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Abstract

Australia's blue economy requires an urgent transformation from fragmented sectoral ap-
proaches to integrated, industry-led, systems. Our competitive advantage depends on the
rapid deployment of adaptive management frameworks that respond to accelerating environ-
mental and market changes. This research agenda prioritises industry-driven innovation
across offshore renewable energy, sustainable aquaculture, and integrated ocean platforms,
supported by cultural and social licence frameworks that enable rapid scaling. Key research
priorities include developing autonomous, multi-use ocean systems, establishing adaptive
governance mechanisms that respond to real-time data, and creating predictive models for in-
tegrating ecosystems and economies. Success requires immediate investment in industry-re-
search partnerships, the deployment of advanced monitoring infrastructure, and the imple-
mentation of regulatory frameworks that reward innovation while maintaining environmental
integrity. The agenda emphasises speed-to-market for emerging technologies, with Marine
Spatial Planning and integrated seafood systems serving as demonstration platforms for
scaled implementation. Expected outcomes include positioning Australia as the global leader
in sustainable ocean development by 2030, with research directly translating to commercial
deployment and international technology transfer. Australia's blue economy encompasses the
sustainable use of ocean resources for economic growth, improved livelihoods, and employ-
ment, while preserving the health of marine ecosystems. This extends beyond traditional re-
source extraction to embrace innovation, integration, and environmental stewardship across

all ocean-based activities.
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Relevance - Societal Benefits (750 words — currently 745)

Defining The Blue Economy

The World Bank defines the Blue Economy as "the sustainable use of ocean resources for
economic growth, improved livelihoods, and job creation while preserving the health of
ocean ecosystems".!? This definition emphasises the critical balance between utilising marine
resources and maintaining ocean health.

The concept encompasses a range of economic sectors and related policies that together de-
termine whether the use of ocean resources is sustainable.® These sectors include marine in-
dustries, such as fisheries, shipping, and tourism, as well as emerging fields like marine bio-
technology and offshore renewable energy. The blue economy differs from conventional ap-
proaches by emphasising integration, sustainability, and inclusivity.

The sustainable blue economy encompasses several traditional sectors that have historically
relied on marine and freshwater resources:

e Fisheries and Aquaculture: The ocean food sector provides up to 237 million jobs
globally and supplies key nutrients and protein to over 3 billion people.*

e Marine Transport and Shipping: Approximately 90% of internationally traded goods
are shipped by sea, making maritime transport a crucial component of the global
economy.*

e Coastal Tourism: Coastal and marine ecosystems contribute up to $11.5 billion to
global tourism, while also providing essential ecosystem services, including coastal
protection, habitat for biodiversity, carbon storage, and detoxification.*

e Waste disposal/assimilation: Human waste and other biodegradable materials have
been disposed of in the ocean since ancient times, followed by industrial waste and
various chemicals since industrialisation. Persistent materials, non-degradable chemi-
cals, and plastic pose a significant threat.

e Defence/National security: Our marine estate is also our sovereign border, and
protecting and defending it, as well as controlling immigration, all involve marine

activities and associated infrastructure.




COMMITTEE
Beyond traditional industries, the blue economy also includes relatively modern sectors, such
as offshore oil/gas, marine aggregates, and encompasses emerging sectors with significant
growth potential:

e Offshore Renewable Energy: This includes offshore wind, tidal, wave, and ocean
thermal energy conversion, providing sustainable alternatives to fossil fuel-based
energy sources.””’

e Blue Biotechnology: The exploration and utilisation of marine organisms for
developing new products and applications in medicine, cosmetics, food, and
environmental remediation.® 2

e Marine Data Services: The collection, analysis, and application of ocean data for
various purposes, including climate modelling, resource management, and maritime

safety.!318

More detail regarding the issues raised in this section can be found in a number of dedicated
white papers such as “Australia’s Changing Oceans”,'® “Biodiversity and Ecosystem
Health”,?° “Data Through to Tnformation”?! and “Artificial Intelligence and Machine Learn-

9922

ing for Australian Marine Science”* which provide the underpinning science of ocean

change and ecosystem status relevant to blue economy development

Australia's Need for a Sustainable Blue Economy

Strategic Imperative and Economic Growth

Australia's blue economy presents a compelling economic case for sustainable develop-
ment. Currently valued at approximately $118.5 billion (2020-21 figures), the marine
economy accounts for around 5% of Australia's GDP. The growth trajectory is impres-
sive, with the blue economy expanding at a rate 2-3 times faster than the rest of Austral-
ia's GDP.

Major trading partners, including the European Union, China, and the United States, are
developing their own blue economy strategies and national ocean policies. China is in-
vesting over $ 50 billion in offshore aquaculture expansion, and European nations are de-
ploying large-scale offshore wind integration projects. Australia's research response must
accelerate technology development cycles from decades to years, focusing on industry-

led innovation that directly addresses commercial deployment challenges.
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For governance and allocation frameworks supporting these economic imperatives, see the
corresponding white papers on “Integrated Ocean Management & Resource Allocation and
Management”?® and “Ocean Accounting”** white papers.

Resource Security

Food Security
In 2022, global fisheries and aquaculture production reached a record 223.2 million
tonnes, representing a 4.4 percent increase from 2020. Notably, aquaculture surpassed
capture fisheries in aquatic animal production for the first time in history, producing 94.4
million tonnes of aquatic animals, accounting for 51 percent of total aquatic animal pro-
duction.?®
This milestone demonstrates aquaculture's increasing capacity to meet the growing global
food demand. Global per capita annual consumption of aquatic foods has significantly in-
creased from 9.1 kg in 1961 to 20.7 kg in 2022, highlighting the growing importance of

aquatic resources in global nutrition.?

Food Security issues are explored in greater depths in the corresponding white paper,
which details marine and coastal contributions to Australia’s long-term nutritional secu-
rity.2

Marine Renewable Energy
The blue economy encompasses multiple forms of marine renewable energy, including:

e Offshore wind: Australia has established a formal pathway for offshore wind through
the Offshore Electricity Infrastructure Act 2021 and, since December 2022, has
declared six priority zones, unlocking approximately 30 GW of resources in
Commonwealth waters.

e Wave and tidal energy: These technologies harness the kinetic energy from ocean
movements. While less developed than offshore wind, they offer predictable and
constant energy production. Ocean thermal and salinity gradients: These technologies
utilise temperature and salinity differences in ocean waters to generate energy,
although current technological limitations impact their large-scale viability.?’

The “Energy Security, Diversification and Achieving Net Zero” white paper explores the

issues associated with Marine Renewable Energy in greater depth.?®




COMMITTEE

Blue Biotechnology

Marine organisms represent an enormous and largely unexplored reservoir of bioactive com-
pounds. The blue biotechnology sector has shown remarkable growth. A comprehensive anal-
ysis revealed that publications in this field more than doubled from 36 in 2010 to 70 in
2019.%° This growth reflects increasing recognition of marine biotechnology's potential to
provide sustainable alternatives to conventional industrial processes and products. Research
in this area is further elaborated in Omics, Synthetic Biology and Biotechnology in Australian
Marine Science, which explores genetic, microbial and modelling approaches to sustainable

blue biotechnology.*°

Current state of the science or R&D (2500 words — currently 2507)

This section examines and speculates on the possible development of research and innovation
trajectories across nine key marine sectors, mapping innovation pathways across three strate-
gic time horizons (Table 1).

The analysis reveals significant momentum in offshore renewable energy and aquaculture
sectors, while highlighting the transformational potential of marine data services and biotech-

31,32

nology applications. Traditional sectors, including oil and gas, shipping®*° and de-

fence,>*7

are experiencing substantial technological evolution, driven by decarbonisation im-
peratives and digital transformation. The research landscape is demonstrating an increasing
convergence between sectors, with cross-cutting themes of sustainability, automation, and

climate adaptation emerging as dominant drivers of innovation.

Table 1: Development Trajectories for Blue Economy Industry Sectors

Sector Horizon 1 (0—5 | Horizon 2 (5—-10 yrs) | Horizon 3 (10 +
yI1S8) yIs)
Fisheries & Aquacul- | e Electronic moni- | ¢ Commercial open- | e Fully autono-
ture toring & Al- ocean fish farms mous “blue-
stock assess- with robotic farm” installa-
ments for sus- maintenance tions powered
tainable quotas by ocean en-
ergy
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e Precision aqua-
culture sensors,
automated feed-
ing & health di-
agnostics

e Offshore-ready
cage prototypes
co-located with
renewables

¢ Pilot seaweed
farms grow As-
paragopsis for

methane-cut feed

e Multi-trophic sys-

tems recycling nu-
trients via sea-
weed/shellfish
Blockchain tracea-
bility rolled out
across seafood sup-
ply chains.
Ecosystem restora-
tion to support

productivity.

Engineered dis-
ease-resistant
species and
cell-based sea-
food lines
Ecosystem-
wide manage-
ment via real-
time data &
spatial planning
Implemented
monitoring to
record interac-
tions with unin-

tended catch

Marine Transport &
Shipping

e Pilot green-fuel
vessels (ammo-
nia / hydrogen)
on key trade
routes

e Smart-port [oT &
blockchain for
real-time cargo /
emissions data

e Slow zones in ar-
eas of overlap
with key threat-
ened fauna to re-
duce ship strikes

e Remote-operated

harbor tugs and

Zero-carbon new-
builds gain market
share; ammonia
bunkering in WA
Semi-autonomous
bulk carriers on
regulated corridors
Port “digital twins”
optimize traffic,
maintenance & en-
ergy use
Establishing/updat-
ing shipping lanes
to avoid known ar-
eas of biological
and ecological im-

portance

Net-zero fleet
dominated by
ammonia/hy-
drogen & bat-
tery vessels
Fully autono-
mous long-haul
shipping with
Al traffic con-
trol
Quantum-se-
cure, real-time
logistics net-
works across
ocean & land
Implemented

monitoring of
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autonomy trials

on patrol craft

animal ship
striking with
defined penal-

ties

Coastal Tourism

Reef-restoration
tech (robotic
coral seeding,
cloud-brighten-
ing demos)
VR/AR reef
dives and live-
stream “citizen-
science” moni-

toring apps

Large-scale coral
adaptation & shad-
ing at key dive sites
Underwater ob-
servatories and
drone-guided wild-
life tours
Data-capped visitor
flows and carbon-

neutral electric tour

Artificial 3-D-
printed reefs as
new attractions
& habitats
Immersive hap-
tic VR tourism
reduces pres-
sure on fragile
sites

Tourism reve-

Rapid adoption fleets nue automati-

of eco-certifica- cally funds dy-

tion for operators namic reef-

and vessels health programs
Defence (Maritime, see | ¢ Networked au- Routine deploy- SSN-AUKUS

‘Maintaining Sover-

eignty, Securing & De-

fending Australia’

(2025) for maritime

domain awareness and

dual-use pathways.*®)

tonomous surface
/ sub-surface
drone trials (AU-
KUS)
Construction of
digital-design
OPVs & frigates
with advanced
radars

Expanded satel-
lite & cyber ca-

ment of unmanned
patrol & mine-
countermeasure
fleets

Hunter frigates &
upgraded Collins
subs linked via Al
C2 networks
Ship-based di-
rected-energy &
hypersonic defense

R&D enters service

nuclear subs de-
liver Indo-Pa-
cific stealth
reach

Fully integrated
crewed-un-
crewed “‘sys-
tem-of-sys-
tems” fleet
Robotic naval
bases automate

resupply, repair




COMMITTEE

pability for mari-

& seabed sur-

time domain veillance
awareness

01l & Gas CCS retrofits and | e Hybrid gas-plus- Subsea fully ro-
dedicated CO-- offshore-wind en- botic produc-

storage acreage
licensing
Digital-twin plat-
forms & robotics
cut maintenance
and methane
leaks
Drone-aided de-
commissioning
roadmap

launches for ag-

ergy hubs with
standard CCS

e Unmanned satellite
platforms managed
from onshore con-
trol rooms

e Blue-hydrogen pro-
duction begins us-
ing re-purposed gas
fields

tion with near-
Zero emissions
Wide-scale rig
removal / reef-
ing and CO:
storage services
dominate
Workforce &
tech pivot to
offshore renew-

ables and criti-

ing assets cal minerals
Marine Engineering & Digital shipyards | e Al-optimized mod- End-to-end
Shipbuilding adopt VR/AR & ular construction Al/robotic

robotic welding
for frigate block
Additive-manu-
factured spares
tested on naval
and offshore as-
sets

Government con-
tinuous-ship-
building program

scales local skills

slashes build & re-
fit times

e Prototype floating
multi-use energy—
aquaculture plat-
forms launched

e Green-fuel vessel
lines (Hz, ammonia,
battery) built for
export

yards produce
vessels &
mega-structures
Offshore float-
ing cities / desal
hubs engineered
for climate re-
silience
Lifecycle-digi-

tal-twin retrofits
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make fleet car-

bon-neutral &

recyclable
Marine Renewable En- | e First offshore- Multi-GW fixed & Tens of GW
ergy wind build (Star floating wind farms offshore wind,
of the South) en- supply coastal grids complemented
ters construction Grid-firming by mature
Wave-energy pi- wave/tidal arrays wave/tidal
lot units power scale to MW-class farms
remote sites & commercial ops Energy-island
fish farms Offshore wind-to- platforms ex-
Offshore Elec- hydrogen hubs ex- port hydrogen
tricity Infrastruc- port first green am- via autonomous
ture Act stream- monia cargo carriers
lines leasing & Ocean renewa-
EIAs bles integrated
with coastal
protection &
desalination
Blue Biotechnology MB-CRC drives Industrial secaweed Large-scale al-

bioprospecting of
endemic algae,
sponges & mi-
crobes

First marine-col-
lagen & omega-3
nutraceuticals hit

domestic market

cultivation feeds bi-
orefineries for fuels
& plastics
Marine-derived
drugs advance
through Phase 111
clinical trials
Synthetic-biology
microbes mass-pro-
duce reef-sourced

compounds

gae biofuels
power aviation /
shipping sectors
Flagship marine
pharmaceutical
delivers global
health impact
Blue-carbon
seaweed farms

earn carbon
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credits + high-

value products

Marine Data Services

e IMOS expansion
with Saildrones,
gliders & HF ra-
dars for live data

e Open ocean-data
portals fuel Al
apps for routing,
fisheries & reefs

e Edge-Al
spill/heatwave
alerts deployed
for rapid re-

sponse

e Digital-Twin GBR

& national ocean
model runs real-
time scenarios
Predictive Al fore-
casts fish stocks,
HABs & shipping
congestion
Ocean-IoT stand-
ards link seabed,
surface & satellite

SENSors

Real-time “Dig-
ital Ocean”
manages fish-
ing, shipping &
conservation
Quantum sen-
sors enhance
sub-sea map-
ping & secure
data links
Holistic Earth-
ocean data fu-

sion underpins

adaptive cli-

mate policy

Immediate Horizon Research Trends (0-5 Years: 2025-2030)

Fisheries and Aquaculture

The fisheries and aquaculture sector focuses on productivity, sustainability and climate adap-
tation. Research priorities from horizon scanning include creating recruitment and abundance
indices for sustainable fisheries management in the face of environmental change, as well as
integrating the effects of ecological variation into management frameworks.*° The sector
faces challenges in addressing gaps in basic biological information for key fish species and
implementing ecosystem-based fisheries management. Climate adaptation strategies are criti-
cal, with researchers focusing on how fisheries management can adapt to changing ocean

conditions while minimising the impacts on ecosystem degradation.’**

The aquaculture industry is seeking decarbonisation via operational efficiency and alternative
energy, supported by the Blue Economy CRC and Seafood Industry Australia, to enhance ca-

pacity building and achieve net-zero goals.*?
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Marine Transport and Shipping
The maritime transport sector is poised for a renaissance due to industrial transformation and

the adoption of renewable energy. Research suggests new opportunities for Australian ship-
ping as the country strengthens its manufacturing capabilities in renewable energy-driven
processes for steel, aluminium, silicon, and lithium production.** This transformation is ex-
pected to boost the demand for ships to transport raw materials domestically and deliver

products internationally.

Current research priorities focus on addressing the $600 million annual economic cost of in-
efficiencies at Australia's major container ports.*>* Productivity studies show variation in
performance among container terminal operators. The sector is exploring short sea shipping
models and hub-and-spoke configurations to integrate Australian freight with regional net-

works, including those in New Zealand, the Pacific Islands, and Southeast Asia.

Infrastructure investment research is examining the potential for strategic fleet development,
with proposals for approximately $200 million annually in shipping infrastructure funding to

support the transition and establishment of a strategic fleet.*’

Coastal Tourism
Tourism research is exploring sustainable growth models. Studies examining international

tourism demand in Australia are incorporating uncertainty and risk factors from pandemics,
using augmented demand models to understand traditional economic factors alongside health
security considerations.*’” The Great Barrier Reef tourism sector, which contributes $5.8 bil-
lion annually to the economy, requires research on maintaining its health and economic value

under climate change pressures.*®

Priorities include developing adaptive management strategies for marine tourism that balance
economic benefits with environmental protection. The sector is exploring how to maintain
tourism value while addressing climate variability impacts, sea level rise, and marine ecosys-

tem health challenges.*’

Offshore Renewable Energy

Offshore renewable energy is a dynamic research area in Australia's blue economy. The Blue
Economy CRC has identified offshore renewable energy as a priority industry, focusing on
technologies that support decarbonisation of the energy supply chain and offshore sectors.

Forms of marine renewable energy are:
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e Offshore wind: Australia has established a formal pathway for offshore wind through
the Offshore Electricity Infrastructure Act 2021 and, since December 2022, has de-
clared six priority zones, opening approximately 30 GW of resources in Common-
wealth waters.

e Wave and tidal energy: These technologies harness the kinetic energy from ocean
movements. While less developed than offshore wind, they offer predictable and con-
stant energy production. The government’s clean-tech funder, ARENA, has flagged
ocean energy in its 2024 Investment Plan *’and continues to support prototypes.>!
Blue Economy CRC and CSIRO research underpin the roadmap: CSIRO modelling
shows waves alone could supply between 5 - 10 % of national electricity by 2050,
while Blue Economy CRC’s 2024 Ocean Wave Energy in Australia report and its new
hydrogen micro-grid testbed in Hobart set out co-location opportunities with aquacul-
ture, hydrogen and offshore wind.>

¢ Ocean thermal and salinity gradients: These technologies leverage temperature and
salinity differences in ocean waters to generate energy, though current technological
limitations restrict their large-scale viability.?’

Biofuels, bioremediation, and bioproducts.*® The sector addresses technical challenges of off-
shore energy infrastructure, including environmental assessments and integration with marine
industries. Integrating offshore renewable energy with the marine sectors, particularly aqua-

culture and shipping, is a key research focus.

Medium-Term Innovation Pathways (5-10 Years: 2030-2035)

Marine Engineering and Shipbuilding

Marine engineering research is advancing toward sophisticated offshore systems capable of
operating in extreme marine environments. The Australian Maritime College is leading re-
search on the experimental and numerical modelling of hydrodynamic behaviour for ships
and offshore structures, as well as the evaluation of new shipping ports and the development
of autonomous underwater vehicles.>* Research priorities include developing new devices for
extracting tidal and wave energy, assessing the environmental impact of marine operations,

and implementing advanced control systems for marine vessels and installations.

Innovation in offshore engineering solutions focuses on developing infrastructure that sup-

ports the growth of offshore systems across multiple industries. Research is addressing the
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convergence of marine engineering with renewable energy, aquaculture, and defence applica-

tions, requiring integrated design approaches that optimise multi-use offshore platforms.

Marine Data Services

Marine data services are emerging as a critical component of infrastructure supporting all
Blue Economy sectors. The 2015-2025 National Marine Science Plan calls for establishing a
National Oceanographic Modelling System to supply defence, industry, and government with
accurate ocean state knowledge and predictions.*® Research priorities include developing in-
tegrated monitoring systems that support multiple user needs while providing real-time data
for operational decision-making. Australia instead operates multiple complementary ocean
modelling systems that serve different scientific and operational purposes (e.g. IMOS,>?
OceanMAPS, BRAN (Bluelink ReANalysis),’® ACCESS-OM2.>” However, Australia is ac-
tively developing the Australian National Coastal Ocean Modelling System (ANCOMS) to
address the current gap in integrated national coastal ocean modelling capabilities.>® This ini-
tiative aims to provide comprehensive coverage of Australia's 36,000 km coastline, building
upon existing regional systems while incorporating advanced data assimilation and informat-
ics infrastructure. Research is examining how to integrate diverse data sources while main-
taining quality standards and ensuring broad accessibility for the development of the blue

economy. !>

Oil and Gas
The oil and gas sector, currently representing approximately 50% of Australia's Blue Econ-

omy output,>

is undergoing significant transformation driven by energy transition require-
ments. Research focuses on enhancing wave, wind, and current predictions to improve safety,

enhance planning, and reduce operational costs and risks.%

Transition research examines how traditional oil and gas infrastructure and expertise can sup-
port the development of renewable energy. Studies are exploring opportunities for offshore
oil and gas operators to diversify into offshore wind energy, leveraging existing maritime en-

gineering capabilities and offshore operational experience.

The sector is also addressing challenges related to Australia's declining oil refining capacity,
which necessitates increased seaborne imports of refined petroleum products.** Research ex-
amines the supply chain security implications and opportunities for developing domestic pro-

cessing capabilities using renewable energy sources.
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Transformational Research Horizons (10+ Years: 2035 and Beyond)

Blue Biotechnology

Blue biotechnology represents a transformational research frontier with potential applications
across multiple sectors. Research is exploring the potential for marine organisms to provide
breakthrough solutions for human health challenges, environmental restoration, and sustaina-
ble industrial processes. The development of marine-derived biotechnology could create en-
tirely new blue economy sectors while supporting sustainability goals across existing indus-

tries.

Long-term research trajectories include developing marine biotechnology applications for
carbon sequestration, ocean cleanup, and sustainable aquaculture feed production. These in-
novations could fundamentally transform how marine resources contribute to global sustaina-

bility challenges, while creating significant economic value.

Defence

Defence research is evolving toward integrated maritime domain awareness and autonomous
capabilities. Long-term research priorities include maintaining maritime sovereignty through
advanced surveillance and response systems, supporting search and rescue missions, and de-
veloping capabilities for humanitarian aid and anti-piracy initiativest®l. The integration of arti-

ficial intelligence and autonomous systems represents a significant research area.

Research is examining how defence requirements can align with civilian blue economy de-
velopment, creating dual-use technologies that support both national security and economic
development objectives. This includes exploring how defence research can contribute to ma-

rine renewable energy, autonomous shipping, and offshore infrastructure protection.

The development of alternative crewing models for naval operations is creating research op-
portunities that could transform both military and civilian maritime operations. These innova-
tions may fundamentally change how human resources are deployed in marine environments

while enhancing operational effectiveness and safety.

Cross-Sector Integration and Systems Leadership
The most transformational research horizon involves integrating all blue economy sectors
into coherent, sustainable systems. Research is examining how systems leadership can enable

the collective realisation of shared visions for ocean and blue economy development X2, This
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includes developing frameworks for true collaboration, community engagement, and inte-

grated decision-making across sectors.

Ocean policy research is focusing on developing credible platforms for shared information
storage and bodies that governments trust to make recommendations on complex ocean is-
sues. This includes establishing legislative and regulatory structures that mandate collabora-
tion and provide effective governance for multi-sector ocean use. Research priorities include
developing ocean accounting systems that provide credible annual reports on ocean health

and the performance of the Blue Economy.

The development of marine spatial planning frameworks that accommodate multiple indus-
tries while maintaining environmental integrity represents a critical research area. Studies are
examining how to balance competing uses while maximising synergies and ensuring net envi-
ronmental benefits across all blue economy activities.! Australia's blue economy research
landscape reveals a dynamic transformation toward sustainability, integration, and innovation
across all marine sectors. The immediate horizon focuses on optimising existing operations
and implementing near-term sustainability measures, while medium-term pathways empha-
sise technological advancement and sector integration. The transformational horizon prom-
ises breakthrough innovations in biotechnology, autonomous systems, and integrated ocean

management that could fundamentally reshape Australia's utilisation of its marine resources.

With the growth in many traditional sectors and the emergence of new activities, pressure on
the marine environment is increasing, leading to the concept of spatial squeeze as more users
compete for space in the congested waters. One obvious solution is to ‘pack’ activities to-
gether, but this raises issues regarding interactions between activities and their cumulative ef-
fects on the ecosystem.

Cumulative impacts are increasingly recognised as an integral component of sustainable de-
velopmental and environmental management. However, recent advancements in cumulative
impact research and data availability are not being translated on the ground due to uncertain-
ties in what cumulative impacts are and how to quantify them. This can lead to unintended
ecological consequences and conflicts between industries that may have otherwise been
avoided if cumulative impacts were adequately considered. A deeper understanding of cumu-
lative impact accounting will facilitate more informed decision-making for ecosystem-based

management, balancing the needs of nature and people.
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While cumulative impact accounting involves time and resources, the potential for long-term
benefits outweighs the short-term costs. For example, assessing, understanding, and incorpo-
rating cumulative impacts into planning and management frameworks can reveal more effi-
cient uses of crowded ocean spaces that allow for reduced environmental impact while still
leading to sustainable and profitable industries. Such analyses are likely to provide strong
support for the co-location of compatible industries, providing the evidence base to support

advancements in regulation and technology, making Australia a leader in this space.

Knowledge and disciplinary requirements (2000 words)

Based on the research trends outlined in the previous section, the following research and

technology requirements emerge (Table 2).

Table 2: Enabling Technology and Research Requirements for a Sustainable Blue Economy

Sector Enabling-Technology Clusters Key Research-Requirement
Clusters
Fisheries & e Smart aquaculture & IoT e Sensor reliability & data in-
Aquaculture e Offshore & autonomous farm infra- tegration for aquatic sys-
structure tems

e Alternative feeds & bioprocessing e Environmental-impact &
e Genomic & cell-culture biotechnology | — ecosystem-modelling stud-
e Digital traceability / blockchain ies

¢ Genetic-improvement bi-
osafety & ethics

e Sustainable-feed LCA &
scalable production

e Verification & regulatory

frameworks for end-to-end

traceability
Marine e Alternative fuels & green propulsion e Fuel-performance, safety &
Transport & (LNG, Hz, NH3, wind-assist, SMR) bunkering standards

Shipping
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e Autonomous navigation & control sys-

tems

e Smart ports & Al-driven logistics Dig-

ital maintenance & self-monitoring

vessels

e Advanced vessel materials / design

Al algorithms & regulations

for unmanned shipping

Cyber-secure V2V / V28§

communications

Interoperability & human-

factor studies for port auto-

mation

Lifecycle-emission analyt-

ics & vessel-resilience re-

search

Coastal Tour-

Immersive digital experiences

Visitor-impact / carry-

ism (AR/VR, live-stream reefs) ing-capacity metrics &
e Climate-resilient & nature-based monitoring®?
infrastructure®? e Tech-enabled conser-
e Low-emission tour vessels & hy- vation-effectiveness
brid craft evaluation
e C(itizen-science & eco-engage- e Resilience engineering
ment platforms & cost—benefit assess-
e Underwater accommodation & ment
attractions®’ e Safety & human-factor
research for ex-
treme/underwater tour-
ism
e Behaviour-change sci-
ence & stewardship in-
centives
Defence (Mar- e Autonomous surface & sub-sur- e Trustworthy autonomy
itime) face platforms (USV/UUV/XL- & rules-of-engage-

UuUVv)
Integrated sensor networks

(space-to-seabed ISR)

ment validation
Secure C2, data-fusion
& cyber-resilience

R&D
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Directed-energy & hypersonic
weapon systems

Quantum sensing, navigation &
secure comms

Swarm-Al & network-centric C2

architectures

Ship power/cooling
solutions for high-en-
ergy weapons

Field validation of
quantum sensors /
comms

Ethics, counter-

measures & Al-swarm

governance
Oil & Gas Digital oilfield & robotic inspec- * Real-time analytics
(Offshore) tion/maintenance & OT-cybersecurity
Carbon-capture & sub-sea stor- for critical assets
age systems CCS efficiency & res-
Blue-hydrogen & advanced gas- ervoir-integrity assur-
processing tech ance
Platform repurposing into hybrid Catalysts, materials &
energy / Hz hubs safety for offshore H>
Decommissioning, reefing & en- value chains
vironmental-service tech Retrofit engineering &
multi-hazard safety
protocols
Cost-optimised de-
commissioning & eco-
logical-outcome stud-
ies
Marine Engi- Digital shipyards & industrial ro- Human-robot safety &
neering & botics workforce-transition
Shipbuilding Modular construction & large- programmes

scale additive manufacturing
Smart / self-healing materials &

green-hull tech

Durability & certifica-
tion of novel marine

materials
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Whole-life digital twins & pre-
dictive maintenance

Autonomy-ready vessel architec-

tures

Standards for modular
interfaces & classifica-
tion rules

Al-driven design / pro-
ject-management vali-
dation
Circular-economy
methods for ship recy-

cling & zero-waste

yards
Marine Re- Offshore wind (fixed & floating) Deep-water foundation
newable En- generation & mooring engineer-
ergy Wave & tidal-stream conversion ing
arrays Device reliability,
Hybrid multi-use energy—aqua- O&M logistics & cost
culture—desal platforms learning
Offshore H- production & energy Environmental & so-
storage systems clo-economic impact
Long-distance HVDC / subsea monitoring
super-grid infrastructure Techno-economics of
offshore H: / storage
pathways
Policy, permitting &
conflict-resolution for
multi-use zones®
Blue Biotech- Marine bioprospecting & HTS Cultivation & strain-
nology discovery platforms optimisation R&D

Scalable seaweed / micro-algae
cultivation systems
Synthetic-biology & metabolic-

engineering toolkits

Efficacy, safety &
clinical pipelines for
bioactives
GMO-biosafety gov-
ernance & public ac-

ceptance
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Marine biomaterials & extremo-
phile enzymes
Biotech-enabled ecosystem resto-

ration solutions®*

Biorefinery scale-up
economics & process-
integration
Environmental / ethi-
cal frameworks for bi-

otech interventions

Marine Data

Services

Ocean-IoT sensor networks &
autonomous platforms
High-resolution satellite constel-
lations & remote sensing* Cloud-
native open-data & API ecosys-
tems

Al-driven digital-twin ocean
models

Automated surveillance & deci-

sion-support drones

Multisource data-as-
similation & model-
validation science
Ultra-low-power hard-
ware, antifouling &
maintenance
Interoperability stand-
ards & data-govern-
ance agreements
Explainable Al, ethics
& big-data privacy
safeguards

Legal acceptance &
response protocols for
automated enforce-

ment

Australia’s Blue Economy is entering an era in which technology, data and interdisciplinary

research are converging to unlock new economic opportunities while tackling climate, biodi-

versity and security challenges. The table above distils this complexity into nine sector

“maps,” each organised around two lenses: enabling-technology clusters (the hardware, soft-

ware and systems that make new activity possible) and research-requirement clusters (the

knowledge, models and governance work that must be delivered for those technologies to

succeed). Taken together, these clusters offer a high-level blueprint for funding, regulation

and collaboration over the next decade.

Current academic structures hinder interdisciplinary collaboration and rapid knowledge trans-

lation, which are essential for the competitive development of the ocean industry.
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Systems Integration Expertise
The most critical knowledge gap involves understanding complex interactions between ocean

industries, environmental systems, and socio-economic factors. Traditional marine science
focuses on single-species or single-sector analysis, but future ocean development requires
systems thinking that optimises multiple objectives simultaneously. Research teams must in-
tegrate oceanographers, engineers, economists, social scientists, and industry operators in col-

laborative frameworks that deliver integrated solutions rather than disciplinary reports.

Key Research Questions:
e How do multiple ocean uses interact to create cumulative environmental and economic

effects?

e What optimisation frameworks can balance economic returns, environmental enhance-
ment, and social benefits simultaneously?

e How can real-time environmental and operational data be integrated for adaptive deci-
sion-making?

e How can we ensure the blue economy developments are sustainable across all aspects of
ecosystem functioning, from microbes to charismatic megafauna and from the seabed to
the sea surface?

Immediate priorities include developing system optimisation models that balance economic

returns, environmental impacts, and social benefits across multiple ocean uses. This requires

combining ecological modelling, financial analysis, engineering design, and social impact as-

sessment in integrated platforms that support real-time decision-making.

Adaptive Management Science and Implementation
Adaptive management represents the most critical capability for ocean industry success in the

face of accelerating environmental and market changes, Still, current research approaches
lack the real-time feedback systems and rapid response protocols necessary for effective im-
plementation. Knowledge requirements extend beyond traditional scientific monitoring to in-
clude predictive modelling, decision support systems, and rapid intervention strategies that

maintain industry viability whilst preserving environmental integrity.

Priority Research Areas:
e Development of environmental and biological threshold indicators that trigger adaptive

management responses
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e Predictive modelling systems that anticipate ecosystem, biodiversity and market changes
12--48 months in advance

e Decision frameworks that optimise intervention timing and intensity under uncertainty

e Integration protocols for combining Traditional Ecological Knowledge with sensor-based
monitoring

Research priorities must focus on developing adaptive management frameworks that integrate

environmental and biodiversity monitoring, economic performance tracking, and social im-

pact assessment in real-time decision support systems. Implementation research must demon-

strate how adaptive management principles are translated into actual operational changes in

commercial ocean industries.

Cultural Licence and Social Acceptance Research
Securing community support for accelerated ocean development requires a nuanced under-

standing of cultural values, social dynamics, and engagement processes that foster trust
through demonstrated performance, rather than relying solely on consultation processes. Cur-
rent social science approaches focus on stakeholder identification and consultation proce-
dures rather than understanding how to develop and maintain social licence through industry

performance and community benefit delivery.

Critical Research Priorities:
e Mapping cultural value systems across different coastal communities and their relation-

ship to ocean resources

¢ Identifying performance indicators that build versus erode social licence over time

e Developing benefit-sharing models that create tangible community advantages from
ocean industrialisation

e Creating protocols for meaningful Traditional Owner participation in emerging ocean in-
dustries that respect cultural protocols whilst enabling commercial development

e Emphasise conservation needs for species of cultural importance when planning industrial

developments

Research priorities include understanding how different coastal communities interact with
ocean resources, what factors influence the social acceptance of ocean industrialisation, and

how industry operations can enhance rather than threaten community values and livelihoods.
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Traditional Owner knowledge systems offer essential insights for sustainable ocean develop-
ment, but integration requires research frameworks that respect cultural protocols whilst ac-

celerating practical application.

Industry-Driven Innovation Science
Converting research insights into commercial applications requires understanding industry

development processes, market dynamics, and technology deployment challenges that tradi-
tional academic research often overlooks. Research teams must include industry professionals
who understand commercial constraints, market opportunities, and operational requirements

that determine technology adoption.

Research Focus Areas
e Technology scaling pathways from laboratory demonstration to commercial deployment

at ocean-industrial scale
e Market adoption factors that determine technology uptake rates across different blue
economy sectors
e Regulatory impact assessment on innovation timelines and investment decisions
e (Cost-reduction trajectories for emerging ocean technologies through learning curve analy-
sis
Knowledge requirements include understanding how ocean technologies scale from labora-
tory to commercial deployment, identifying the factors that influence industry investment de-
cisions, and recognising how regulatory frameworks can accelerate rather than constrain in-
novation. Innovation science must focus on reducing time-to-market for ocean technologies,
identifying and addressing deployment barriers, and creating pathways for rapid scaling of

successful innovations.

Environmental Performance and Impact Assessment
Demonstrating that ocean industry expansion enhances rather than degrades ecosystem health

requires a nuanced understanding of cumulative impacts, ecosystem resilience, and opportu-
nities for environmental enhancement. Current environmental research focuses on impact
minimisation rather than identifying how industry operations can actively improve ecosystem
health while generating economic returns.

Knowledge requirements include understanding how multiple ocean uses interact to create

cumulative environmental effects, identifying opportunities for environmental enhancement
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through industry operations, and developing monitoring systems that track improvements in
ecosystem health rather than impact mitigation. This requires combining ecosystem science,
engineering innovation, and performance measurement in frameworks that guide environ-
mental enhancement through industry development.

Specific research priorities include developing methods for measuring improvements in eco-
system health, understanding how integrated ocean systems can enhance biodiversity and car-
bon sequestration, and creating management frameworks that reward environmental enhance-
ment rather than just minimising impacts. Current environmental science cannot deliver these
capabilities within traditional conservation frameworks; therefore, integration with industry

development objectives is required.

Predictive Modelling and Decision Support Systems
Rapid decision-making under uncertainty requires sophisticated modelling capabilities that

integrate environmental, biological, economic, and social data in real-time decision support
systems. Current research approaches focus on retrospective analysis rather than predictive
modelling that guides forward-looking decisions.

Knowledge requirements include developing predictive models for ocean system changes as
well as biodiversity occurrence and space use, creating decision support frameworks that op-
timise multiple objectives under uncertainty, and implementing early warning systems that
trigger adaptive management responses. This requires combining environmental and biodi-
versity modelling, economic forecasting, artificial intelligence, and decision science in inte-
grated platforms that support operational decision-making.

Research priorities must focus on developing predictive capabilities that anticipate system
changes, creating optimisation models that balance multiple objectives, and implementing de-
cision support systems that guide practical management interventions. Traditional research
approaches cannot deliver these capabilities, requiring immediate development of applied

modelling and decision support science.

Technology Integration and Platform Design
Future ocean development relies on integrated platforms that combine multiple industries on

shared infrastructure; however, current engineering approaches focus on single-purpose sys-
tems rather than optimising for multi-use applications. Knowledge requirements include un-
derstanding how different ocean technologies can be integrated, optimising shared infrastruc-

ture design, and managing complex multi-industry operations.




COMMITTEE

Research priorities include developing design principles for multi-use ocean platforms, creat-
ing operational frameworks for integrated systems, and establishing performance standards
that optimise multiple objectives simultaneously. This requires combining ocean engineering,
systems design, operations research, and industry experience in collaborative frameworks that
deliver practical deployment solutions.

The transformation of knowledge systems from disciplinary focus to integrated, industry-re-
sponsive frameworks represents the most critical requirement for accelerating Australia's blue
economy development. Success requires immediate implementation of collaborative research

structures that prioritise practical application over academic publication.

Infrastructure and capability needs

Australia’s ambition to lead in the sustainable blue economy is constrained not by a lack of

vision but by a suite of capability gaps.

Infrastructure Gaps that Limit Knowledge and Commercial Readiness

e Seabed and habitat mapping - About 35% of Australia’s marine jurisdiction is
mapped at high resolution.®® The remaining two-thirds represent a “data desert” that
hinders marine spatial planning for offshore renewables, aquaculture leases, and ma-
rine-protected areas. The economic value of filling this gap, estimated at AUD 9 bil-
lion in 2018/19, underpins decisions ranging from submarine-cable routing to fisher-
ies management.®’

e Ocean-observing and research platforms - The Integrated Marine Observing Sys-
tem (IMOS) 7®"'provides continent-wide stations, gliders, and radars; however, cover-
age remains patchy in northern Australia and deep-water corridors critical to climate
forecasting and resource exploration. Australia also relies on a single blue-water re-
search vessel (RV Investigator),”? whose annual schedule cannot meet the escalating
demand for multidisciplinary voyages. Coastal fleets and autonomous platforms are
similarly sparse,’® constraining rapid response to events such as marine heatwaves and
invasive species incursions.

¢ Biodiversity data, mapping and timing for space use — Although the IMOS Animal

Tracking Facility includes some information on animal space use (mostly through the
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use of acoustic tracking), information on animals distributions and migrations are cru-
cial for biodiversity assessments and conservation management. This is particularly
important for threatened species, including those that are highly migratory.

Digital integration, FAIR data infrastructure and Inter-operability - Despite sig-
nificant investments in the Australian Ocean Data Network, vast volumes of satellite,
genomic and sensor data remain siloed or technically inaccessible, limiting the uptake
of Al and advanced analytics for real-time decision support.!67+7>
Cumulative-impact assessment (CIA) tools - Current environmental approval sys-
tems lack robust, nationally consistent CIA methodologies. Inconsistent definitions of
“cumulative” and “synergistic” impacts within legislation undermine the environmen-

tal rigour of large maritime projects.’®

However, gap-filling initiatives are underway. AusSeabed, 777?CSIRO’s AquaWatchosi

,%%nd the Reef Restoration and Adaptation Programalready address mapping, water quality,

and ecosystem resilience, but each is under-resourced relative to national demand. The Off-

shore Electricity Infrastructure Act 2021 marks another milestone in filling the gap and re-

moving significant prior regulatory uncertainty.

82,83

Workforce and Expertise Deficits

Taxonomy and biodiversity science Declining numbers of specialist taxonomists—the “taxo-

nomic impediment” - leave significant numbers of newly discovered species undescribed,

eroding the scientific basis for conservation and biosecurity. 3%

Interdisciplinary ocean engineers, quantitative biologists, technologists, and data
scientists - Emerging activities such as floating offshore wind, offshore and deep-sea
aquaculture and multi-use platforms require engineers and data scientists versed in ex-
treme-ocean conditions, subsea robotics and systems integration - skill sets that re-
main scarce.?® Jobs & Skills Australia’s 2024 Occupation Shortage List flags short-
ages in (marine) data science, almost all forms of engineering and aquaculture or fish-
eries scientists or technicians, reflecting industry demand for digital capability.
Workforce renewal and diversity - Many senior fisheries stock assessment scientists®’

8991 and female®?

and marine engineers®® are ageing. At the same time, Indigenous
representation across marine STEM remains low, forfeiting valuable knowledge sys-

tems and perspectives.
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Here, too, gap-filling initiatives are underway. Voyages on the RV Investigator double as
floating classrooms, while the CSIRO and the Marine National Facility are running the Indig-
enous Time at Sea Scholarship,”* and James Cook University is delivering the “Aboriginal
and Torres Strait Islander in Marine Science” programme for year 10 high school students.”
Yet demand still outstrips supply, signalling the need for a coordinated national blue-skills

strategy.

Sector Specific Priorities

Table 3 summarises critical gaps in selected blue economy sectors. A critical gap across all of
these sectors is to understand their cumulative impacts on biodiversity and ocean values.

Table 3: Gaps in select blue economy sectors

Sector Critical Gap

Fisheries & Aquaculture e real-time climate intelligence
e digital-literate workforce

e hardened biosecurity

Marine Renewable Energy | @ fine-scale resource data
e grid and port infrastructure

e technology demonstration funds

Marine Tourism e carrying-capacity metrics
e reef-resilience tools

e waste-management infrastructure

Marine Biotech e Dbiodiversity inventory and genomic intelligence
e accessing and benefit sharing
e bioprocessing & scaleup infrastructure

e investment & risk capital

Defence e undersea Domain Awareness
e autonomous and robotic systems

e low-frequency apparent source width acoustics

Marine Data e spatial coverage, deep polar and tropical seas
e high-resolution seabed and coastal mapping
e extreme event, real-time data and assimilation

e interoperability and FAIR data governance
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Partnerships

e National coordination - The Blue Economy CRC promotes industry-led R&D for sev-
eral sectors, but broader alignment across all sectors is necessary. Mission thinking could
reframe Australia’s blue economy as a coordinated “moon-shot,” establishing bold, meas-
urable goals—Iike net-zero maritime emissions and digitally transparent ocean supply
chains—to align government, industry, research institutions, and Indigenous sea-country
custodians towards a shared horizon. Drawing on Mazzucato’s mission-oriented innova-

tion framework,”®%’

strategic public investment and data sharing drive private R&D and
risk-taking in innovative maritime sectors, such as autonomous shipping and genomics-
driven aquaculture. By integrating social and ecological goals into economic activities,
every dollar spent on marine science and infrastructure promotes decarbonisation, biodi-
versity restoration, and inclusive coastal prosperity, fostering an innovative blue economy
for Australia.

e Indigenous partnerships - Embedding Traditional Owner knowledge is not only a social
obligation but a capability gain. Long-term, place-based agreements - similar to Sea
Country Plans on the Great Barrier Reef’® - should resource Indigenous ranger programs
to co-manage tourism, biosecurity, and restoration projects.

e International science diplomacy - Australia cannot address gaps like deep-ocean obser-
vation or marine biosecurity alone. Priority international collaborations should include the
United States, the European Union, and Japan on autonomous ocean-robotics standards
and interoperable sensor networks. The ATSEA program could be leveraged and devel-
oped to foster even closer bonds with our Indo-Pacific neighbours, sharing data and har-
monising permitting across transboundary ecosystems.

¢ Develop Sustainable Funding Strategies - These can be achieved by by (a) aligning
Australian marine science funding with international standards like EU and Chinese in-
vestments, (b) creating incentive frameworks to encourage private sector contributions to
foundational marine research, and (c) establishing decadal funding cycles to support plan-
ning for complex marine challenges along with standardising methods to evaluate socio-

economic benefits from marine science investments.

Progress/Impact Measurement

Headline Metrics
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Australia already tracks its blue-economy transition through a patchwork of economic, envi-

ronmental and social Indicators, such as the AIMS Index.!’! Complementary ecosystem-level

gauges include the Ocean Health Index, where Australia scores 75/100 (ranked 33 out of 220

jurisdictions) in 2024, indicating above-average ocean conditions but room for improvement

in goals such as habitat and carbon storage.!?%!9 Together, these metrics may serve to frame

progress toward a sustainable blue economy.

Sector-specific performance metrics

Fisheries & aquaculture - Government stock assessments cover 102 Commonwealth
stocks; the latest report shows most are biologically secure and not subject to over-
fishing.!® Production value and employment are tracked through ABARES statis-
tics.106

Marine renewable energy - With only pilot arrays operating, progress is measured
through the project pipeline: e.g. RWE’s newly granted 2 GW “Kent” offshore-wind
feasibility licence in Bass Strait, an indicator of future capacity, investment and local
supply-chain growth.!%’

Coastal & reef tourism - The Great Barrier Reef alone contributes A $6.4 b yr-! and
64 000 jobs to the national economy (in 2015-2016), figures used to benchmark post-

COVID recovery and justify reef-protection budgets.'%

Apart from these sector specific measures, Australia released its first national ocean ecosys-

tem (blue-carbon) account in 2022, mapping mangrove, seagrass and salt-marsh extent, car-

bon stocks and shoreline-protection services.

109,110

Translating research into practice

Knowledge transfer relies on sector-specific brokers and national coordination. The Fisheries

Research & Development Corporation’s Extension Officer Network places specialists in

every state to translate R&D outputs “into language fishers understand” and relay practitioner

priorities back into research calls, streamlining the science-to-adoption cycle.!!! Cooperative

Research Centres (e.g. Blue Economy CRC), state agencies, and AIMS/CSIRO routinely co-

design projects with industry and Traditional Owners, while citizen science programmes such

as Eye-on-the-Reef build ocean literacy.!!?

Australia’s forthcoming Sustainable Ocean Plan aims to integrate these efforts, aligning eco-

nomic targets with SDG 14, expanding marine-protected areas, and utilising blue-carbon
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credits.!!? Its success will hinge on embedding clear, comparable indicators and robust feed-

back loops.

Sugeested Improvements for Impact Metrics

Work should commence towards the development of a comprehensive “Sustainable Blue

Economy Dashboard” that brings together metrics along several dimensions:

Integrated social equity and Indigenous-led metrics - Current scorecards rarely re-
port on local employment quality, gender balance, or benefit-sharing with Traditional
Owners. Including indicators such as the number of funded Indigenous sea-ranger po-
sitions or established co-managed fisheries would illuminate whether prosperity is
distributed fairly.

Adopt a national “balanced scorecard” metric - Extending the AIMS Index to
combine economic output with Ocean Health, blue-carbon sequestration and social-
wellbeing indices would give decision-makers a single, regularly updated view of
trade-offs and synergies.

Develop metrics track knowledge-uptake outcomes, not just publications - Evalu-
ating how FRDC extension, CRC workshops or digital decision-support tools change
on-water practice - through practitioner surveys, adoption rates or reduced compliance
breaches - would close the learning loop and justify R&D investment.

Embed long-term baselines into project approvals - Offshore-energy licences now
include environmental monitoring clauses; extending this model across ports, tourism
concessions and coastal infrastructure would generate consistent datasets for adaptive

management.
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Dependencies and Priorities

Australia’s emerging blue-economy opportunity is vast, yet realising its projected A$100 bil-

lion annual value and supporting about 500 000 jobs demands decisive, well-coordinated ac-

tion during the next decade. The recommendations below distil the white paper into two

tightly focused time horizons.

Short-term priorities (0 — 5 years)

e Open national marine data platform

o

o

Generate and refresh publicly accessible environmental, fisheries, energy and
shipping datasets.

Accelerate deployment of observing networks (e.g. IMOS expansions), auton-
omous vessels, Al-driven analytics, modelling and GIS tools.

Provide incentives for industry to adopt sensors, telemetry and other technolo-
gies that promote cross-sector data flow and evidence-based decisions.

Plan to incorporate biological data, including migratory species

o National Indigenous Sea Country Peak Body

o

Establish a well-resourced organisation that embeds First Nations’ knowledge,
custodianship and governance in marine science, policy and management.
Create formal pathways for Indigenous enterprises in aquaculture, conserva-
tion and renewable energy, and ensure equitable benefit-sharing.

See NMSC White Paper “Flipping the Tide” (2025) for First Nations govern-

ance and benefits sharing frameworks. '

e Automation for safer, more efficient data acquisition

o

Invest in robotics, uncrewed platforms and remote operations to de-risk off-
shore work environments.

Harmonise regulatory settings so automated systems can collect high-quality
data at lower cost and with reduced human exposure.

See ‘Engineering, Prototyping & Technology Development—Robotics, Au-
tonomy & Automation’ (2025) for testbeds and deployment.'!®

e Enable co-location of blue-economy activities

o

Build modelling capability that predicts interactions among aquaculture, re-

newables, shipping, tourism and conservation.
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o Use those models to design multi-use marine zones and reduce conflict be-
tween economic growth and ecosystem health.
o See ‘Modeling & Quantitative Science’ white paper (2025) on MQS capabil-
ity, HPC/GPU needs and uncertainty commes.
e Shared whole-of-governments vision
o Create a cross-agency national blue-economy task-force and develop a unified
Ocean Policy that embeds ecosystem-based management.
o Modernise marine spatial planning so all jurisdictions pursue coordinated, sus-
tainable growth.
o See ‘Social Science for Meeting Australia’s Ocean Goals’ (2025) for govern-
ance design, social licence and uptake.'!¢
e Capability building in people and infrastructure
o Fund world-class ships, observatories, laboratories and data centres.
o Launch scholarships, micro-credentials and university-industry programs that
fill skill gaps in ocean science, engineering, robotics and analytics.
o Track growth in enrolments, new facilities and full-time equivalent (FTE) po-
sitions to ensure returns on investment.
o See ‘National Marine Research Infrastructure’ white paper (2025) for capabil-
ity gaps and investment pathways.!!”
e Cross-sector enabling frameworks
o Establish public—private testbeds such as marine-biotech incubators and off-
shore-wind pilot zones.
o Publish and adopt guidelines covering cumulative-impact assessment, low-im-
pact shipping corridors and sustainability certification to build investor confi-

dence from the outset.

Medium-term priorities (5 — 10 years)

o Integrated ocean governance for climate resilience
o By 2030 adopt a refreshed National Marine Science Plan that supports an Aus-
tralian Sustainable Ocean Plan and enables adaptive management of cumula-
tive stressors.
o Use national data systems and advanced modelling to set and monitor cross-

sector targets, ensuring governance is “just, agile and highly integrated.”
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See ‘Marine Climate Interventions’ (2025) for CDR/SRM readiness, MRV

and governance principles relevant to ocean planning.'!'®

e Science to scale sustainable industries and spur innovation

o

Leverage research centres and Cooperative Research Centres (CRCs) to un-
lock new value chains across seafood, offshore renewables, biotechnology and
low-carbon shipping.

Expand aquaculture and sustainable seafood through system thresholds and
R&D; accelerate wind, wave and tidal power with parallel port and grid up-
grades.

Fund high-potential biotech (e.g. algae bioproducts, marine pharmaceuticals)

and nurture regional industry clusters.

o [Evidence-based decision-making through integrated data systems

o

Build cloud platforms that merge environmental monitoring, industry opera-
tions and regulatory compliance into real-time analytics.

Support predictive modelling, decision optimisation and performance tracking
so regulators and businesses can respond rapidly to changing ocean condi-

tions.

o Education, partnerships and marine literacy

o

Embed ocean literacy and STEM programs—including Indigenous-led initia-
tives—throughout schools, TAFEs and universities.

Develop training facilities and simulation systems that prepare graduates for
multidisciplinary offshore operations, environmental management and com-
munity engagement.

Foster international and industry partnerships to keep curricula aligned with
emerging technological and environmental needs.

Cross-reference the NMSC “From Science to Sustainability: Advancing Ocean
Literacy, Education, and Training” (2025) white paper for capability gaps and

investment pathways.'!”

e Evaluation, adaptation and continuous improvement

o

Establish a national indicator suite covering economic, social and environmen-
tal outcomes—e.g. revenue from ocean-tech exports, employment growth in

emerging sectors, technology deployment rates and time-to-market reduction.




COMMITTEE

o Engage industry in defining success criteria and participatory performance re-
views to ensure research translates into commercial and societal impact.
o Update metrics regularly so policies remain responsive to new opportunities,

risks and scientific insights.

Path to impact

Implementing these recommendations will create an integrated knowledge base, equitable
governance structures and world-leading capability in people and infrastructure. Short-term
actions focus on building the data foundations, inclusive governance and enabling frame-
works that unlock rapid early growth. Medium-term actions then harness those foundations to
scale innovative industries, embed adaptive management, cultivate a future-ready workforce
and institute robust evaluation. Together, they chart a pragmatic course toward a thriving,
sustainable blue economy that safeguards Australia’s unique marine environment and biodi-

versity while delivering lasting national prosperity.
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