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January 17™ edit: Section 3.3.1 Non-ROV Device Power Specifications. The update provides limits on
the maximum voltage and amperage allowed.

OVERVIEW
THINK OF YOURSELVES AS ENTREPRENEURS INSPIRED BY ESG

From harnessing the energy in light, wind, and waves to farming fish, shellfish, and blue carbon and
deploying technology to monitor ocean health, individuals who possess entrepreneurial skills are in high

2022 EXPLORER CLASS 2


https://creativecommons.org/licenses/by-nc-sa/4.0/
http://www.materovcompetition.org/
http://www.mateii.org/
https://creativecommons.org/licenses/by-nc-sa/4.0/

demand and stand out in the crowd of potential job candidates. What are entrepreneurial skills? They
include the ability to understand the breadth of business operations (e.g., finances, research and
development, media outreach), work as an integral part of a team, think critically, and apply technical
knowledge and skills in new and innovative ways. They also include the awareness to take
environmental, social, and governance (ESG) factors into consideration when making business decisions.
Individuals who develop a mindset for innovation, collaboration, and ESG will be well prepared for the
global workplace and ready to tackle today — and tomorrow’s — societal and environmental challenges.

To help you to better understand and develop these skills, the MATE ROV competition challenges you to
think of yourself as an entrepreneur. Your first task is to create a company or organization that
specializes in solutions to real-world marine technology problems. Use the following questions as a
guide.

e What is your company name?

e Who are its leaders — the CEO (chief executive officer — the leader) and CFO (chief financial
officer who oversees the budget and spending)?

e Who manages Government and Regulatory Affairs (i.e. who’s in charge of reviewing the
competition rules and making sure that they are understood and followed by everyone)?

e Who is responsible for research and development (R&D)?

e Who is responsible for system(s) engineering? Design integration? Testing? Operations? Who
is responsible for fund-raising, marketing, and media outreach?

e  Who is the company’s ESG research and engagement analyst?

e What other positions might you need? (Depending on your personnel resources, more than one
person may fill more than one role.)

e What products and services do you provide?

e Who are your potential clients?

This year, in addition to inspiring ESG, the MATE ROV Competition is embracing the opportunity to
highlight the United Nations Decade of Ocean Science for Sustainable Development and aligning its
mission tasks with one or more the 17 UN Sustainable Development Goals. Our ocean planet and global
community are your “clients” who recently released a request for proposals. A request for proposals
(RFP) is a document that an organization posts to solicit bids from potential companies for a product or
service. The specifics of your product design and rules of operation as well as the specifics of your
product demonstration are included below.

EXPLORER CLASS DEMONSTRATION
All EXPLORER class companies are required to submit a video that:
e Demonstrates the ability of their vehicle to perform specific tasks;
e Shows compliance with MATE’s design, build, and safety specifications.

Video specifications:
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Video specifications: The video MUST show the following ROV features for the specified amount of
time. Companies can choose to narrate the video to help explain how their vehicle meets these
required specifications. Alternatively, a MATE official may schedule a Skype, Google Hangout,
GoToMeeting, Zoom, Webex or other type of video conferencing session with the company. During the
session, companies must visually show, and answer questions about, the following ROV features.

The video MUST show in this order:

15 seconds (or more) of the 48-volt power supply (ELEC-002E).
15 seconds (or more) showing a properly sized Littelfuse. The company MUST use a ruler to
show that this fuse is within 30 cm of Anderson Powerpole connectors. (ELEC-008E, ELEC-010E).

3. 30 seconds (or more) of the inside of the control box showing the wiring and components.
MATE will be looking for:

o No exposed wiring (ELEC-017E).

o That the control box is neatly laid out with attention to workmanship. (ELEC-022E).

o Separation and identification of 120VAC wiring from DC and control voltages. (ELEC-
023E). If 120VAC is not used in the control box, you should video a slide stating that AC
power is not used in the control box.

4. 15 seconds (or more) in the control system showing that there is no conversion of the 48V until
it reaches the ROV. Power supplies, ESCs, H-Bridges or other voltage conversion devices are not
allowed on the surface. (ELEC-003E & ELEC 004E)

5. 30 seconds (or more) showing any hydraulic / pneumatic systems including a pressure release
valve and regulator in the system (FLUID-007, FLUID-011), and that any pressurized cylinder,
pressure storage device meets the MATE specifications of (FLUID-012, FLUID-013). In addition,
the type of fluid should be clearly stated in the video (FLUID-002, FLUID-003, FLUID-004) If the
vehicle does not use fluid power, you should video a slide stating that Fluid Power is not used
on this ROV for 10 seconds.

6. 15 seconds (or more) showing the tether and wires, with strain relief, entering the control
station (ELEC-024E)

7. 15 seconds (or more) showing the tether entering the ROV and strain relief for the tether (ELEC-
024E)

8. 60 seconds (or more) total, 10 seconds (or more) per side of the ROV (4 sides plus top and
bottom) showing that all motors are waterproofed and propellers are shrouded and protected
with guards. There are no sharp edges or elements of the ROV that could cause damage (MECH-
006, ELEC-017E).

Video demonstrating specific tasks: Following those requirements, the video must demonstrate that the
ROV can complete the following product demonstration tasks. The ROV must complete all the tasks

within 15 minutes.

The UNCUT video must show the vehicle:
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1. Launching safely from the side of the pool and maneuvering to tasks.
a. See specifications (MECH-004 & MECH-005).
2. Completing the required tasks. This includes:
a. Task 1: Marine Renewable Energy
i. Removing a ghost net from inter-array cable
1. Pulling a pin to simulate cutting the ghost net free
2. Removing the ghost net from the water
Note: The pin on the ghost net must be positioned midwater, at least 50 cm
above the bottom of the pool.
b. Task 2: Offshore Aquaculture and Blue Carbon
i. Maintaining a healthy environment
1. Collect a mort
2. Inserting a mort into the collection tube
ii. Farm seagrass
1. Prune an existing seagrass bed
2. Plant a new seagrass bed

The camera angle must demonstrate that the ROV is under its own power and not assisted by humans
when in the water. The MATE ROV Competition requires that the camera show the complete ROV in the
field of view at all times. A video that cuts between camera angles will not pass the demonstration
requirement of “uncut” footage. The video is permitted to show a split screen or may incorporate a
separate window showing the ROV camera or other footage. However, the video MUST show an uncut
view of the vehicle from launch to completion of the tasks. The tasks must be completed within 15
minutes.

Companies may complete the tasks in any order they wish.

* Companies that advance from an EXPLORER class regional with 5 teams or more are not required to
submit a video showing completion of the required tasks. However, these companies must still submit
the required specifications video.

See Documentation Submissions | MATE ROV Competition Website for submission information.
Additional submission information can be found in PART 6: SUBMISSION GUIDELINES AND KEY
DEADLINES.

Companies are allowed to make minor changes to their ROV after their video demonstration, but the
overall systems should be the same. Minor changes include adding/removing buoyancy, adding
tools/sensors that were not used for the demonstration, etc. The frame, motor configuration, and the
control system must be the same for the video demonstration and the World Championship
competition. Safety inspectors will refer to images of the ROV and control system taken from the
demonstration video. Vehicles with different systems will not pass the safety inspection.
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NOTE for 2022!!!

Due to the continued impact of the pandemic, EXPLORER class teams may or may NOT be encouraged to
attend RANGER/NAVIGATOR/SCOUT regional events this competition season to showcase their vehicle.
Contact your regional coordinator to determine whether or not you will be encouraged to attend the

regional event.

Regional competitions benefit from the participation of EXPLORER class companies by:

e Showecasing EXPLORER ROVs to RANGER, NAVIGATOR and SCOUT class companies to help them
to learn about advanced systems and get ideas for “next year”

e Inspiring RANGER, NAVIGATOR, and SCOUT students to see what’s possible if they continue to
progress through the competition classes

e Providing examples of educational pathways and potential post-secondary institutions and
programs to continue to pursue STEM learning

e Having access to additional volunteers and judges

Companies benefit from attending the regional by:
e Having access to the product demonstration props and the opportunity to conduct a “wet” run
e Receiving feedback from safety inspectors, including identification of potential safety violations
and what can be done to enhance their vehicle from a safety standpoint
e Receiving technical help from engineers and technicians as well as from other companies
e Gaining insight and sharing ideas with other companies
e Earning points for the corporate responsibility portion of the competition

NOTE for 2022!!!

MATE strongly encourages companies to demonstrate at, compete at, or assist with a regional event.
Companies that attend a regional event tend to have an advantage at the MATE World Championship.
For example, eight of the top ten EXPLORER class finishers in both 2018 and 2019 attended a RANGER
regional or competed at an EXPLORER regional. In 2017, all five the top EXPLORER class finishers
attended a RANGER regional or competed at an EXPLORER regional.

PART 1: PRODUCT DEMONSTRATION

OVERVIEW

EXPLORER class companies will take part in ONE product demonstration that consists of three distinct
tasks:

TASK #1: MARINE RENEWABLE ENERGY
TASK #2: OFFSHORE AQUACULTURE AND BLUE CARBON
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TASK #3: ANTARCTICA THEN AND NOW: ENDURANCE22 AND MATE FLOATS!

NOTE: For EXPLORER class companies participating in regionals, your regional competitions may not
include all 3 tasks of the product demonstration; regional competitions may also give companies more
than one attempt at the product demonstration. Contact your regional coordinator or visit your
regional contest’s website to determine what will take place at your regional competition. Regardless,
the product demonstration score will be added to your ENGINEERING & COMMUNICATION and SAFETY
scores to determine your total, overall score for the competition.

SCORING OVERVIEW
The competition consists of product demonstrations, engineering and communication, and safety with
the following scoring breakdown:
e Product demonstrations
o 300 points (max), plus a time bonus
o Weight restrictions
= 10 points (max)
o Product demonstration organizational effectiveness
= 10 points (max)
e Engineering & Communication
o Technical documentation
= 100 points (max)
o Engineering presentations
= 100 points (max)
o Marketing displays
= 50 points (max)
o Company Spec Sheet
= 20 points (max)
o Corporate Responsibility
= 20 points (max)
o Virtual Reality assets
= 25 points (max)

o Initial Safety and Documentation Review
= 20 points (max)

o Safety Inspection
= 30 points (max)

o Job Safety Analysis (JSAs)
= 10 points (max)

TOTAL POINTS = 695
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NOTE: For EXPLORER class companies attending regional competitions, your regional may not require
all of the Engineering & Communications components or offer the opportunity to earn points for
Corporate Responsibility. Contact your regional coordinator or visit your regional contest’s website
for more information.

TIME
Each product demonstration includes:
e 5 minutes to set up at the product demonstration station
e 15 minutes to attempt the tasks
e 5 minutes to break down and exit the product demonstration station

Your company will have 5 minutes to set up your system, 15 minutes to complete the tasks, and 5
minutes to demobilize your equipment and exit the product demonstration station. During the 5-
minute set-up, you may reassemble your vehicle after the weigh-in and place it in the water for testing
and/or trimming purposes. The 15-minute demonstration period will begin after the full 5 minutes of
set up time expires, regardless of whether the company is ready to start the product demonstration. It
may begin sooner if your CEO notifies the product demonstration station judges that your company is
ready to begin.

At any time during the demonstration, you may pilot your ROV to the surface and remove the vehicle
from the water for such things as buoyancy adjustments, payload changes, and troubleshooting, but the
15-minute product demonstration clock will only stop if a judge determines it is necessary for reasons
beyond your control. Otherwise, the clock will only stop after all of the tasks are successfully completed,
the ROV has been piloted into the “resident ROV” docking station under its own power. Your ROV is not
required to return to the surface between tasks.

Your 5-minute demobilization will begin as soon as the 15-minute demonstration time ends, regardless
of where your ROV is located (i.e., still at depth, on the surface, etc.).

Regional competitions may alter the set-up, product demonstration time, or demobilization time.
Contact your regional coordinator or visit your regional contest’s website to verify the timing of your
product demonstrations.

TIME BONUS
Companies will receive a time bonus for each product demonstration if you:

1) successfully complete all the tasks,
2) successfully pilot your ROV into the “resident ROV” docking station

Companies will receive 1 point for every minute and 0.01 point for every second under 15 minutes
remaining.
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The global ocean community is invited to plan for the next ten years in ocean science and technology to
deliver, together, the ocean we need for the future we want!
— United Nations Decade of Ocean Science for Sustainable Development

The MATE ROV Competition has accepted this invitation and is challenging its global community of
learners to come together to innovate, create, and develop solutions to the problems that impact us all.

The United Nations proclaimed a Decade of Ocean Science for Sustainable Development (2021-2030) to
support efforts to reverse the cycle of decline in ocean health and to gather the global community
behind a common goal: creating improved conditions for sustainable use and development of our world
ocean.

The ocean is the largest component of our planet’s ecosystem; it stabilizes climate and supports life on
Earth and human well-being. However, the First World Ocean Assessment report released in 2016
found that much of the ocean is now seriously degraded, with changes and losses in the structure,
function, and benefits from ocean systems.

Understanding how the ocean responds to pressures and taking action to improve management
practices is critical for sustainable use and development of this precious resource. Ocean observations
and research are critical to predicting the consequences of change, designing ways to mitigate these
consequences, and guiding communities to embrace and adapt these practices for the good of us all.

It’s no secret that one of the biggest threats the world ocean faces is the impact of climate change.
Marine habitats and wildlife are already suffering the consequences of rising sea temperatures and
acidification, as are the coastal communities that depend on them. The impact of multiple pressures on
the ocean is projected to increase as the human population grows towards the expected 9 billion by
2050. Without aggressive action to reduce carbon emissions over the next decade, the damage to our
oceans and our planet has the potential to be horrific.

Marine renewable energies (MREs), such as offshore wind farms, tidal turbines, wave energy converters,
and floating solar panels, play a key role in mitigating the effects of climate change and paving the
pathway to a sustainable future. MREs provide a significant contribution to the production of low-
carbon renewable energy around the world and are an important ally in the fight against climate
change. Another ally is Blue Carbon, which is the carbon stored in coastal and marine ecosystems, such
as mangroves and seagrasses, the latter of which can absorb and store carbon 35 times more efficiently
than rainforests. Aquaculture, the breeding, rearing, and harvesting of fish, shellfish, algae, and other
organisms in all types of water environments, is also an ally in the quest for a sustainable future on our
ocean planet. Itis the fastest growing food supply sector in the world and is and will continue to be
needed to feed an ever-growing human population.

This MATE ROV Competition season the “client” is once again us — our global community — and each task
area included within the request for proposals (RFP) aligns with one or more the 17 UN Sustainable

Development Goals that, while not specific to the Decade of the Ocean, offer a blueprint to achieve a
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better and more sustainable future for all. Each task also embraces ESG — the environmental, social, and
governance factors that more and more companies and organizations are taking into consideration
when making business and management decisions.

Joined by partners Ocean Infinity, Reach The World, and the National Science Foundation-funded GO-
BGC Project, among others, the MATE ROV Competition is challenging its community to design and build
a remotely operated vehicle and the necessary sensors and tooling to support work to combat climate
change, provide clean energy, feed our growing global population, monitor ocean health, preserve our
maritime history, and “deliver, together, the ocean we need for the future we want!”

REQUEST FOR PROPOSALS (RFP)

1. General

a. Marine Renewable Energy

UN Sustainable Development Goals:

#7 Affordable and Clean Energy

#12 Responsible Consumption and Production

Offshore wind farms are one example of marine renewable energy platforms that are playing a key role
in combating climate change and placing us on a pathway to a sustainable future. Offshore wind speeds
tend to be faster than on land, so small increases in wind speed yield large increases in energy
production. Put simply, faster wind speeds offshore mean much more energy can be generated
compared to land-based systems. Offshore wind speeds also tend to be steadier than on land; a
steadier supply of wind means a more reliable source of energy. For those reasons and more, offshore
wind power is poised to become an important contributor to the ocean economy and job creation; in
2016, the Organisation for Economic Co-operation and Development (OECD) predicted that offshore
wind power will grow to 8% of ocean economy by 2030 and that its industry will employ 435,000 people.
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Types of Offshore Wind Turbines

0 to 60 meters depth Above 60 meters depth
f 1 [ f R
Monopil ‘;:;.;d Tension Leg Spar Buoy sub:;“rls-lble
jonopile Platform

= There are two types of offshore wind turbines: (1) fixed bottom (used for waters of
0-60 m depth) and (2) floating (used in waters greater than 60 m depth).

Offshore Wind Farms and the Morro Bay Project

ROVs play a role in the installation and maintenance of offshore wind turbines

Ocean Infinity supports the installation and maintenance of marine renewable energy systems, including
floating and fixed offshore wind turbines. The company is equipping its Armada fleet of uncrewed
robotic surface vessels with the capability to operate other underwater technologies, such as ROVs,
from these platforms. While the vessels are controlled remotely, there is room for a “lean” crew to
travel with the ROV to conduct inspections and routine maintenance of offshore wind farms and their
impact on the surrounding environment. Conducting inspections and maintenance includes repairing
damaged cables and buoyancy modules as well as removing nets or other artifacts that become caught
on the subsurface structure. As responsible ocean stewards, monitoring the environmental impact
includes deploying instrumentation and sensors, such as hydrophones to detect the presence and
proximity of marine mammals.

O OCEAN INFINITY®
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The goal is to eventually provide a resident ROV that “lives” on the farm and is preprogrammed to do
inspections, maintenance, and monitoring at given time intervals. Until that capability is developed,
operators will continue to pilot ROVs to complete these tasks as well as to test out the ability of the ROV
to “park” itself in a docking station.

Floating wind turbine

Offshore substation Onshore
substation

Buoyancy - Dynamic section

/a\ Gas /

Inter-array cable Export cable

Joint Static section

Electrical system of a floating offshore wind farm

b. Offshore Aquaculture and Blue Carbon
UN Sustainable Development Goals:
#2 Zero Hunger
#13 Climate Actions
#14 Life Below Water

Aquaculture is and will continue to contribute substantially to global food supplies, which is critical for
“food security” for our ever-growing global population. Aquaculture also supports people and
communities by providing business opportunities and decent jobs. Aquaculture production is forecasted
to grow to between 102-105 million tons by 2027, according to OECD and Food and Agriculture
Organization of the United Nation outlooks. To keep up with demand, more and more aquaculture
production is moving offshore. Good water quality, steady ocean currents, and low variance in
temperature gives optimal growing conditions, reduces the probability of diseases and parasite
infestations, and improves fish health.
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Al
Aquaculture ROV | Top 3 Uses for the Aquaculture Industry

Aquaculture companies like Forever Oceans use ROVs like the BlueROV2 to inspect offshore aquaculture
pens and maintain a healthy environment for both fish and the surrounding ocean community. Similar
to offshore wind farms, the goal is to eventually “park” an ROV within the pen and preprogram it to
carry out inspections and maintenance. However, until that time, operators are needed to perform
these tasks, which include inspecting the nets for structural integrity, making repairs, and removing fish
mortalities (aka “morts”).

A BlueROV2 removing “morts”

In addition to marine renewables, Ocean Infinity supports Blue Carbon initiatives like Project Seagrass.
Project Seagrass restores and cultivates seagrass beds, which are extremely effective at absorbing and
storing CO,. Global estimates suggest that an area of seagrass approximately the same size as two
soccer fields is lost every hour. Protecting what is left is vital, not only because of seagrasses’ role in
carbon sequestration, but also because thousands of species, such as manatees, sea turtles, shellfish,
and seahorses, rely on seagrass beds for food and habitat. Project Seagrass is currently looking for a
mechanism that can both “plant” new and prune existing seagrass beds; pruning keeps the grasses
healthy and promotes growth.
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https://www.nbcnews.com/news/animal-news/florida-manatees-dying-record-numbers-amid-food-scarcity-n1282398
https://www.projectseagrass.org/
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s of carbon — and provide food for endangered species

Seagrasses absorb and store large amoun

c. Antarctica Then and Now — Endurance 22 and MATE Floats!
UN Sustainable Development Goal:
#13 Climate Action

Nowhere is the effect of climate change more evident that at the poles; images of diminishing ice
sheets, starving polar bears, thin-shelled mollusks illustrate the catastrophic impact that warming
temperatures and increased CO; are having on these regions. In the Southern Ocean, scientists have
discovered that global warming is affecting the Antarctic Circumpolar Current, by far the largest ocean
current in the world, in complex ways and that these affects could complicate the ability to fight climate
change in the future.

Antarctica is, effectively, melting from the bottom up, as evidenced by holes the size of South Carolina
(or larger) that scientists have observed in the sea ice. A slew of environmental factors must come
together at the same time for these “super colossal holes” to open up; the ocean under the ice gets
mixed up and, ultimately, this mixing transports relatively warmer water up to the surface where it
melts a hole in the floating ice. The gaping holes form rapidly, without notice.
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A polynya as viewed from space

w GO-BGC

Global Ocean Biogeochemistry Array

The goal of the National Science Foundation (NSF)-funded GO-BGC Project is to build a global network of
chemical and biological sensors that will monitor circulation, chemistry, biology, and overall ocean
health. Scientists, engineers, and technicians are using NSF grant funds to build and deploy 500 robotic
ocean-monitoring floats around the globe, including in Antarctic waters, where they hope to learn more
about changing ocean conditions’ impact on the Antarctic Circumpolar Current and the formation of
polynyas.

2022 EXPLORER CLASS 15


https://mashable.com/article/antarctica-holes-ice-polynya-explained
https://www.go-bgc.org/
https://www.go-bgc.org/

Launching a float in the Southern Ocean

Reach The World is part of an expedition to find the Endurance, Sir Ernest Shackleton’s ship which was
crushed by sea ice and sank in the Weddell Sea in November 1915. Organized and funded by the
Falklands Maritime Heritage Trust, Endurance22 is scheduled to set sail in February 2022. While the
coordinates where the ship sank were documented, the challenge lies in accessing the wreck. The
expedition will use an icebreaker to get close to the location; if they can’t reach the site itself, they will
set up a camp on the moving pack ice. The plan is drill holes in the ice through which operators will
deploy an ROV, flying transects until they find the ship.

@REACH THE WORLD

Bringing the World into Classrooms

ENDURANCE22

The hunt for Shackleton'’s lost ice ship

While the goal of Shackleton’s expedition had little to do with monitoring the impacts of climate change,
it did pave the way for future expeditions and research to explore and understand the Southern Ocean
and its role in ocean circulation, heat exchange, chemistry, and health.
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The Endurance, a few months before it sank in the Weddell Sea on October 27, 1915

THIS IS WHERE YOUR MISSION BEGINS.

d. Mission Scope and Purpose
This and the following sections contain the technical specifications and requirements for
ROV services needed to support the UN Decade of the Ocean: MATE Inspires ESG. In 2022,
ROV services include:

1) TASK 1: Marine Renewable Energy
UN Sustainable Development Goals:
#7 Affordable and Clean Energy
#12 Responsible Consumption and Production
e Replace a damaged section of an inter-array cable
e Replace a damaged buoyancy module on an inter-array cable of a floating offshore wind
turbine
o Deploy a hydrophone to detect and record the presence of marine mammals
e Remove a ghost net caught on the wind turbine’s substructure
e Pilot into a “resident ROV” docking station
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2) TASK 2: Offshore Aquaculture and Blue Carbon
UN Sustainable Development Goals:
#2 Zero Hunger
#13 Climate Action
#14 Life Below Water
e Inspect an offshore aquaculture fish pen
e Repair the damaged area
e Remove marine growth
e Manage mortality by removing morts from the fish pen
e Determine the average size and biomass of the fish cohort
e Farm seagrass

3) TASK 3: Antarctica Then and Now — Endurance 22 and MATE Floats!
UN Sustainable Development Goal:
#13 Climate Action
e Recover a GO-BGC float to conduct diagnostics
e Design and construct an operational vertical profiling float
e Find and map the location of the Endurance
e Create a photomosaic of the wreck
e Measure the length of the of the wreck

2. Specifications

See the specific tasks described below as well as the VEHICLE DESIGN & BUILDING SPECIFICATIONS
and PART 4: COMPETITION RULES sections.

3. Maintenance and Technical Support
The company shall warrant the ROV and associated systems and equipment for at least the duration
of the product demonstrations. Repair or replacement shall be at the company’s expense, including
the cost of shipping the ROV to and from the competition facility.

During regional events, the company shall provide at least one day of technical support to resolve
hardware, software, and operational issues. They shall provide at least three days of the same for
the World Championship event.

4. Shipping and Storage
Refer to Shipping Information for specifics on shipping to the MATE World Championship site.

Delivery of the ROV and associated systems and equipment shall be no later than the date of the
geographically closest regional contest or by the first day of the MATE World Championship (date
coming soon).
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5. Evaluation Criteria

Technical documentation
Engineering presentation
Marketing display
Company spec sheet
Product demonstration
Safety

SO0 o0 T o

6. References

a. GENERAL
e United Nations Decade of Ocean Science for Sustainable Development

e 17 UN Sustainable Development Goals

e A Hotter Future Is Certain, Climate Panel Warns. But How Hot Is Up to Us.
e ESG (environmental, social and governance)

e Ocean energy: An important ally in the fight against climate change

e Marine Renewable Energy

e The Blue Carbon Initiative

e What is aquaculture?
e Value and importance of aquaculture

b. TASK 1: Marine Renewable Energy

e Sea Technology August 2021

e What are the advantages and disadvantages of offshore wind farms?

e The Technology of Offshore Wind Power and the Morro Bay Wind Farm

e A metaheuristic optimization model for the inter-array layout planning of floating offshore wind
farms - ScienceDirect
e The world’s first offshore diver less remote hyperbaric tie in operation

¢. TASK 2: Offshore Aquaculture and Blue Carbon

e |t's about fish, and so much more: Offshore Aquaculture

e Aguaculture ROVs in The Fish Farming Industry

e Aquaculture Cage Net Inspection with Autonomous ROV Navigation

e Net Patch Tool Demonstration | Aquaculture

e Al Applied to Aquaculture Aims for Improved Efficiency, Healthier Fish

e Nonintrusive methods for biomass estimation in aquaculture with emphasis on fish

d. TASK 3: Antarctica Then and Now — Endurance22 and MATE Floats!
e Rising From the Antarctic, a Climate Alarm

e Super colossal holes in Antarctic ice demystified by scientists
e GO-BGC | Global Ocean Biogeochemistry Array
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https://en.unesco.org/ocean-decade
https://www.un.org/sustainabledevelopment/sustainable-development-goals/
https://www.nytimes.com/2021/08/09/climate/climate-change-report-ipcc-un.html?campaign_id=9&emc=edit_nn_20211022&instance_id=43489&nl=the-morning&regi_id=77335272&segment_id=72340&te=1&user_id=ef7c8beb21a16aa57bf0cdfdaa46c7e8
https://esg.org/
https://ocean.economist.com/innovation/articles/ocean-energy-an-important-ally-in-the-fight-against-climate-change
https://www.sciencedirect.com/topics/engineering/marine-renewable-energy
https://www.thebluecarboninitiative.org/
https://oceanservice.noaa.gov/facts/aquaculture.html
https://www.seafish.org/insight-and-research/aquaculture-research-and-insight/value-and-importance-of-aquaculture/
https://lsc-pagepro.mydigitalpublication.com/publication/?m=60787&i=716974&p=12&ver=html5
https://www.americangeosciences.org/critical-issues/faq/what-are-advantages-and-disadvantages-offshore-wind-farms
https://www.youtube.com/watch?v=xyBR5qjv6vA
https://www.sciencedirect.com/science/article/pii/S0142061521003677
https://www.sciencedirect.com/science/article/pii/S0142061521003677
https://www.youtube.com/watch?v=aEVGg5Uuq_8
https://www.dnv.com/focus-areas/offshore-aquaculture/index.html
https://www.deeptrekker.com/news/top-3-uses-aquaculture-rov
https://www.hydro-international.com/content/news/aquaculture-cage-net-inspection-with-autonomous-rov-navigation
https://www.youtube.com/watch?v=KxYvqQppVZo
https://www.aitrends.com/ai-and-business-strategy/ai-applied-to-aquaculture-aims-for-improved-efficiency-healthier-fish/
https://onlinelibrary.wiley.com/doi/full/10.1111/raq.12388
https://www.nytimes.com/interactive/2021/12/13/climate/antarctic-climate-change.html?campaign_id=9&emc=edit_nn_20211214&instance_id=47747&nl=the-morning&regi_id=77335272&segment_id=76920&te=1&user_id=ef7c8beb21a16aa57bf0cdfdaa46c7e8
https://mashable.com/article/antarctica-holes-ice-polynya-explained
https://www.go-bgc.org/

e 2021 MATE Floats! | MATE ROV Competition Website
e FEndurance22

IMPORTANT NOTE: Questions about production demonstrations and design and building
specifications must be posted to the competition FAQs board located at
http://forums.marinetech2.org/index.php. This allows all companies to see the questions and
answers and helps to avoid duplicate questions. That said, please make sure that your question(s) has
not already been asked — and answered — before posting. It is up to the companies to read,
comprehend, and comply with ALL rulings posted on the FAQ board.

WEIGHT RESTRICTIONS

NEW FOR 2022!!! No Size Measurement

In light of some of the environments in which the ROVs will be operating, an ROV weight requirement
has been included in the request for proposals (RFP). Lighter vehicles will be given special consideration
and vehicles above a certain weight will not be considered. Size of the ROV will be limited by a 1-meter
square hole in the ice which ROVs must launch through and a 1 cubic meter docking station the ROV
must pilot into.

All weight measurements will include the vehicle, all tools and components and the tether. The
following will NOT be included in the weight measurement:

e The topside control system and 1 meter of tether going into the control system
e The vertical profiling float
e Anyindependent sensors if removable from the ROV

Vehicles will be weighed in the on-deck circle 15 to 20 minutes prior to the company’s product
demonstration run. Note that the vehicle will be weighed before EACH product demonstration run. The
weight bonus, if any, will be added to each product demonstration score.

Weight measurements will be conducted using a digital scale. In addition, companies must be able to
personally transport the vehicle and associated equipment to the product demonstration station and to

the engineering presentation room. ROV systems must be capable of being safely hand launched.

Competition officials will use the following chart to award points for weight:

Weight (in air)
<20 kg +10 points
20.01 kg to 28 kg +5 points
28.01 kg to 35 kg +0 points

Vehicles greater than 35 kg in weight will not be allowed to compete in the product demonstration.

Weight Protocol

Only the six designated product demonstration company members will be allowed into the on-deck
circle during and after the weigh in. Once a company’s vehicle has been weighed, it must remain there
until the company moves to its product demonstration station. Companies that detach equipment from
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the vehicle may not re-install that equipment until the 5-minute set up period. At that time, companies
may replace any items that were detached for the measurement, but no new equipment (i.e.,
equipment that was not included in the weight measurements) may be added to the vehicle. Ifitis
discovered that a company added equipment that was not included in the measurements, the company
will not be permitted to compete in that product demonstration run.

Videos showing simulated weight measurements are posted here.

PRODUCT DEMONSTRATION

NOTE for 2022!!!

At the start of the 15-minute product demonstration period, companies must launch their vehicle
through a simulated 1-meter square hole in the ice at the surface, side of the pool. The hole in ice will
be constructed from ¥-inch PVC pipe. Companies are not required to return to the surface through the
hole in the ice. Only those product demonstration items being returned for Task 3: Antarctica Then and
Now, must be returned through the hole in the ice.

TASK 1: Marine Renewable Energy
UN Sustainable Development Goals:
o }#7 Affordable and Clean Energy
e #12 Responsible Consumption and Production

This task involves the following steps:
1.1 Replacing a damaged section of an inter-array power cable
o Conducting a visual inspection of the cable — 5 points
Cutting the cable on both sides of the damaged section — 10 points
Removing the damaged section of cable — 5 points
Installing a new section of cable — 10 points

O O O O

Securing the new section of cable in place with wet-mateable connectors — 5
points each, 10 points total
1.2 Replacing a damaged buoyancy module on an inter-array cable of a floating offshore wind
turbine
o Removing the failed buoyancy module
= Releasing the clamp — 5 points
=  Recovering the failed buoyancy module — 5 points
o Attaching a new buoyancy module
= Attaching the new buoyancy module — 5 points
=  Securing the clamp -5 points
1.3 Monitor the environment
o Deploying a hydrophone to detect and record the presence of marine mammals
= Deploying the hydrophone in a designated area — 5 points
= Recovering the hydrophone to evaluate data — 5 points
o Removing a ghost net caught on the wind turbine’s substructure
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=  Pulling a pin — 10 points
= Removing the ghost net from the water — 5 points
1.4 Piloting into “resident ROV” docking station
o Autonomous docking — 15 points
o Manually docking — 5 points

Total points = 100 points

Product Demonstration Notes:

Companies must complete the steps of Task 1.1: Replacing a damaged section of an inter-array power
cable in order. Companies may not skip any steps of this task. Companies must do Task 1.4 Pilot into
“resident ROV” docking station as the final task. Once companies have completed Task 1.4, the
production demonstration time ends, and no other points may be scored.

Task 1.1 Replacing a damaged section of an inter-array power cable

The steps of this task must be done in order. Companies cannot proceed to the next step until they
have successfully completed the previous step. Companies must first complete a visual inspection of the
cable to identify damage. The cable will be simulated by three 75 cm lengths of %-inch pipe held at least
30 cm above the bottom of the pool in cradles created from 1 %-inch PVC tees cut in half lengthwise.
The ends of each section of cable will have a 1-inch end cap covered with Velcro hooks, which will help
to secure the simulated wet-mateable connectors of the new section of cable in place. Damage will be
simulated by a spot of brown paint, at least 1.5 cm in diameter. There will only be one damaged spot on
the cable, but it may be located on the underside of the cable. The damaged spot will not be hidden by
a cradle. Companies will receive 5 points when they successfully identify the damaged section of cable.
Successfully identifying the damaged section of cable is defined as showing the station judge the brown
painted spot on a video monitor.

Once the damaged section has been identified, companies must simulate cutting both sides of the cable
by pulling pins. Companies will receive 5 points for successfully pulling each pin, 10 points total.
Successfully pulling the pins is defined as a pin no longer in contact with the %-inch pipe of the cable.
The pins are not considered debris and may be left in the pool at the end of product demonstration
time.

Once the damaged section of cable has been successfully cut, companies must return the damaged
length of cable to the surface. Companies may return the section of cable to the surface by any method,
including attaching a line to the section of cable and pulling the cable (but not the ROV) to the surface
by hand. Companies will receive 5 points when the damaged section of pipe is successfully returned to
the surface. Successfully returning the damaged section of pipe to the surface is defined as the damage
section removed from the water and placed on the pool deck.

The section of cable will weigh less than 10 Newtons in water.

Once the damaged section of the cable has been removed from the pool, a new section of cable must be
installed. The new section of cable will be available on the surface, side of the pool. The new section of
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cable will be simulated by a 73 cm length of %-inch PVC pipe with two wet-mateable connectors slid
over each end of the pipe, one on each side. The wet-mateable connectors will be simulated by 1-inch x
1 inch x ¥%-inch tees that have Velcro loops on the inside edge. Additional Velcro loops, 7 cm wide, will
be located 8 cm from both ends of the 73 cm length of pipe. The Velcro loops around the pipe will
provide friction with the Velcro loops inside the wet-mateable connectors to keep the connectors from
sliding off during transport. Two additional wet-mateable connectors will be available on the surface,
side of the pool in case a wet-mateable connector does slide off during transport.

Companies will receive 10 points when they successfully install this new section of cable. Successfully
installing this new section of cable is defined as the ¥-inch length of PVC pipe positioned in both cradles
that once held the damaged section of cable. The ends of the pipe must be within the 75 cm gap
between the sections of cable that remain on the bottom, and the wet-mateable connectors must be
over each end of the pipe.

Once the new section of cable has been successfully installed, companies must secure the new section
of cable in place by connecting the wet-mateable connectors to the ends of the old cable. The 1-inch
tees simulating the wet-mateable connectors will slide over the %-inch PVC pipe of the new cable and
the Velcro loops on each end of the tee will attach to the Velcro hooks on the 1-inch end caps of the old
sections of cable to secure it in place. Companies will receive 5 points each, 10 points total when the
new section of cable is secured in place with wet-mateable connectors. Successfully securing the new
cable in place is defined as the Velcro loops of the wet-mateable connector tees secured to the Velcro
hooks on the end caps on the old section.

Task 1.2 Replacing a damaged buoyancy module on an inter-array cable of a floating offshore wind
turbine

Companies must replace a failed buoyancy module attached to an inter-array cable and replace it with a
new buoyancy module. The inter-array cable will be simulated by a length of }%:-inch PVC pipe painted
blue and held at least 30 cm above the bottom of the pool by a length of %-inch PVC pipe. This section
of the inter-array cable will be an extension of the inter-array cable from Task 1.1. Both the failed
buoyancy module and the new buoyancy module will be simulated by 2-inch tees with an opening cut
lengthwise, which is connected by Velcro to a length of foam flotation.

Companies must remove the failed buoyancy module from around the cable by releasing a clamp.
Releasing the clamp will be simulated by rotating the module 180°. A short handle will be attached to
the middle opening of the 2-inch tee. At the start of the product demonstration, it will be pointed down.
Companies must rotate the handle until it is pointed upwards, which will release the damaged buoyancy
module from the cable. Companies will receive 5 points for successfully releasing the clamp and
removing the failed buoyancy module from the cable. Successfully releasing the clamp and removing
the failed buoyancy module is defined as the no part of the buoyancy module in contact with the %-inch
PVC pipe of the cable.

The buoyancy module will be positively buoyant in water.
The buoyancy module will have less than 5 Newtons of buoyant force in water.
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Once the failed buoyancy module has been removed from the cable, it must be recovered. Companies
will receive 5 points for successfully recovering the failed buoyancy module. Successfully recovering the
failed buoyancy module is defined as the ROV returning the buoyancy module to the surface, side of the
pool and the failed buoyancy module being placed on the pool deck.

Companies must also attach a new buoyancy module to the cable. An 8 cm x 1 cm length of Velcro
hooks will be located on the underside of the cable section painted blue. A new buoyancy module will
be on the surface, side of the pool. The new buoyancy module will have an 8 cm x 1 cm length of Velcro
loops on the inside edge of the foam flotation. Companies must attach the new module to the pipe and
secure the clamp by connecting the Velcro loops on the module to the Velcro hooks on the bottom of
the pipe. Companies will receive 5 points when the buoyancy module is successfully attached to the
cable. Successfully attaching the module to the cable is defined as the foam flotation inside the 2-inch
tee completely around the Y-inch pipe of the cable. Companies will receive 5 additional points when
they successfully secure the clamp. Successfully securing the clamp is defined as the Velcro loops of the
new buoyancy module connected to the Velcro hooks on the underside of the %-inch PVC pipe. The new
buoyancy module must also stay in place on the PVC pipe once it has been released by the ROV.

Task 1.3 Monitoring the environment

Companies must deploy a hydrophone into a designated area on the bottom of the pool. The
hydrophone will be simulated by a 20 cm length of %-inch PVC pipe. The hydrophone will be attached to
both a buoyancy module constructed from 2-inch PVC pipe and a weighted base constructed from %-
inch PVC pipe by lengths of rope. The designated area will be a 40 cm x 40 cm square painted orange.
Companies will receive 5 points when they successfully place the hydrophone within the designated
area. Successfully placing the hydrophone within the designated area is defined as the weight of the
hydrophone completely within the designated area. The weight may not be on top of any portion of the
%-inch PVC pipe of the designated area.

The hydrophone must be recovered after being deployed at the designated area for 5 minutes. When
companies successfully deploy the hydrophone, the station judge will note the time on the side of the
company product demonstration score sheet. Companies may only recover the hydrophone after 5
minutes of water time. Companies will receive 5 points when they successfully recover the hydrophone.
Successfully recovering the hydrophone is defined as the hydrophone deployed in the water for 5
minutes, after which time it is returned to the surface side of the pool and placed on the pool deck.

The hydrophone will weigh less than 5 Newtons in water.

Companies must remove a ghost net from the wind turbine’s substructure. The net will be constructed
from %-inch PVC pipe and decorative cloth netting will be attached to the framework with cable ties.
The net will be positively buoyant and secured by a rope to a weighted part of the inter-array cable.
Companies must pull a pin to simulate cutting the rope and releasing the net from the weight on the
bottom. Companies will receive 10 points when they successfully pull the pin. Successfully pulling the
pin is defined as the pin no longer in contact with the PVC pipe or netting of the ghost net. After pulling
the pin, companies may leave it on the bottom or return it to the surface. The pin is not considered
debris.
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Once companies have pulled the pin, they must return the ghost net to the surface, side of the pool.
Companies will receive 5 points when they successfully remove the ghost net from the water.
Successfully removing the ghost net is defined as the PVC pipe and netting completely out of the water
and placed on the pool deck. Neither the pin nor the rope holding the net need to be removed from the
pool.

The ghost net will have less than 5 Newtons of buoyant force in water.

Task 1.4 Piloting into “resident ROV” docking station

At the end of the product demonstration run, instead of returning to the surface, side of the pool
companies must pilot their ROV into a “resident ROV” docking station. The docking station will be 1
meter cubed and constructed from %-inch PVC pipe. As their final product demonstration task,
companies must maneuver their vehicle into this docking station. After entering the docking station, the
product demonstration time ends and companies can no longer attempt tasks or receive points.
Companies that need to return items to the surface, side of the pool should do so before docking.

Companies may choose to pilot into the “resident ROV” docking station autonomously or manually.

Companies that choose to pilot into the station autonomously are tasked with creating software that
will allow their vehicle to autonomously enter the docking station. Companies will receive 15 points
when they successfully pilot autonomously into the docking station. Successfully piloting autonomously
into the docking station is defined as the ROV positioned completely outside of the docking station, the
company going hands free from the controls, and the ROV moving on its own so that the entire ROV is
completely inside the docking station.

Companies may choose to pilot into the docking station manually. Companies will receive 5 points when
they successfully dock manually in the station. Successfully docking manually in the station is defined as
the ROV under control of the pilot moving until the entire ROV completely inside the docking station.

ADDITIONAL CHALLENGE FOR COMPANIES ADVANCING TO THE WORLD CHAMPIONSHIP!!!

Companies advancing to the World Championship will be challenged to pilot their ROVs to push a button
at the back of the docking station. Pushing this button will illuminate an LED on the surface to indicate
the ROV has successfully docked in the station. The button will be in the center of the back wall of the
docking station, at least 30 cm from the bottom and 50 cm from each side wall of the docking station.
The button will be simulated by a length of %-inch PVC pipe with an end cap on one end inserted into a
3/4-inch by ¥-inch tee. The end cap will be painted red. Pushing on the %-inch end cap will move a
magnet within range of a magnetic reed switch, which is connected to a power source and LED on the
surface. At the World Championship, successfully docking in the station is defined as the entire ROV
completely inside the docking station and the LED illuminated at the surface control station. Companies
choosing to autonomously pilot into the control station must have the ROV push this button without any
input from the pilots.
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Regional competitions may offer to the opportunity to illuminate an LED at the surface station.
EXPLORER class companies participating in a regional competition should contact their regional
coordinator or visit their regional contest’s website to determine if this challenge will be offered at your
regional.

TASK 2: Offshore Aquaculture and Blue Carbon
UN Sustainable Development Goals:

e #2 Zero Hunger

e #13 Climate Action

o #1