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EU (2018) NET ZERO USE OF CARBC
by 2050

OTo achieve t hi s22% awmuallg®wath rate:
of offshore wind I s
(High Level Panel for a Sustainable Ocean Economy,

Europe X0 Gdf floating wind above 60 m depth
(James and Ross, 2015)



Further Offshore & Floating Wind Are Ke

High Level Panel for a Sustainable Ocean Economy (2019)

Wind power
Increases as a cube
of wind speed. |
Doubling of the
wind speed
provides an 8X
Increase in wind
power
(28=2x2x2=8
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SI emens ames a MW @
1 MW = ~1000 homes
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Connecticut
825,000 MWh/year by 2025

E

New Jersey '
500 MW by 2050

Emplire Winc

1,600 MW by June 2027

\. 80 MW
L Skipjack

Maine
5,000 MW by 2030

Aqua Ventus |
A 12 MW

Massachusetts

epwater ONE
100 MW

Blockiisland
Wind Farm-
30 A

Vineyard Wind

South Fork
90 MW 800 MW

Bay State Wind
US Wind Inc.
/.2’230 nd 1 2.000 MW
Ocean Wvbnd
1.950 M

garden State Offshore Energy

120 MW

- US Wind Inc.
248 MW

Coastal Virginia
Offshore Wind

12 MW

VAN




DoE 2021 Offshore Wind Ma

30 GW by 2030 10 million

States want ~40 MW offshore wind b




EU (2018) ZERO carbon enetgyif of Maine ZERC
by 2050 by 2045

OTo achieve this 156 ¢awdlabla s
scaling up42% annual growth

rates) of offshore wind is needed. “USt 370 of this yields

(HLPSE, 2019) carbon neutrality
Europe HE¥0 G floating Requires $2
wind above 60 m depth Would produce 10,000 jok

(James and Ross, 2015) (MEAIB, 2022)



The German environmental protection agency
commissioned an LCA study of the electricity
generation from wind turbines in Germany.

Results showed that the primary energy use@ €Qeaq./kWh electricity fed into

over the life cycle of the systems can be the German grid
recovered as generated wind electrieityer -
Six months to one year of system operations Offshore 5.410 11.8
Onshore 6.1 to 15.

The offshore wind farms achieved the lowest
CQO, emissions due to their higher amounts of
full load hours.
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PESTENatrIX (Oxford College of Marketing, 2016)
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DoE 2021 Offshore Wind Ma

30 GW by 2030 10 million

States want ~40 MW offshore wind b

$12 billion/year over next 10




Germany, Denmark, Netherlands, Belgium

150 GW.,Euro 135 hillion, >200 million homes
Y, of EU Euro 800 billion)

) S



PESTENatrIX (Oxford College of Marketing, 2016)
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Bridger, C.J. & B.A. Costa-Pierce. 2003.
Open Ocean Aquaculture: From Research to Commercial Reality
World Aquaculture Society, Baton Rouge, LA.
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Bela H. Buck - Richard Langari

~20YEARS BV IRINIIG

Perspective of
Multi-Use Sites in
the Open Ocean

The Untapped Potential for
Marine Resources in the Anthropocene

@ Springer();wn
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J Fisheries Enhancement

Biodiversity
Enhancemen




Fisheries Enhancement

Biodiversity
Enhancement



Source: Alleway et al. 201



ecosystem
and

associated

functions

Prior to
agricultural
Intervention




Agroecology
What was added? What was added?

What was removed? What was removed?







Provisioning Services are ecosystem services that
describe the material or energy outputs from ecosystems.
They include food, water and other resources.

Regulating Services are the services that ecosystems
provide by acting as regulators eg. regulating the quality
of air and soil or by providing flood and disease control.

Habitat and Supporting Services allow the Earth to
sustain basic life forms and whole ecosystems and
people. Without supporting services, provisional,
regulating, and cultural services cannot exist.

Cultural Services are a non-material benefits that
contribute to the development and cultural
advancement of people, including how ecosystems
play a role in local, national, and global cultures; the
building of knowledge and the spreading of ideas;
creativity born from interactions with nature (music,
art, architecture); and recreation.

SourceAllewayet al. 2018



Natural Ecosystem Managed Ecosystem
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Wicked Problems with No Tame Solutions

SCENARIO PLANNING
PESTELMatrix

Production —~
EcologicalHealth

Social Influences === Technological Influences

Economics
Legal



Scenario Planning
I

(1) Energy operations Removal of fouling  Separate?
maintains structural
integrity and
produces new ocean
foods

(2) Most operations offshoréshort Electriccharging Integrated?
sea shipping,i$hing aquaculture) stations offshore add

income to fisheries

and energy

companies

(3) Fishing & Aquaculture



Monopiles\/

Jackets







Scenario Planning

Opportunity Business Structures

(2) Most operations offshore Electriccharging Integrated?

(shipping, isheriesaquaculture)  stations add income
to fisheries and

energy companies







Three California companies
harvested mussels from the
California oil platforms

ARECOMARO

*Qbtained all regulatory approvals
for human consumption and
harvested$50-75,000 of shellfish per
platform every 16-20 months

Between1 99297/, mussel production
rose in California from-85 MT to
~214 MT with most production
coming from the southern

California oil platform harvests



Scenario Planning

Opportunity Win Win Business Structures

Energy operations Removal of fouling  Separate?
maintains structural
integrity and
produces new ocean
foods




The Offshore Grid
Short sea shipping DO we

really need
all cables to
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Norwegian Prime Minister Erna Solberg christens theEvoy 1

100 kWh Dbattery pack power i2mkgotsa

Lithium Titanium Oxide (LTO) batteries designed for frequent, fast charges
-International: Battery Research from Xalt Enefgychigan. Hull from Helgeland Plastjorway. Motor from
Germany. Frequency converter from ABBwitzerland andSweden



Nordbas

A hybrid trawler with an integrated power system allowing the
shipto go dieselfree for hours on renewable electricity




High coastal
population = Clogged
roads

Older vessels = Higher
emissions

North Sea Container
Line, a Norwegian
shipping line has

Introduced a totally new
concept for shortsea
shipping
https://vimeo.com/111445660



https://vimeo.com/111445660
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Scenario Planning

Opportunity Business Structures

(3) Ocean Food Systems Win o Win Vessel Innovations
Fishing/Aquaculture Fishing
Win Lose 1 77

Trawling



Fisheries Enhancement




Ocean & Coastal Management 102 (2014) 7-18

Contents lists available at ScienceDirect

Ocean & Coastal Management

journal homepage: www.elsevier.com/locate/ocecoaman

Investigating the co-existence of fisheries and offshore renewable

energy in the UK: Identification of a mitigation agenda for fishing
effort displacement

Jiska de Groot **, Maria Campbell °, Matthew Ashley ¢, Lynda Rodwell ¢

* Plymouth University, School of Geography, Earth and Environmental Sciences, Portland Square Building A503, Drake Circus, PL4 8AA, UK
® Plymouth University, School of Marine Science and Engineering, Room 614 Davy Building, Drake Circus, Plymouth PL4 8AA, UK

€ Plymouth University, Marine Institute, Marine Building, Drake Circus, Plymouth PL4 8AA, UK

d Plymouth University, School of Marine Science and Engineering, Room 123 Reynolds Building, Drake Circus, Plymouth PL4 8AA, UK

Effects of marine windfarms on the distribution of

Multiple Uses of fish, shellfish and marine mammals
offshore wind energy areas in the Horns Rev area
In the Belgian North Sea

EUROPE



Rhode Island Ocear
Special Area Management Plan

OCCANSAMP

—_— _«» VOLUME1

Adopted by the Rhode
Island Coastal Resources
Management Council
October 19, 2010




Impacts of Offshore Wind Turbines on Fish and Fisheries of
Different Gear Types: The European Experience.

Based on th&uropean experiencereview and summarize
thecurrent state of knowledge about the effects of

offshore wind farms on fish and fisheries of different

gear types This includes but not limited to turbine
construction and associated underwater noise emissions;
cable laying; various turbine foundations; and wind farm
operation. Summarize methods for mitigating the potential
Impacts of offshore wind farm construction and operation ol
fish and fisheriesSummarize European protocols for
fisheries monitoring at offshore wind farms as well as the
outcomes of such monitoring programs. Provide insight

I nt o f 1 sher wehregard tacoffsmareamind s
farms as well as the potential impacts of offshore wind farmr
on fi shermenodos |1 velil hoods




Marine habitat complexity the number of
different structural elements per unit area Is a key
driver of community composition, and a positive
determinant of biodiversity. Complexity increases th
range of niches available to species, thus increasir
the number and diversity of species in an area.

Hutchinson GEL957. Population studie€old Springdarb Symp Quant. Biol22, 415427 .
Ritchie MEQIff H. 1999. Spatial scaling laws yield a synthetic theory of biodiveksatyire 400, 557560.



Oil platforms off California are among the most
productive marine fish habitats globally

Jeremy T. Claisse®", Daniel J. Pondella II?, Milton Love®, Laurel A. Zahn?, Chelsea M. Williams?, Jonathan P. Williams?,
and Ann S. Bull®

Oil and gas platforms off the coast of California have the highest
secondary fish production per unit area of seafloor of any marine
habitat that has been studiedThe mean annual Total Productiordm
2F aSk Tt 22NXg!l aX#H(thényon naduBhiNasky te&fNJ
located at similar depths in the study region. When platforms (were)
evaluated individually, their average annual Total Production (range -
104.7%886.8 g/ntly) tended to be an order of magnitude higher than
that of fish communities in other marine ecosystems where similar
types of measurements have been made (range €@ g/ntly).



Do you think offshore
structures improve
the quality of your
offshore fishing In

Louisiana?

09% (882) Yes
1% (11) No
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Upwelling Enhancement

Y. Suenaga

© Aquabio, Inc. 2009



Using Different Modules for Different Species
or Life Stages

set

71

300m

set

C.G. Kim
© Aquabio, Inc. 2009



Global Principles
of Restorative
Aquaculture

November 2021

TheNature
Conservancy
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Project to grow corals on offshore wind turbine foundations

launched
@rsted will trial cultivating corals on the steel surfaces of four wind turbine foundatic

Image: ReCoral by @rsted




Green gravel: a novel
restoration

tool to combat kelp
forest decline

SteinFredriksenret al.
Scientific Reportg (2020)
10:3983|
https://doi.org/10.1038/s41598
020-60553x




Collect Induce Seed Incubation
fertile g spore - spores on 14 d low flow

kelps release gravel 55 d high flow
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Irish fishing representatives demand government switch to
floating wind turbines

November 9, 2022

Six lrish fisheries representatives recent
wind farm developments are now moving into their planning stages. Ireland plans to put 7 GW ¢
wind energy by 2030. AFishing vessels coul

of of fshore wind turbinesb?o

Many of vessels are involved in lomgtablished fisheries for species sucbagdlin Bay

Prawnst a valuable resource traditionally fished in the Irish Sea.
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Aquaculture
Perspective of

Multi-Use Sites in
the Open Ocean

The Untapped Potential for
Marine Resources in the Anthropocene

@ Springer Open
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Aquaculture
and Marine Protected Areas:







