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• R&D non-profit research and technology interface institution

• Researchers from multiple universities in northern Portugal
University of Porto

Porto Polytechnic Institute - ISEP

Univ. Minho

UTAD

• ~900 researchers (~300 PhDs) dedicated to R&D and advanced consulting

• ~29M€ total activity (2023)
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• Some figures

• ~85 researchers

• 25 projects

• 4.3 M€ turnover (2023)

• Multiple funding sources

• HE, H2020, P2020, FCT

• Industry (direct contracts)

• Wide spectrum of TRL levels

• Robotics and Autonomous Systems
• Aerial, land and water robotics

• Navigation and control

• Perception and awareness

• Mapping and real time perception

• Cooperative robotics

• Innovative robotic solutions

• Long term autonomy

CENTRE FOR ROBOTICS &
AUTONOMOUS SYSTEMS
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ROBOTICS & AUTONOMOUS SYSTEMS 
LABORATORY

• More than 1000 m2 of lab space
• Large indoor space robot testing

• Two test tanks
• 10 x 6 x 5 m

• Underwater vision-based ground-truth system

• Hyperbaric chamber
• 750 bar (7500 m)

• 400 bar (4000 m)

• Production facilities
• CNC, 3D printing etc.
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R/V MAR PROFUNDO & HARBOUR INFRASTRUCTURES

• Coastal research and technology development vessel

• Catamaran, ~20 m length

• A-frame 1.5 ton and 700 kg crane

• On board lab

• Capacity for 9 researchers 

• Ocean operations, tailored for missions up to 60 
nautical miles

• Lab space at Harbour

• 2 labs
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HUB AZUL LEIXÕES (HAL)
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International

Organizations

Companies

Governmental Organizations

Research and Technology Organizations
Associations

TRIDENT
F I G U R E S  &  C O N S O RT I U M

Horizon Europe project 

(Total Budget 16 M€, 
EU contribution 11.8 M€, 
25 partners, 10 countries)

Coordinated by INESC TEC

Start: Jan 2023

End: December 2027 

Final demonstration at 
Tropic Seamount in 2027

https://deepseatrident.eu/

Technology Based Impact Assessment Tool For Sustainable, 

Transparent Deep Sea Mining Exploration And Exploitation
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• Remote and deep locations

• Three main types of deep-sea deposits:

• Polymetallic Massive Sulphides (PMS) – three-dimensional, diameter up to 300 m and 
100 m ore body depth, at 1500-5000 m water depths, hydrothermally inactive deposits but can 
be close to active hydrothermal sites, requires open cast mining

• Cobalt-rich ferromanganese crusts (CFC) - form two-dimensional deposits, a few 10’s 
cm thick and covering 10’s to 100’s km2, mainly inactive seamounts and aseismic ridges, at 
1500-4000 m depths

• Polymetallic nodules (PMN) - two-dimensional deposits, a few cm’s thick and covering 
10,000’s km2, 4000-5000 m deep, sediment-covered ocean floor.

• And each seafloor mineral deposit has its own unique mix of 
environmental conditions and potential impacts varying across different 
length scales.

• There are different approaches to deep-sea mining; mining technologies 
are in development stages; their potential environmental impacts are still 
unknown.

• Environmental impacts are expected to occur mainly on the seabed and in 
the water column

• Plumes are the most far-reaching of the potential impacts.

Technology Based Impact Assessment Tool For Sustainable, Transparent Deep Sea Mining Exploration And 

Exploitation

ENVIRONMENTAL IMPACT ASSESSMENT OF DEEP-SEA MINING

THE PROBLEM
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Cooperation with ISA

Technology Based Impact Assessment Tool For Sustainable, Transparent Deep Sea Mining Exploration And 

Exploitation

TRIDENT APPROACH 

TO ENVIRONMENTAL IMPACT ASSESSMENT OF DEEP-SEA MINING 

H O L I S T I C  
A P P R O A C H
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Real-time data communication

TRIDENT - PROPOSED CONCEPT
Technology Based Impact Assessment Tool For Sustainable, Transparent Deep Sea Mining Exploration And 

Exploitation

Comprehensive solution Environmental 

Impact Assessment Monitoring System 

dependable, transparent, and cost-effective

Independent of contractors

Ensuring the Integrity and inviolability of 

monitoring data

Increase the autonomy and permanence of the 

monitoring systems. Reduce the need for support 

vessels and humans on-site

Covering near, middle and far fields

Incorporating advanced sensing technology in 

mobile/transportable deep-sea observatories and 

mobile platforms (long-range AUVs and gliders)

Near Real-time data for remote control centres

Integrating baseline data, forecasting models and 

near real-time data in an intuitive Traffic Light 

System that helps operators and regulators to

quickly identify potentially harmful situations

Has low environmental impact
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INNOVATIVE TECHNOLOGIES

Technologies being 

developed for the impact 

assessment system:

Advanced sensing systems for Deep-Sea impact assessment monitoring: 
new biogeochemical sensors, optical Dust Trap, noise sensors and Low power smart data logger

Real-time Black-box for the mining machine
Near field sensors, independent localisation and communication to surface interface

Dynamic Infrastructure for underwater Positioning and Communications

Dynamic Infrastructure for the support of seabed monitoring nodes
Energy and Data transfer

Collaborative plume tracking and Adaptive Sampling Strategies for Mobile 
Platforms 

Development of the Environmental Management visualisation system and an  
Early Warning ‘Traffic Light system’–integrating real-time data and model forecast

Incorporating advanced sensing technology in mobile/transportable deep-sea 
observatories
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TRIDENT - PROPOSED CONCEPT

Real-time data communication

Technology Based Impact Assessment Tool For Sustainable, Transparent Deep Sea Mining Exploration And 

Exploitation
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TRIDENT PROJECT TIMELINETechnology Based Impact Assessment Tool For Sustainable, Transparent Deep Sea Mining Exploration And 

Exploitation

System concept design, architecture and 

specifications

Deep-sea mining technological developments, 

integration, testing and field validation

Final Demonstration

2023 2024 2025 2026 2027

Deployment of 

sensors

Recovery of sensors 

/ tech validation
Field testing of the 

completed system

Field Campaigns

Baseline Survey Baseline Validation Final Demonstration

Defining the approach to baseline

environmental assessment
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1) Marino, E., et al. (2017). Strategic and rare elements in Cretaceous-Cenozoic cobalt-rich ferromanganese crusts from seamounts in the Canary Island Seamount Province (northeastern tropical Atlantic). Ore Geology Reviews, 87, 41-61.
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2)

1)

Pilot Site - TROPIC SEAMOUNT Technology Based Impact Assessment Tool For Sustainable, Transparent Deep Sea Mining Exploration And 

Exploitation
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FIRST MISSION 

BASELINE SURVEY 

Research Vessel: Mário Ruivo PT

JUN 2024 – 20 DAY MISSION

• Deploy 6 Multi-sensor MonSta Landers for a one year long mission

• Use EVA AUV/HROV to support lander deployment, high resolution 

survey and carry several sensors

• 2 SEAEXPLORER Gliders to take measures on the water column: 

dissolved oxygen, turbidity and noise

• Moored equipment during the expedition to measure water column 

parameters

• EGIM module sitting on the seafloor during the expedition to 

measure conductivity, temperature, turbidity, and dissolved oxygen

• Other classic methods: Hydrophones, Box corer and/or multi core, 

CTDs, Niskin bottles to collect water samples, Spectroradiometer, 

plankton Multinet

Technology Based Impact Assessment Tool For Sustainable, Transparent Deep Sea Mining Exploration And 

Exploitation

Landers 

Mooring

Blue circle 1 km diameter

Dark blue 500 m diameter
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FINAL MISSION ON 2027Technology Based Impact Assessment Tool For Sustainable, Transparent Deep Sea Mining Exploration And 

Exploitation

2027 FINAL MISSION AT THE DEMONSTRATION SITE: TROPIC SEAMOUNT

3 RESEARCH VESSELS:

• Celtic Explorer IE

• RSS James Cook / RSS 

Discovery UK

• Sarmiento de Gamboa ES

• Mário Ruivo PT (optional)
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i n f o @ d e e p s e a t r i d e n t . e u   ·   w w w. d e e p s e a t r i d e n t . e u

Funded by the European Union. Views and opinions expressed are however those of the author(s) only and do not necessarily reflect those of the European Union 
or the European Health and Digital Executive Agency. Neither the European Union nor the granting authority can be held responsible for them.

José Almeida

Jose.m.almeida@inesctec.pt

Thank you for your attention!
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