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Anthesis

Areasbeyond national jurisdictio’ABNYmake upabout40 percent of the surface of our pktrand

covernearlytwai KA NRa 2F (KS ¢ 2 NdreRdn@ to anidjGelspedied ant! &cSsiisemd NS I &

that have evolved to survive extreme heaild, salinity, prssure and darknesBurthermore, these
areasNBLINBaSyid odop> 2F GKS SGFNIKQa G201t KIoAdlG oe

The legal framework for all activities in the oceans andisgaevided by The United Nations Convention
on the Law of the Sea (UNCL®Bich incluésprovisions on protection and preservation of the marine
environment It is complemented bywo implementing agreements which addresattars related to the
Area the seabed andcean floor and subsdtiereof, beyondthe limits of national jurisdiction andthe
Agreement for the Implementation of the Provisions of UNCLOS relating to the Conservation and
Management of Straddling Fish Stocks and Highly Migratory Fish &tNEKSOS, n.dlh addtion to
UNCLOS and its implementing agreements, thera auenber of other international instrumentkat

are relevant to the conservation and sustainable useafne biodiversity in areas beyond national
jurisdiction(BBN)l However, in the last decadthe questiorregardingwhether those instruments are
sufficientto protect thebiodiversity in ABNidasarisen

Therefore an intergovernmental conferendeas been established to developinplementing
agreemento UNCLO® ensure longerm conservationthe strengthening ofegulationandthe
sustanable use ofmarine resources ABNIhe geographic scope of the new BBjidement will be
ABNJ i.e. the High seas and the AtHEN, 2013)his agreement would affect the development of new
industries by increasing the costs (additional administrative and repdggigyological and operational
changes, etc), adding time and effort (planning, preparation, reportingdei®loping new stitagic
considerations and new business and commercial opportunities (new partnerships and cooperation)
(WOC, 2019)

Inthe contextof the ongoing negotiations for a nd@BNJ greement the Swedish Agency fdtarine

and WateManagementhas commissioned Anthesis to investigatssibilities fofuture exploitation of

the seain ABNithin 3050 years focusingon new industries and human activitid$e scope of the

study was to outline the activities, technologies, and sectors that have the highest potential to be utilized
in ABNJ within the defined timeframe and to discuss the findings in relation to BBNJ and gtestsgle
environmentabssessmant (SEAjequirements. The activities, technologies and sectors included in this
study arethe following:Researchhuman habitat (floating citiesgarbon capture and storage (CCS),

offshore energy (wind, solar, wave, ocean thermal energy (O0E€3hplastic harvestingnarine

genetic resourceMGR)marine biotechnology, anghariculture.

To forecast future development, each activity has been explored further to investigate the following
areas : (1) The expected growth of the sector and probabilttyeaactivity in ABNJ; (2) The
characteristics of the technology including the scale of developments; (3) The likely
performers/developers-urthemore, an analysis of the potential need #or SEAas been carried out.
The aim was to find out in what wehe SEA could be helpful in controlling the developnoéthe ABNJ
by making it more sustainable.

The results of the study include a probability and concession complexity maich shows he
probable it is thathe identified activities/industries will be developed in ABMNKin 3050 years anthe
complexity of investment seeking concession in ABMNJaim of the matrix is to create a isder an
analysison whether SEA is needed and/or recommended. Activitiastthvea high likelihoodn being
developed in the area, as wellteing a high complexity, miglexperience the greatest value fraam
SEAThose activities includdarine biotechnology, CA@ulti-tech energy fields, but aldmman habitat

1IUQN. Covering areas beyond national jurisdiction.
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Anthesis

and wind eergy. However, the fact thaBEA isurrentlyapplied mainly on governmental plans and
programmedut most of the activities researched in this study are performed by private actors or public
private partnership, highlights that the use of SEA and wheis fequired is a problem which needs to

be addressedt needs to beconsideredvhether SEA snobligaionto be performed only by states and
governments for major investments in ABNJ or also by corporations. In addition, it is important to
consider and define even if (temporary) projects would recarirSEANnd what types of project neexh
SEAe.g. how defied they are, how complicated the projects are, how{mm and how large they will

be).

Another complicad dimensionis the issue of who undertakes the SBAl it be a body or instrument
established by the BBNJ instrument that is going to hold the process and agpr®kdr should it be
done by the responsible state/s separatdiythe activity is going to be performed in the middle of the
ocean then who should be included in the peilstbnsultation proce8€should those involved be states,
representatives from other sectors or the civil so&ely addition what regulations will be applied and
whose environmental target values will be taken as a base¥alue
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List ofacronyms

ABNJ Areas Beyond National Jurisdiction

BBNJ Biodiversityin AreasBeyondNational Jurisdiction
CCs Carbon Capture and Storage

EEZ Exclusive Economic Zone

EIA Environmental Impact Assessment

MGR Marine Genetic Resources

OTEC Ocean Thermal Energy Conversion

SEA Strategic Environmental Assessment

UNCLOS The United Nations Convention on the Law of the Sea
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1 Background

MarineAreas Beyond National Jurisdiction (ABNJ
cover two types of areas:

1 The High Seas
The water columoutside of EESAEXxclusive
Economic ZongsNormal EEdoundaries are
200nm (370 kmfrom the coastHigh Seado
y2G o6Stz2y3 G2 Ftye {i:

1 The Area
The seabed anacean floor and subsaoil
thereof, beyondthe limits of national Figurel ¢ Areas Beyond National Jurisdiction (¢
jurisdiction blue) (IUNC)

ABNJ make up 40 percent of the surface of our

planet and early twothirds of theg 2 NI R QsaThedelafehsyaieome to unique species and

ecosystems that have evolved to survive extreme heat, cold, salinity, pressure and darkness.

Furthermore, these areas chliS  OK RSLIIK&a 2F 20SNI mn 1Y YR NBLNBaSy
by volume?

Humans have exploited the megafauna of the high seas for centuriekeaepdeafishing hataken its

toll sincethe misv cpn n Q& ® { { A écosystensdzvi rerfaimed!relativily unaffected uetiént
decades Todaytechnological advases have enabled fishing, fossil fuel extraction, deep sea mining and
cable laying in areas that were previously logistically and econormmealtgssibleTherefore, concerns
about the sustainability of these activities and their effects on the vulreeaolsystems in ABRave

arisen?

Today the UN Convention on the Law of the Sea (UNCLOS) providésraational legal regime that

governs the ocean. It creates an obligation to conserve the mamvieonment butdoes not provide

specific mechanisms or processes for conserving marine biodiversity in ABNJ. Howetrées aranow

negotiatnga newglobal treaty in the form oén additionalagreement toAUNCLOS KA & y S¢ (G NBI (& Qa
isto ensure the londerm conservation and sustainable use of mahiwdogical diversitin ABNXhrough

the effective implementation of relevant provisions of the UNEhO further international cooperation

and coordinationThis agreement is callekle BBNJ AgreemerBipdiversity Beyond National

JurisdictionBBNJ).

This agreemerghallinclude requirementsf Environmental Impact Assessmeffi$AYor future
activities seeking to operate in ABNJ. It may also include additional requirements for Strategic
Environmental Assessmerf&EA)This study addresses the relevance of such SEA requirements
consideringvhich industrial sectors or technologibsit may venture into the ABN.

2]UQN. Covering areas beyond national jurisdiction.

3SUNEPWCMC (2017). Governance of areas beyond national jurisdiction for biodiversity conservation and sustainable
use: Institutional arrangements and craextoral cooperation in the Western Indian Ocean and the South East
PacificCambridge (UK): UN Emmviment World Conservation Monitoring Centre. 120 pp.
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1.1 Srategic Environmental Assement

G{UNFGSIAO 9YDANRYYSyGlt 'aasSaaySyid o6{9!'0 IyR 9Y@AN
promote sustainable development by mainstreamitéconomic development and integrating green

economy targets into strategic and projeelated decisiofy' | | A GECHG@ECD, 2020)

The SE/#s described ithe Protocol on Strategic Environmental Assessment to the Convention on
Environmental Impact Assessment in a Transboundary Context (SEA Prgito2003 The Protocol

was adopted by Meeting of the Parties to the Espoo Convention, held on 21 Maya&@nhteredinto
forceon 11 July 2010'he Protocol on Strategic Environmental Assessment augments the Espoo
Convention by ensuring that individual Parties integrate environmental assessment into their plans and
programmes at the earliest stages, and thukp lie laying down the groundwork for sustainable
development.

SEA is a systematic and anticipatory process, undertaken to analyse the environmental effects of
proposed plans, programmes and other strategic actions and to integrate the findings inmneecisi
making.lt is applied for example to government plans, programmes and policy docuiBB/triginates
from EIA with inputs frorhiophysicaplanning &pplying methods of physics to the study of biological
structures and processeaid policy analys{®artidario, 2012EIA is a tool designed to identify and
predict the impact of a project on the bieophysical environment and bmmanhealth and welbeing
Further it interprets and communicategormation about the impact, analyssite and process
alternatives ando provide solutions to siftut or abate/mitigate the negative consequenceshamans
and the environmentThe toolis applied for example to power plants, motorwaxgs energy parks
(BuropeanUnion).

The main difference between SEA and EIA is thais&pglied on policies, plans apcbgrammes
whereasEIAis appliedon projects Forexample, irthe European UnioSEA is applied on public plans and
programmes that include land use, transport planning, wide energy saaste managemergtc and

which set the framework for future developmeht addition,SEA is mainly appli@dthe public sector
whereas ElAs appliedn boththe public and privatsectors(Figure2). SEA workby assessing physical,
social and economiaiidbroad environmental) conditions for development while Bikectlyassesses

the environmental effects on policy, planning and programme prop(Raitdario, 2012)As Partidario
writes in her eLJ2 NIfi practice what this means is that SEA should not be about the direct assessment
of environmental effects of proposals (on water, air, soil, etc.) as in projects assessment, but instead it
should be about thassessment of development conditions (institutional, policy, economic, social issues,
etc.) towards the creation of better environmental and sustainability decision contexts and oufcémes
(Partidario, 2012)TheSEAprocessds startedbefore a corresponding EIA is undertaken. This means that
information on the environmental impact of a plan can cascade down through the tiers of decision
making and can be used in an EIA at a later stageprooEssshould essentially reducedhotal amount

of effort.
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Protocol on SEA
- according to
UNECE

Convention on EIA
in transboundary
context (Espoo)

Figure2 ¢ lllustration ofSEA in relation tBIA SEA is an overarching process wharEl&is an important
part for decision making arttie adoption of plans gorogrammesghat report on the environmental
effects of plans / program proposals and alternatives.

SEA and EIA procedures ensure that the environmental implications are considered already in the
decisionmaking process. The differences of these two can be seea talite below.

Tablel - Differences between SEA and EIA

Methodology Apolitical instrumentelated to concepts A technical instrumentlated to activities with geograph
and technical specifications
Approach Aproactive approach at earlier stages of the A reactive approachat the end of the decisiemaking
decisionmaking process to develop proposals procesg; to a specific proposal
Process A nulti-stage proceswith variationse.g.policy vs | Welldefined processclear beginning and end
plans
Assessment Assesssplans ancprogrammesn amacro scale | Assesssprojects on a more detailed leveh amicro
scale
Scope A larger range of activitiéis awider area Oftenasmaller range of activities orlacal scale
Baseline Less details / qualitative More details / quantitative

Alternatives and
cumulative
effects

Integraive, gives early warning, considexrs
potentially wide range of developmealternatives

Jecificwith limited review of cumulative effects,
considers limited range of feasible alternatives (bhow
carry out projects)

Consultation

Large rangef individuals and actors

Smaller rangef individuals and actors

Emphasis Emphasis on meetiraustainability goals and Emphasis omitigation and minimising impact
safeguards
Focus C20dza 2y QRiz. expbredithe Beat2 H Focus on do no/least harm

development
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1.1.1 Why SEA?

SEA is a systematic decision support process, aiming to ensure that environmental and possibly other
sustainability aspects are considered effectivethénelaboration opolides, plarsand programémes The
processs structured, rigorous, participativetegrated, proactive and transparenised byplanning
authorities, public and private bodiegich can bepplied to legislative proposals and other policies,
plans and programmes in politicicisionmaking.

SinceSEA isindertaken early andften in advance ahe formaldecisioamaking processt givesan
opportunity to consider a wider range of alternatives and options at thenjpigand programme level. It
influenesthe type and location of development that takes place in a sectognerather than just
the design or siting of an individual project. Therefore, SEA fashtagtainable development through
addressing the consistency of plan and programme objedtite®ptionsfrom relevant strategies,
policies and commitments.

Futhermore, SE4resentsan opportunity to identify environmentally sustainable solutions higher up the
decision chain before expensive planrstagesof technical detailsThe processcludesconsultation

anda public participatiorprocess It alsoincludesor prepaesfor asubsequent ElAnd therefore
strengthens the EIA and redgcmvestment risk

The enhanced capability to address cumulative and lsgge environmental effects within the time and

spaial boundaries of plans amfogrammesstrengthensaprojectQ@ L ! o6& GUiASNAYy3IEé G KA & LI
SEA reporfThisavoids questions (whether, where and what type of development should take place)

which have been solved already with environmental consideration

Partidariohas identified four situationghat mayneedan SEA(1) The territorial area for action is known
but the proposda®intentions are unknown or unclear; (Bhe propos&® iaitentions areknown butthe
territorial area is not identified; (3) Bothe territorial areaandproposal/intentions, ar&nown; (4)The
sectoral policy $ known but does not have a territorial materializat{®artidario, 2012)

One examplevherean SE&ould be usedsif anoffshore wind energgevelopment is proposelalt the

area for it imot identified yet. Another examptd how SEA has been applieaimes fromSweden where

the Swedish Agency for Marine and Water Managerhasibeen commissioned by the government to
devebp sea plans for the Gulf of Bothnia, the Baltic Sea and the NortA$&EANd associateélAare
made for each offshore plan. Svighimarine spaial planning includes a number of processes for
analyzing and organizing activities in the water, on and above the surface, and on arskabtdn

such a way as to support the attainmensastainableolicy, social and environmental goals. frtagine
special planshall provide guidance to the authorities and municipalities in planning and testing claims on
the use of the area. TBeplans include Sweden's economic zone and the Swedish territorial sea from a
nautical mile off the baseline. The munidies$ have planning responsibilities for the part of the sea that
is within the municipality's boundarieBhismeans that the municipalities and state planning
responsibilities overlap in a zone of 11 nautical miles in the territorial sea.

Another examplés from the European Union wheBEA is mandatory for plans/programmes which are
prepared for agriculture, forestry, fisheries, energy, industry, transport, waste/water management,
telecommunications, tourism, town & country planning or land use and whidhe framework for

future development consent of projects listed in the EIA Dire@iZé. islsomandatoryfor
plans/programmes which afer plans/programmes whichave been determined to require an
assessment under the Habitats Directive.

4 EU. Strategic Environmental Assesssmq@&tAhttps://ec.europa.eu/environment/eia/sekegalcontext.htm
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Anthesis Sverige AB Haeen assigned by thewedish Agency for Marine and Water Management to
accomplish a qualitative desk studystgpportthe understandingf technolodcaltrends for the
industrialization ofnternational waters (Areas Beyond National Jurisdiction) within the ne5a g6ars
focusing on new industries and human activifidse scope of the study was to outline the activities,
technologies, and sectors thaave the highest potential to be utilized in ABMBin the defined
timeframe and to discuss the findings in relation to BBNJ and possible SEA requirements.

2.1 Method of the study

This qualitative desk studyas been carried out in a BACKCASTING
form of Backcasting(Figure3). It is a planning

methodthat isincreasingly used in urban planning

and resourcenanagement of water and energy. It

starts with defining a desirable future and then

works backwards to ideffi policies and

progranmes that will connecthis specified future

to the presentThe method involves establishing

the description of a very definite and specific future

situation. It then involves an imaginary mement

backwards in time, stepy-step, from the future to TIME

the present to reveal the mechanism through which PRESENT FUTURE
that specifiedfuture could be attained from the Figure3 ¢ Visualization of thBackcasting methoaind
present. applicationto the study

The project haadaptedthe Backcasting methodas followed

1. Definingthe &utureé relying ontrends
Inthis step, factoraind trend affecting the future development including climate changecean
plastic,rising sea levels, increasing global populatioth demand fofood were analysedThe
information was gathered frostrategies and global prograrisat alsocreated a base of
understandingegardinghow SEA and Etauld beappliedamongst otherdo marine industries and
marine planning. Among otherthe following documents were congrkd in this step: (1Analysis
of Swedish marine cluster in Western Swexl€2) OECD reports including Ocean economy %2030
(3) UNESCO report about global ocean scie®eSwedish national Marine Spatial Planfi(tg)
Global Sustainability Goal {Sea and Marine Resources), etc.

The background studpade it clear that there will be many societies anehsgloballythat will be
affectedby sea levetiseand overpopulationThereforethere willbe a growingconcernaboutthe
location ofsettlementsand the way in whicheoplelive in the futureas well asbouthow the food
supply would look likd=urthemore, knowing the increasing concemegardingclimate change
pushes the energy sector tiavestigatemore sustainable emgy sources. This includefor example
researching the possibilibf energy parkeffshore Where the windsmore stable, waves hawee
bigger potentiafor energy generatioandthere is no direct competition withabitats andhe food
sectoron land At the same timgwith the knowledgéhat climate targets cannot be achievethi¢

5Hansen, A.S., 201@mvarldsanalys 201Maritima klustret i Vastsverige.
6 OECD, 2018he Ocean Economy i630. OECD.
710C, UNESCO, 20Giobal Ocean Science Reppfthe airrent status of ocean science around the world. UNESCO

8 Currently under development
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concentration of carbon dioxide is not lowered in the atmosphechnologies that capture and
storecarbon dioxide mderwater or undergroundre coming to the dre.

Increasing population growth and increasing income levels would result in higher consumption and
therefore also in higher amounts of waste, including plastic waste. Already today over 300 million
tons of plastic are produced every year of whicha$ti® million tons end up the ocean. Stricter
regulations and rules, but also behavioural chamgesiecrease the amount of wastelowever,
technologies to collect the ocean plastic is needed already today to protect our sea environments.
Another problem with increasing population is increasing demand fordioddustainable food

supply

To develogechnologies and sectors in ABNJ, lacae research is needdgesearcmot only helps

to investigate new ways to mitigate climate charmé also reveals the potential of other resources
in the high seas that are currently unknowrhis includes maringotechnology (marine biomass and
gendic resources) which are high on the research agenda and are relatively unexplored thday in
high seasThese two areas are currently not widely developed but have a large potengabwth

with greater research into ABN&speciallyesearch in the relatively unknown species living at the
bottom of the ocean.

As a result of the first steghe followingsectors that are believed to be developed in ABNJ within 30
50 yearsvere identified researchhuman habitattonstruction, carbon capture and storage (CCS),
offshore energyocean plastic harveistg, marine biotechnology and food supgprlhesustainabity
criteriahavebeen a foundatiorfior the assessment

Forecasting thactivities

To forecast futurelevelopment eachsectordefined in step has beerfurther exploredto identify
possibleareas ofactivitiesand technologiegxploiting the ABNJdncluding:

Marine research

Human habitats (floating cities)

Carbon capture and storage

Offshore energywind, solar, wave, ocean thermal energy conversion (OTEC))
Ocean plastic harvesting

Marine biotechnology

Marine geneticdesources

Mariculture

= =4 -8 -8 -4 -8 -8

Thoseareas ofactivitiesand technologiesvere furtherinvestigatel based orthe following areaq1)
The pected growth of the sector and probability of the activity in ABNThe daracteristics of
the technology includinthe scale of the development$3) The ikely performers/developerstese
areas for investigatiowere definedat the beginning of the project by thessignment ownethe
Swedish Agency for Marine and Water ManagemEmninvestigate these areatrends of each
activityand technologyave beenconsidered together with investments coatsd potential

The outcome of this step can be seethiaparagraphPescription ofonsideredctivitiesin ABNJ
that is builtin two parts: (1) Background information and trends of the activityAr{@lysis of
expected growthscale of the development, and likely performers/developers and investors.

Motivation and/or need foan SEMdased orthe step 2

Baseal on theresults of stp 2,ananalysis ofhe potentialneed foran SEAas been carried out. The
aim of this step was to find out whagy the SEA could be helpful in controlling the development of
the ABNJToday there is no requirement to performn SEAn ABNJ, however,ttie exploration of
these areasccelerats, it might be needed.

12
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A probability and concession complexity maigs been created based on the expected probability
of activities complexity of the concession and expected growth of the actindfor technology

The validation of the need fan SEAnd/or EIA is related tapplication of the concessioirsthe
ABNJHowever major assessment uncertaingxists in thenatrixandmust be considered’he

matrix has been divided into fosecions (A) High probability in ABBiddrelatively low complexity;
(B) High probability in ABNJ and high complexity; (C) Low prolbatAlBNJ and relatively low
complexity; D) Low probability in ABMdhidhigh complexityActivities in sector B and D leathe
highest potential tdenefit from SEA as they have a high complexity, often with a permanent
infrastructureand/or permanent impact on the sea environment.

Scale of thesaxisat NR ol 6 A&EAGE *-7 ' =
1. Very low, mainly coastal A. B.
2. Low B
3. Medium
5. Very high probability, ABNJ presence | A et fow Rt
already 2020 g complexity complexity
Scale of the-axis 6Complexityof investment ._§~ 3
aSS1Ay3 O2y0Saarzy Az
1. Single units T .
2. Technicallynd spatiallglefined projects st Low proabilty n A0
of several units sy g compErty
3. Spatially defined plans including multiple
units (i.e. high technical flexibility within C. D.
proposed area) 0
4. Larger develOpment plans F&Og rammes : 1Comp[exit\/ ozf investment sZek\'ng conces:[on in ABNJ ’
with high fexibilityin geography as well ) . N .
as technology Figure4 ¢ Matrix: Probability of ABNJ investments v
5. Very large development plans & concessiocomplexity. Major assessment uncertainty r
programmeswith very high flexibility be considered

The outcome of this step can be seen in section 4

2.1.1 Limitations of the study

This study focuses aelativelynew activitiegsectorsin ABN&nd do not includshipping, fishingoil/gas
extractionanddeepseaminingbecause thse sectorswith the exception of oil/gas extractioare
already covered by different international rules and regulatithis.important to be aware of
considerable uncertainties in all assessment and andlysitothe investigative nature of the studyo
scientific researchasbeencarriedout.

2.2 Vertical range of considered activities in ABNJ

The verticabperationrange of considered activities iBMJs illustrated byFigureb, approximately
divided intosurface water, pelagi@one and/or ocean bottom.

13
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Surface watcr

Pelagic

Ocean bottom

‘arive genetic

Figure5 ¢ Vertical range of considered activities in ABNJ

Marine lesearchActivities taking place itné whole water colum(surface water, pelagaoneandthe
ocean flooy are consideredfor example, floating buoysubmarine droneand sampling@f bottom
fauna.

Human habitat {bating citie¥ In this study, aman habitat@ctivityhas been narrowed down fast
considerfloating citieswhich are mainly located on the wataut can also reach to the pelagieneand
the ocean bottomThe dshed line represents the possible environmental impacts of waste, hiagvest
and mooringbut alsoin some cases thiefrastructureto fix thecity.

Carbon capture and storagé@3 Suitable places f@torage of capturedarbon dioxidere in the lower
part of the pelagic zone and the ocean bottom. However, the exact location of the activity is highly
dependent on future research.

Offshore @ergy:In this studywind, solar, waveandocean thermal engyy areconsidered. Tése energy
sourcecanimpactthe whole water columandthe oceanbottom, but this isdependent on its
infrastructure.Today most of theseenergy sourcénfrastructuresare fixed onewayor another to the
ocean floor but it is believed thathenmoving further away from the shgmmore floating solutions
need to be developed.

Ocean plastic harveag: This activity ocurs mainly in the surface water due to floating plastic waste.

Marine biotechnology This activity consists obn-extractive exploitation of the biodiversity in all marine
environments but mainly ithe lower parts othe pelagiczoneandthe ocean bottom environments.

Marine genetic resourcdMGR)Geneticresources can be found in every part of the watdumn
including theseabed

Mariculture: This activity occurs amly inthe surface water and pelagitonewhere target organisms can
be cultivated Infrastructure for mariculture consists mainly of flogequipment.

14
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2.3 Financial challenges of exploiting ABNJ

Any venture in ABNJ will have very high investment costs that have an impact on the probability of the
activitybeingdevelopel. Uncertainy and risk often inhibit investors from faffshore venturesSome of
the factors that are influencing investment costs are:

1 Lack of existing infrastructure (Power cables, pipelines, building infrastructure, transportation)
1 Rough physical conditions such as extreme weather, continuous wearing, and corrosion

1 Long distances from the shore (High freight §dsgh transmission losses, and high security
risks)

Lessons learneérom existing offshore industries shalae tremendous importance of technical

knowhow and offshore experience with great askociated wittmoving too fast from controlled
(laboratory) environmeng to upscalingo offshore implementation. However, large scale investments or
synergies with otheraivities may reduce costs and riskal maythereforebe necessary for profitable
exploitation in ABNAnexampleof this could beleveloping multiech energy fields where the
investments of developing infrastructuceuld be sharedVioreover,venturesin ABNJ are likely to be

well prepared politically as well as technicaliynd undertaken a& grander scale compared to nearshore
activities.

15
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The followingsectiongives an overview tfie activities included in the stychow they are performed
trendsin their future development, angthat future scenarios thayayhave.

3.1 Marine research

Marineresearch haslong history and is currentygrowingfield due to environmental concespsuch
asclimate change, and a revived focus on ocean resourbe§lobal Ocean Science Repmhsiders

the following categories @srming the field obcean sciencgl) Marine ecosystems functions and
processes; (2) Ocean and climate; (3) Ocean health; (4) Human health doeinvgel(5)Blue growth; (6)
Ocean crust and marine geohazards; (7) Ocean techndlogyver tese seven categories, the research
methodologyhas been divided into thregsensee, et al., 2017)

1 Hsheries marine fisheries, mariculturend aquaculture

1 Observationg; coastal and open oceanonitoring, data repositories, algal blooms, pollution,
satellitemeasuremats, buoys and mooring

1 Marine research/otheocean science such as experimental investigation and process studies

Ocean researctiepends on novel infrastructure and technology from using senmesesarch vessebnd
autonomous vehicled/essels provide access to both the open ocean and coastal Anfeaaces in
autonomous underwater vehicles and remotely operatelicles have changeke overall infrastructure
available for data collectio@ne examplef this ocean researchs the ARG@rofiling floats programme
coordinated by the Argo Project Office and the Argo Information Céftiis projecallowsthe
production ofreattime maps anérange statisticen the status of the ocean. The networkabbut
4000buoys includes drifting ice buoyspored ocean sea floor buogadbuoys to measuratmospheric
parameterslt is an excellent exampte how to collaborateshare ocean science infrastructuaad
devdop an extensive data management sys{égsensee, et al., 2017)he typical cyclef an Argo float
can be seeim Figure?.
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Figure6 ¢ The overview of Argo floats in the vaérl

9 Argo.http://www.argo.ucsd.edu/
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6-12 hours at surface to

< , Total cycle time:
transmit data to satellite

10 days

Descent to depth: 6 hours

Temperature

and salinity
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6 hours
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begin profile from
a greater depth:
2,000 meters

Figure7 - Thetypicalcycle of an Argfloat (Riser, et al., 2016)

Althoughthe exactdirection offuture research may not be foreseeahiteappears that the trend towards
usingmultiple automaticor remotely operated sampling vessels will characterize and greatly enhanc
future oceanographic, ecological, and geological sfieresearch Ocean research will hengeow as a
field with ahigh probabilitythat it continuesto be present in ABNJ. Most reseauttits will be smalbut
efforts are likely to take the shape of larger sampragrammeslike the international Argo program).
Investors rangéom single public and private operators to internationalmestmens. OECD sees
national governments as the main fundergoblic research fathe foreseeablduture. However, the
OECIalso expectthe private sectoto increase th investments as thegan bedirectbeneficiaries of
the data br examplethe oil and gas sectas well a®ffshore windand aquaculturgrojeds (Isensee, et
al., 2017)

3.2 Human habitat Floating citie3

Rapid populatiogrowth, urbanizationgrowing demand for food and biofuels, land degradation
(Roeffen, et al., 2013ndclimatechangeare causing high stress forastal cities around the world.
Studies estimate thdity 205Q the additional land requiremeribr human activitys 13-36 million square
kilometres.This number can be comparam for examplethe size of China (9.6 million Krandthe

total forested areaglobally(40 million krd) (Roeffen, et al., 2013\nother example comes from Lagos
where the lower income people need to live in floating villages on the datskihe town dudo alack
of land anca growing populatior{UN, 2019)Blue 21(2018) havealeveloped a map tmdicatethe urban
areas that have a high flood riéror! Reference source not foundThe resuftof their study show that
most of thecitieswith a high risk are located in lowland areas in @ize21, 2018)
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Figure8 ¢ Blue dotsrapidly growing cities with high flood risk; Orange: rapidly growing cities without high
floodrisk(Blue21, 2018)

To addressome ofthe challengeshat societiesare experiencingpday or will have in the future, many
actors includinghe United Nations see floating cities as one opporturis seas and oceans account for
70% of the planet (361 million square kilometréss spacewould beenough to accommodatine
additional land requirementgredictedto develop befor2050(Roeffen, et al., 2013furthemore,

floating cities have krgepotential tobe selfsustainedn food and energwhere people grow their own
food andproduce renewable energyN, 2019)

Most of theplannedfloating cities are close to
existing cities whe they woull act as one part of

of floating citieson the marketodayis Oceanixin
supportoftheUN | 6 A G 1 Qa bSg !
they have developeglans for dloating community
for 10000 residents on 75 hectares. This design

channe$flows of energy, water, food and waste
creatinglocal sharing economies and s&listaining
societies. Another group of dewglers believethat
building new societies in the middle of the ocean, i}
ABNJhas other benefitsit gives an opportunitio
experiment with new societie®©ne of these actors
is _the Seasteading InstiFute, founded in 2008 by Pfﬁi:gureg ¢ Conceptlesigned by AT Design Of
F'rlledman and Peter 'EHJThey belle\{e that floating and CCCC, as one of the contributions in the
C|t|e§ allow the. n_ext generation of ploneers to test architect design contest part of the Floating

new ideas for living togeth€The Seasteading Project(Wang, 2016)

Institute, 2019) Currerily, the Instituteis working '

on aPloating City Proje@b develop their latest

form of business which explores a model wherein a single congpamyrising several stakeholders will
oversee construction and management of a highly autonomous floatingleityproject is based on years
of engineering and lege¢search(The Seasteading Institute, 2018 example of a floating city can be
seenin Figure 9

Due topressures such gmpulationgrowth, urbanisationrandclimate changgcities will be under
growingpressure In this contexffloating cities are seesspart of the solution. The sectarould grow
considerablyn the future butinitiallyin coastal areasas part of existing societies and urban areas
warmer climates or closer the equator. Roeffen et.a(2018) have identified in their study that cities in
Asia would have the biggest effertd benefit from floating cities due to their high population raltes
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can besupposedhat there is anoderate possibility theftoating citieswill be present in ABJas the
rough weather conditionsf ABN&re seen as a big challengdongside legal complicatiofsesence in
ABNJvould providethe opportunity to develop new societidsat are lessdependent on existing ones.
Most ofsuchcitieswouldrequirealarge development of plans and programméth publicprivate
partnerships For example, the Seasteadbalieve inbeyond thelaw communities with golitical
autonomybut alsothat there isstill a needor cooperation with different countries and companies.
Furthemore, floating citieprovidegood opportunity to develop other offshore activities, such as
maricultureandmarine energy

3.3 Carbon capture and storage

Carboncapture and storage (CAS)a technologthat capturesthe carbondioxide (Cg) from the
atmosphere offrom industrial processesndstoresit underground in depleted oil and gas fields or deep
saline aquifer formationfCarbon Capire and Storage Association, n.thgreasmgactionregarding
climate changevould probably lead to a development of CCS technology as one of the touligy&de
climatechangeby drastically reduagthe carbon dioxide releader content in the atmosphere
However, it is difficult to predict which type of technology would be the most dominant in 2050.

CCS is also seen as one ofitigortant opportunities to achievargecarbon dioxide emission
reductionsneeded inthe energy sectoand todevelop new energy sources, such as hydrogen. It is
believed that CCS is one way to keep thesaafgproducing energy under control in the future when the
taxes for carbon dioxide emissions would increase signify(IEA, 2019)

Atthe end of 2018there were only twdargescaleCCS and utilisatiggower projects in operation,
however,accordingtdi KS Ly G SNY I G A 2 Sustdinab®eyDévaldEient SaeBafic( BIEEBH
number of projects would increas@nificantlyby 2040 Figurel0). To achieve this goal, major
innovatiors and cost reductions are required in the fiedd. the sector is only in tlearly stage of
development, IEA believes that secuiimgestments complimentary targeted policy measures, such as
tax credits or grant fuling, are neededEA, 2019)
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FigurelO¢ Largescale CO2 capture projects in power generation iStiséainabl®evelopment
ScenaridSDS)20062040 Green line represents tHevelopment pipeline and dark blue existing capacity
(IEA, 2019)
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One example ddifull-scaleCC%rojectis €O, /Caco,

the Northern Lightprojecttaking place in iy Sedlieniond
Norway. The project includes capturing Dispersal of e Rapressed CO,
CQ from industrial sources in the Oslo P/ CO:vete TRIRE0 7 Retiing ship 5 iy

fjord region TheCQ is then shipped in a '

liquid form to an onshore terminal on the ___ m
Norwegian coastNext the liquified C® B
will be transported by pipeline to a ~
permanent offshore storage location in the
North SeaCurrently, me of the barriers in
the project is that the CQax compared V- SiS
with the cost of implementinghe CCS

projectis lower. Therefore, both subsidies

and cogeration between government and

industry are necessary implementthe

projecQ@mbitions(Lights, 2020)Another Figurel1¢ Example of a C@8oject(WMO & UNEP, 2005)
example of CCS infrastructure (tlo¢

Northern Lights project) can be seerFigurell

Flue gas

Rising CO, plume

TheCCS sectorilvgrowsignificantlyin the coming yearss ithas a huge potentiab helpmeet climate
agreements while allowing to meet future energy demaiitls probability otthe presenceof CCS
technologyin ABNJs highas therecouldbe many suitable aregfor examplegas and oil field€p store
the carbon dioxideHowever, theconstructionof subsedimentoceanbottom structuresis very
expensive and will require large spatial surveys before technical specification can be cofviolsted.
CCS projects would targer development planard programmeghat would be carried out gaublic
private partnerships or separatddy private actorsHoweverpoth private and public investments are
required to get a strong market pusNith public investmentwe could seetronger carbon dioxide
taxes new policies and subsididheextentof the activitywill vary depenithg on the technology and
geological formations if aquifers are used

3.4 Offshoreenergy

In this study, offshorenergyincludeswind, solarandwavepower, and ocean thermal energpnversion
(OTEC)Tidal energynd current energgre not considered as part of ihstudyassuitable locations are
associated with coastal featuraadare not present inABNJAdditionally the technologyis notassessed
to be developed so far within the next-80 years.

Offshoreenergytechnolodeshave developedmakingit possible to builérraysin deeper waters and
further away fromthe shore. Howeverll developments are locatedA (i K A Yy  @ritdrdl ivatdrsS & Q
or EEZIn 3050yearsit is quiteprobablethat developments extend into ABNJ. Incentifeeghis
developmentwould bethe highest for countries with high energy demand and few-lzasked energy
resources in combination with limiteerritorial waters and EEEorthis development to beealizal, the
technologesneedto befurther developed irterms of (weather) robustness whilee issues oénergy
storageand transport must be solved. Liquid hydrogen transported to port by shipdenan option and
requires conversion plants installed at the offshore site.
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