card module. The real-time clock is used to give each measurement a timestamp, so
that the data can be analyzed later in the correct time order. If the SD card is detected correctly, the
software creates or opens a data file for storing the measurements.

During operation, the system performs measurements at predefined time intervals, for example once

per hour. In each measurement cycle, the microcontroller wakes up, powers or activates the sensors,

waits briefly for the readings to stabilize, and then collects data such as temperature, pressure/depth,
pH, and conductivity. After the values are collected, they are formatted into a structured data line and
written to the SD card.
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An example of the stored data format is shown below:

Timestamp; Temperature;Pressure;Depth;pH;Conductivity
2026-06-01 12:00;16.4;5.02;50.1;8.10;52.3
2026-06-01 13:00;16.5;5.01;50.0;8.09;52.1
2026-06-01 14:00;16.5;5.03;50.2;8.11;52.4

After writing the data, the file is closed to reduce the risk of data loss. The system then returns to a
low-power state until the next scheduled measurement cycle. This is important because the final
product is intended to operate for a long period on battery power.

The SD card is not accessed continuously by the user. Instead, the smartlogger is retrieved during
planned maintenance. At this point, the SD card can be removed or replaced, and the stored data can
be transferred to a computer for analysis. The same maintenance operation can also include battery
replacement, sensor inspection, and sensor cleaning.

7.5.3 Packaging

The packaging design was planned separately for the Smart Module and the Reef Block because these
parts have different sizes, weights, and protection needs. The Smart Module includes the Smartlogger
and the Smartlogger attachment. The Smartlogger contains the electronic components, battery, SD
card, and sensors. Therefore, the Smart Module needs protection from shock, dust, moisture, and
vibration during transport. On the other hand, the Reef Block is much heavier and does not require
the same type of protective case, so its transport solution must focus more on stability, safe handling,
and movement prevention.

Figure 66 shows the packaging concept for the Smart Module. The design is inspired by reusable
waterproof hard cases, such as the NANUK 935 Pro Photo Kit. This type of case is suitable for sensitive
equipment because it is designed to protect the contents from impact, dust, water, and vibration
during transport [141]. The NANUK 935 case is made with a lightweight NK-7 resin shell and is
described as impact-resistant and shock-absorbent, which makes it appropriate for transporting
electronic monitoring equipment [142].

Inside the case, the Smart Module is placed in a custom EVA foam insert. EVA foam was selected
because it is lightweight, durable, moisture-resistant, and able to absorb shock. Its closed-cell
structure gives it low water absorption, and its cushioning properties make it suitable for protecting
sensitive components during transport [143]. The foam insert is shaped around the Smart Module to
reduce movement inside the case and to keep the Smart Module and assembly instruction card
organized.

The sensors and electronic components are integrated inside the Smartlogger, which is part of the
Smart Module. Therefore, no separate sensor set or external sensor cables are included in this
packaging concept. An assembly instruction card is included to show how the Smartlogger is attached
to the Smartlogger attachment and how the protective lid is added before deployment. The EVA foam
insert is not considered a single-use material in this concept because it can be reused with the same
hard case for storage, deployment, maintenance, and retrieval operations.

Figure 67 shows the transport concept for the Reef Block. Since this part is heavy and mainly made of
concrete, it is transported separately on a wooden pallet instead of being placed inside the blue hard
case. Wooden pallets are suitable for transporting heavy goods because they provide a stable load
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carrier and allow handling with forklifts [144]. The Reef Block is fixed to the pallet using straps to
keep the load stable and reduce movement during transport [145]. This solution reduces
unnecessary packaging material while keeping the concrete block stable during handling and
transport.

The packaging also considers reuse. The waterproof hard case can be used repeatedly for storage,
deployment, maintenance, and retrieval of the Smart Module. The pallet can also be reused for
several transports if it remains in good condition. For the final version, the foam inserts should be
replaced only when damaged. In this way, the packaging can protect the product while also reducing
unnecessary waste.

These packaging images are concept visuals, so the final packaging may still change after testing. In
the next stage, handling and transport tests should be carried out to check whether the hard case,
EVA foam insert, pallet, and straps can properly protect the components under real transport
conditions.
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Figure 66: Al-generated packaging concept for the Smart Module transport case
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Figure 67: Al-generated transport concept for the Reef Block

7.6 Prototype

The prototype is designed to measure similar parameters to a CTD (Conductivity, temperature and
Depth) system, but instead of using a conductivity sensor to estimate salinity, it uses a TDS sensor.
This is a significantly cheaper alternative and is sufficient for early-stage testing, where the main goal
is to validate the system concept rather than achieve final measurement accuracy. The pH sensor is
also excluded from the prototype in order to reduce cost, since it is not essential for testing the basic
functionality of the system. Apart from the sensor selection and reduced measurement precision, the
prototype follows the same general system design as the final product. For the enclosure, a simple
airtight plastic container (e.g. from IKEA) is used as a temporary solution. This significantly reduces
costs compared to waterproof enclosures and is sufficient for controlled testing environments. To
ensure watertight cable penetrations in the prototype, a silicone-based sealant will be used. The same
sealant may also be applied around the enclosure lid if leakage is detected during testing.

7.6.1 Structure

Compared to the final designed solution, several modifications are made for the prototype. The
structural block is downscaled to 1:3, resulting in a model size of about 26 cm. This allows the
structural concept to be tested in a smaller and more practical format. In addition, alternative
materials are considered for the prototype structure. The block may either be produced using 3D
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printing or cast in standard concrete, rather than using the final material and full-scale production
method.

The smartlogger is also simplified compared to the final design. Instead of using a dedicated
underwater enclosure, a waterproof plastic box is used as the prototype housing. Holes are drilled in
the enclosure for the water-measuring sensors, which are installed through the openings and sealed
with adhesive to prevent leakage.

The prototypes pressure sensors can be tested in the pool located in the robotics laboratory. As the
prototypes enclosure can't withstand high external pressures, the pool depth of 5m is considered
sufficient for the proof of concept. An additional test setup involves using a controlled environment,
such as a sink, where parameters like temperature and TDS values can be more easily manipulated.
For example, the TDS level can be adjusted by adding salt to the water.

The enclosure will initially be tested without oil to determine whether it can withstand underwater
pressure while protecting the internal electronic components. If the enclosure is not sufficiently
pressure-resistant, it will be filled with oil as a pressure-compensation solution. This reduces the
pressure difference between the inside and outside of the box while protecting the battery, sensors,
and electronic components from direct contact with water.

These changes are made to simplify prototype construction and enable early testing of the system
concept before developing the final full-scale solution.

7.6.2 Hardware

The prototype is designed to measure parameters similar to those measured by a CTD system,
Conductivity, Temperature, and Depth. However, instead of using a conductivity sensor to calculate
salinity, the prototype uses a TDS, Total Dissolved Solids, sensor.

Conductivity measures water’s ability to carry an electrical current. This ability is directly related to
the concentration of dissolved ions, such as salts, minerals, and other inorganic materials. TDS, on the
other hand, represents the total amount of dissolved substances in the water, including inorganic
salts such as calcium, magnesium, potassium, sodium, bicarbonates, chlorides, and sulfates, as well
as small amounts of organic matter. TDS is typically measured in mg/L or ppm and is commonly used
as an indicator of water quality.

Using a TDS sensor provides a significantly cheaper alternative to a conductivity sensor. For early-
stage testing, this is sufficient because the main goal is to validate the overall system concept rather
than achieve final measurement accuracy.

In addition to measuring TDS, pressure, turbidity, and temperature are also monitored. Pressure data
can be used to calculate depth. Turbidity indicates the presence of suspended particles, while
temperature affects the physical and chemical properties of the water. The pH sensor is also excluded
from the prototype in order to reduce cost, since it is not essential for testing the basic functionality of
the system. Apart from the sensor selection and reduced measurement precision, the prototype
follows the same general system design as the final product.

The selected sensors used in the prototype are presented in Table 29.

Table 29: Table of prototype sensors
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Power |Operating

Sensor (Type supply |[current (A)

Measurement |Quantity Link/Comment

SHT21 |Temperature 3.3V 0.0015 -40°C to +125°C|1 link
TDS (Total .
SEN0244 dissolved solids) 3.3-5.5V |0.0060 0-1000 ppm 1 link
Not suitable
SENO257|Pressure 5V 0.0028 0-16 bar 1 link |for open
seawater
SEN0189(Turbidity 5V 0.0400 0-3000NTU |1 link [Measures
water turbidity
Total 0.0503

In the prototype, an Arduino Uno R3 is used as the microcontroller. Since the Arduino Uno lacks a
built-in RTC, an external RTC module is required to enable accurate timekeeping. The system
operates with a logic voltage of 5V, whereas the SD card reader operates at 3.3 V logic level.
Therefore, a logic level converter is necessary to ensure proper communication between components
with different voltage requirements.

The prototype is powered by a 9V, 640 mAh alkaline battery. Due to its limited capacity, the
operational time of the prototype is significantly shorter than that of the final system, restricting
testing and data collection to a period of only a few hours. Therefore, the prototype is intended
primarily as a proof of concept. Since the battery voltage decreases gradually during discharge, the
battery cannot be assumed to be fully depleted before the supply voltage falls below the minimum
operating voltage required by the electronics. Therefore, only 70% of the nominal battery capacity is
considered usable in the present calculations.

The estimated energy consumption is based on the system’s calculated power usage of 0.92 W.
Battery capacity: 9 V * 0.64 Ah * 0.7 = 4.03 Wh

Battery time: 4.03 Wh /0.92 W = 4 h

The other electronic components used in the prototype are listed in Table 30.

Table 30: Table of electrical components

Product Type :3;\':'; ?L?ﬁ;?]t;?g) Output Quantity|Link
Arduino ABX00080 |Microcontroller 6-24V 0.038 5V 1 link
JOY-IT COM-MSD SD module 3.3V 0.1 1 link
FDMMO004GMC-XEOQO |MicroSD card 1 link
4022211111 9 V alkaline battery 9V 0.64 Ah |1 link
MP007080 Battery contact 1 link
RTC Tiny For Arduino|RTC 5V 1 link
Total 0.138

For prototype testing, a low-cost solution is used both for the enclosure and structural elements. A
simple plastic lunchbox can serve as a temporary enclosure, where holes can be drilled for sensor
placement, making it suitable for controlled testing before investing in the final underwater housing.
In addition, standard cement is used for structural testing, as it provides sufficient strength at a very
low cost. These materials are summarized in Table 11.
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PLA filament can be used either as an alternative material for the blocks or to create moulds for
casting concrete blocks, or as the structure for the prototype instead of concrete. This allows for
greater flexibility and repeatability during the design and testing phase. However, PLA is not suitable
for long-term structural use in harsh environments, and is therefore primarily intended for prototyping

and tooling purposes.

The enclosure used for the prototype is a simplified version of the final system design. To minimize
development costs and allow rapid iteration, a standard plastic food container is utilized as the
enclosure. To ensure watertight cable penetrations, a silicone-based sealant is applied at all cable
entry points. Silicone sealant is chosen due to its flexibility, ease of application, and adequate
waterproofing properties. In addition, the sealant may also be applied along the interface between the
lid and the enclosure body if leakage is detected during initial testing

If the external hydrostatic pressure exceeds the enclosure’s mechanical limits at greater test depths,
an oil-filled enclosure may be used as a pressure-compensation solution. Transformer oil would be the
preferred choice due to its superior electrical insulation properties, however, it is difficult to obtain for
small-scale prototyping. Therefore, cooking oil is considered as a low-cost and readily available
alternative. Although it doesnt provide the same electrical insulation, it is expected to be sufficient for
this low-voltage prototype and suitable for short-term experimental testing.

Table 31: Table of low-cost prototype materials (Portugal)

Price
Product Type (incl. Quantity| Supplier |Link Comment
VAT)
Concrete Used for
Cement (CEM Il 25kg) . 539¢€ 1 Leroy Merlin|link |structural
material
prototype blocks
Plastic lunchbox (single  |Prototype 3¢ 1 IKEA link |Simple enclosure
compartment) enclosure
Smaller plastic lunchbox Backup 15€ 1 IKEA link |Backup option
enclosure
PLA filament 1kg 3D prl_ntlng 1460€ |1 Filament 3D |link |Backup option
material
Ceys Total Tech Universal
Glue and Sealant 290 ml |Silicone sealant [8.99 € 1 Leroy Merlin|link
Transparent
Continente cooking oil 1L |Oil for enclosure [1.69 € 1 Continente |link gzggeodnly i
Total 35.17 €

The final prototype may not utilize the exact components and materials specified in this study;
however, functionally equivalent or closely comparable alternatives are expected to be used.

The electrical schematics for the prototype is presented in figure 68.
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Figure 68: Prototype electrical schematics

7.6.3 Software

Overview

The system is an automatic water quality logger built on an Arduino Uno. It continuously reads data
from several sensors and writes the measurements to a CSV file on an SD card every 10 seconds. The
system is controlled by a switch that pauses and resumes logging without requiring a restart.

Libraries

The code uses five libraries:

SHT21.h — reads temperature from the SHT21 sensor over I°C

SD.h and SPl.h — handles communication with the SD card

Wire.h — enables I°C communication between the Arduino and sensors

RTClib.h — reads the current date and time from the DS1307 real-time clock over I°’C

Sensors & pins

Sensor Pin Protokoll
Turbidity sensor A0 Analog
TDS sensor Al Analog
Pressure sensor A2 Analog
SHT21 (temperature)  |A4/A5 I°C
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Sensor Pin Protokoll
DS1307 (real-time clock)|A4/A5 I°’C

SD card 10, 11, 12, 13|SPI

On/off switch 2 Digital

The SHT21 and DS1307 share the same I°C bus (SDA/SCL) since each device has a unique address —
0x40 and 0x68 respectively.

Setup
When the Arduino powers on, setup() runs once and performs the following in order:

Initializes 1°C and Serial communication

Initializes the SD card — halts with an error message if it fails

Initializes the RTC — if the clock is not running, it sets the time to the compile time of the code
Fills the TDS buffer with initial readings

Creates log.csv with a header row if the file does not already exist

The SD card is initialized before the RTC to avoid conflicts on the shared bus during startup.
Main loop
The loop() function runs continuously and handles four tasks:

e Switch monitoring
o The switch is read every loop iteration.
o When flipped to the off position, logging is paused and a message is printed to Serial.
o When flipped back, logging resumes.
o This allows the system to be safely disconnected without risking data corruption, since
the SD file is always closed after each write.
e Sensor readings
o On every loop iteration the following are measured:
= Turbidity — the analog value from AO is averaged over 10 readings to reduce noise,
then converted to voltage.
= Pressure — the analog value from A2 is converted to voltage and then to kPa using
the sensor's offset and scaling factor.
» Temperature — read directly from the SHT21 via I°C.
e TDS sampling
o The TDS sensor is sampled every 40 milliseconds and stored in a circular buffer of 30
values.
o This continuous sampling ensures a stable reading is always available when it is time to
log.
¢ Logging every 10 seconds
o Every 10 seconds the following happens:
= The TDS buffer is processed using a median filter to remove outliers.
= The filtered TDS voltage is temperature-compensated using the formula:
compVoltage = avgVoltage / (1.0 + 0.02 * (temp - 25.0))
»= The compensated voltage is converted to ppm using a third-degree polynomial
calibration curve.
* The current date and time are fetched from the RTC.
= All values are printed to the Serial monitor.
= A new row is appended to log.csv on the SD card in semicolon-separated format.
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» The file is closed immediately after writing to prevent data loss in case of power
failure.

Median filter

The getMedianNum() function sorts a copy of the TDS buffer using bubble sort and returns the middle
value. This effectively removes spike readings caused by electrical noise, giving a more accurate TDS
measurement than a simple average would.

CSV output format
Each row in the log file contains:

Date ; Time ; Turbidity [V] ; Temperature [C] ; TDS [ppm] ; Voltage [V] ;
Pressure [kPa]

The file begins with sep=; which tells Microsoft Excel to automatically use semicolon as the column
separator when opening the file.

Flowchart software

The software flowchart illustrates the automatic data logging process used in the Maris Habitats
prototype. The process starts by checking whether the SD card is available. If the SD card is not
detected, the program stops. If the SD card is working, the system continues by checking whether the
RTC module is running. If the RTC is not available, the program also stops.

When both the SD card and RTC module are ready, the software creates or opens the log.csv file. The
program then checks the switch state. If the switch is off, logging is paused. If the switch is on, the
system reads the connected sensors. The program then checks whether 10 seconds have passed
since the last logging cycle. If not, the system continues reading sensor values.

When the logging interval has passed, the software retrieves the current time from the RTC module
and writes the timestamped sensor data to the SD card. After the data is saved, the program returns
to the switch check and repeats the process continuously. This flow ensures that the prototype
automatically collects and stores environmental data in a structured way. Figure 69 shows the
software flowchart of the Maris Habitats prototype.
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Figure 69: Software flow chart
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7.6.4 Tests & Results

7.6.4.1 Hardware tests

The purpose of the prototype testing is to verify that the Maris Habitats prototype performs its basic
functions under controlled surface conditions. The prototype is not intended for underwater
deployment or long-term marine testing. Therefore, the tests focus on validating the electronic
system, sensor response, data logging, power supply, removable smartlogger concept, and basic
structural handling above the water surface.

Since the prototype cannot be tested underwater, all tests are carried out under controlled surface
conditions. The sensor system is tested using air exposure, manual handling, and separate water
samples where relevant. The complete prototype is not submerged. A test is marked as Pass when
the function operates as expected during the controlled test. A test is marked as Fail if the component
does not respond, gives unreasonable values, stops operating, or cannot be used as intended.

Functionality Test Result
Arduino powers on correctly when connected to the battery or power supply Pass
Arduino reads data from all connected sensors without system errors Pass
Temperature sensor responds to temperature changes in air or by touching the sensor Pass
with a warmer or cooler object
TDS sensor gives different readings when tested in separate water samples, such as

. ) Pass
clean water and saltwater, without submerging the full prototype
Pressure sensor gives a measurable response when pressure is applied manually or p

ass

through a controlled surface-level test setup
Turbidity sensor detects changes when an object interrupts the sensing node Pass
SD card module creates a readable data file Pass
Sensor values are stored correctly on the SD card Pass
Each data entry follows the expected format, including sensor name, sensor value, and Pass

time or measurement number
The battery or power supply can run the prototype during the full test period Pass
The physical structure remains stable during handling and surface-level demonstration |Pass / Fail

The prototype demonstrates the basic concept of a removable monitoring unit
combined with a habitat structure

Pass / Fail

These tests are intended to validate the proof-of-concept prototype only. They do not verify long-term
underwater durability, waterproofing, marine pressure resistance, or biological performance. These
aspects must be tested in future development using a marine-grade final product.

7.6.4.2 Software tests

The software data logging function was tested using the prototype hardware in order to validate the
same basic principle used in the final product. During the test, the Arduino software was uploaded to
the microcontroller and used to read values from the connected sensors. The measured values were
then written to an SD card and checked afterwards on a computer.

The purpose of this test was to verify that the software could initialize the SD card module, create or
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open a data file, collect sensor values, write the values in a readable format, and store the file
correctly. The same values were also displayed in the Serial Monitor during testing, allowing the team
to compare the live readings with the stored data.

The test confirmed that the software is able to perform local data logging. This means that the system
can collect sensor data and save it on an SD card without using real-time communication. This
supports the final product concept, where the smartlogger stores environmental data locally until it is
retrieved during scheduled maintenance.

Figure 70 shows how the data stored on the SD card is presented in Excel.

A B C D E F G
1 Date Time Turbidity[V] Temperature [°C] TDS [ppm] Voltage [V] Pressure [kPa]
2 3062026 10:34:48 3.74 29.72 34 0.576 37.3
3 3062026 10:34:58 3.75 29.77 35 0.571 35.3
4 3062026 10:35:08 3.75 29.79 35 0.586 41.2
5 3062026 10:35:18 3.73 29.88 35 0.566 33.4
6 3062026 10:35:28 3.75 29.91 35 0.576 37.3
/7 3062026 10:35:38 3.91 29.89 34 0.576 37.3
8 3062026 10:35:48 3.73 29.94 35 0.576 37.3
9 3062026 10:35:58 3.76 30.02 35 0.571 35.3
10 | 3062026 10:36:08 3.88 30.03 37 0.581 39.2
1113062026 10:36:18 3.91 30.06 35 0.571 35.3
1213062026 10:36:28 3.89 29.80 69 0.571 35.3
3 3062026 10:36:38 3.90 29.77 69 0.581 39.2
141 3062026 10:36:48 3.87 29.77 69 0.576 37.3
1513062026 10:36:58 3.86 29.78 69 0.581 39.2

Figure 70: Stored data in Excel

7.7 Summary

This chapter described the development of Maris Habitats from concept planning to prototype testing.
The main focus of the development was to create a smart monitoring system that can read
environmental data from a smartlogger and store the measurements locally. The physical reef
structure was included as the supporting structure for the smartlogger, but the main technical
purpose of the prototype was to validate the data collection and logging process.

The chapter presented the smart system, including the hardware, electronics, software and
packaging. The smartlogger was designed as a separate unit containing the sensors, microcontroller,
battery and SD card. This solution allows data collection and maintenance without removing the
whole reef structure from the seabed. The software was developed to read sensor values and store
the collected data locally on an SD card, making the system suitable for basic environmental
monitoring without requiring continuous underwater communication.

The prototype was built as a simplified validation model rather than a final marine-grade product. It
was used to test the basic structure, electronic integration, sensor readings and data logging process
under controlled conditions. The prototype helped confirm that the main technical logic of the system
works, while also showing which parts would need further development before real underwater
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deployment.

Chapter 7 shows how Maris Habitats was transformed from a theoretical concept into a physical and
functional prototype. The development process confirmed the feasibility of combining a modular reef
structure with a removable monitoring system. Further development should focus on marine-grade
materials, waterproofing, long-term durability, sensor accuracy and real environmental testing.
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8. Conclusions

This chapter summarizes the main outcomes of the Maris Habitats project. It presents the main
achievements, the limitations of the current prototype, and the future development steps required
before the system can be considered for real marine deployment.

8.1 Achievements

The Maris Habitats project resulted in the development of a modular artificial reef concept combined
with an environmental monitoring system. The final concept consists of Reef Blocks and optional
Smart Modules for local environmental data collection. This allows the system to provide both physical
habitat support and long-term observation of marine conditions.

One of the main achievements was the development of a modular Reef Block structure. The design
uses repeated concrete-based Reef Blocks that can be arranged in different configurations depending
on the site, project size, and monitoring needs. This supports scalability and makes the system
adaptable to different marine environments.

Another achievement was the integration of the monitoring concept. The Smartlogger was designed
as a removable unit so that battery replacement, sensor inspection, maintenance, and data retrieval
can be carried out without removing the whole Reef Block from the seabed. This supports long-term
use and reduces unnecessary disturbance to the marine environment.

The team also developed and tested a simplified prototype under controlled conditions. The prototype
focused on basic sensing, data logging, and electronic integration. Although it does not represent the
final marine-grade product, it helped validate the basic technical logic of the system.

In addition, the project included material research, structural design review, sustainability analysis,
ethical analysis, market analysis, and packaging development. These activities helped define Maris
Habitats as a modular reef infrastructure and environmental monitoring solution rather than only a
physical artificial reef product.

8.2 Limitations

Although the project achieved its main concept and prototype goals, several limitations remain. The
prototype was tested only under controlled conditions and was not deployed in a real marine
environment. Therefore, the results cannot yet prove long-term underwater performance, ecological
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impact, or full durability in harsh marine conditions.

The prototype also uses a simplified sensor set due to budget and component availability. The final
product is intended to include more advanced sensors, such as pH and conductivity sensors, but
these were not fully integrated into the prototype. For this reason, the current testing only validates
part of the intended monitoring function.

Another limitation is related to waterproofing and pressure resistance. The final system would need a
certified marine-grade enclosure, reliable underwater connectors, and long-term leak testing before
real deployment. The prototype housing is useful for basic validation, but it is not suitable for deep or
long-term marine use.

One limitation of the Smartlogger is that the system does not transmit data in real time. Since the
data is stored locally on the SD card, the user cannot monitor the Smartlogger during operation to
confirm whether it is still functioning correctly. This means that possible failures, such as sensor
errors, SD card issues, or power loss, may only be discovered after the Smartlogger has been
retrieved and the stored data has been checked. For future development, real-time status monitoring
or a simple diagnostic signal could be considered to improve reliability and make it easier to detect
problems during operation.

The structural analysis was also based on simulations and simplified assumptions. Although the
results support the feasibility of the design, real physical testing would still be required to evaluate
stability, impact resistance, seabed interaction, and long-term material degradation. Marine
structures can be affected by seawater exposure, chloride and sulfate attack, corrosion processes,
and wave action over time [146].

The ecological effect of the Reef Blocks has not yet been tested. The project can only claim that the
structure may support habitat formation over time. Real ecological success would require long-term
field observation, baseline comparison, and cooperation with marine experts. Artificial reef projects
require careful site selection, suitable design, and long-term monitoring before their ecological
performance can be evaluated [147].

8.3 Personal Outcomes

The EPS@ISEP programme contributed to the development of key professional competencies, as
evidenced by the students’ written testimonies. Participants reported improved ability to work in
multicultural teams, enhancing communication skills and intercultural awareness. These accounts
also indicate the development of project management and organisational skills, including task
coordination, structured problem-solving, and adherence to deadlines. The application of practical
methods, such as planning and continuous monitoring, supported effective teamwork throughout the
project. In addition, the team perceived improvements in technical and presentation skills, including
design capabilities and the ability to communicate and defend technical results. Overall, these
outcomes highlight the acquisition of comp competencies relevant to international and
multidisciplinary engineering practice.

8.4 Future Development

Future development should first focus on improving and validating the Smartlogger system. The
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electronic components should be integrated into a more robust marine-grade Smartlogger housing
with reliable waterproofing, pressure resistance, and corrosion protection. The sensor system should
also be expanded to include the final intended parameters, such as pH and conductivity.

Further testing is also needed for the power system. Battery life should be tested under realistic
measurement cycles, and the energy consumption of the full system should be confirmed. This is
important because the system is designed for long-term local data logging and scheduled
maintenance.

The Reef Block structure should also be tested further. Future work should include physical stability
tests, impact tests, and material durability tests in seawater. The connection between the Reef Block,
Smartlogger attachment, and Smartlogger should be checked carefully to make sure that the system
remains stable and safe during deployment.

Another important future step is field testing. A small pilot installation in a controlled marine
environment would allow the team to collect real environmental data, observe biofouling, evaluate
maintenance needs, and study how marine organisms interact with the Reef Blocks over time. Since
marine sensors can be affected by biofouling, regular inspection, cleaning, and calibration should be
considered during future testing [148].

Future development should also include clearer data management procedures. The team should
define how data is stored, documented, validated, and interpreted before it is used in reports or
decision-making. For ocean data projects, data management planning is recommended to ensure that
collected data is properly stored, preserved, and documented [149].

Future work should involve stronger collaboration with public authorities, research institutions,
environmental NGOs, and marine infrastructure partners. These stakeholders would be important for
site selection, permits, environmental assessment, deployment, and long-term monitoring.

Maris Habitats provides a useful foundation for a modular reef infrastructure and environmental
monitoring system. However, before real deployment, the concept must be further validated through
marine-grade engineering, long-term testing, and ecological monitoring. These steps are necessary to
help make the system safe, reliable, and useful for marine restoration and environmental observation.
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