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Executive Summary
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Aquaculture Industry Challenges

Australian aquaculture industry faces increasing pressures from cost increases 

and regulatory burdens, along with stakeholder and consumer demands for 

improved sustainable practices.  These pressures are compelling aquaculture 

companies to move their production further offshore and/or change their 

onshore processing activities.  Aquaculture operators are predominately 

reliant on diesel generation for their ocean-based operations, while shore-

based facilities like hatchery production and processing use grid supply 

electricity, typically with  diesel backup power. The growing pressures on the 

industry necessitates a transition to perpetual, reliable clean energy sources 

to sustain growth and meet global sustainability expectations. 

Ocean Energy Potential

While aquaculture operators are willing to be early adopters of new 

decarbonization strategies, until recently there have been few available 

options for the sector to adopt and implement. 

To assist the industry, the Fisheries Research and Development Corporation 

(FRDC), in alignment with its 2020-2025 Strategic Plan, launched a co-

investment program in 2022 focused on ėjl·l}¢ªt r scalable alternative 

energy solutions to enhance the resilience and decarbonization of the 

Australian aquaculture industry. 

In response, Project Aquagrid ĊėAquagridĘċ submitted by Climate KIC 

Australia in partnership with the Australian Ocean Energy Group (AOEG), was 

selected as an "early mover micro project" within Seafood Industry !²®±­_}t_Ě® 

ĊM6!Ě®ċ 3- year aquaculture decarbonization program.

Aquagrid was designed to address the reliance on diesel generation, rising 

operational costs, and the limitations  of grid power through ocean energy.  

This is particularly  relevant as the aquaculture industry considers renewable 

energy options as part of their decarbonisation strategy. Additionally, as 

aquaculture considers expansion into offshore environments away from 

shoreline facilities, or remote areas, ocean energy, including wave, tidal,  

current flow energy can be options to replace fuel, gas or battery energy 

where grid- supplied electricity is not available.

While solar, wind, and battery systems are common and proven in land-based 

microgrids, the addition of ocean (wave and/or tidal)  energy generation offers 

a promising solution.  The Aquagrid project tested the hypothesis that  

integrating wave energy with other renewables and storage can yield a more 

reliable, cost-effective and sustainable energy solution than a traditional  

solar-battery setup.

Project Aquagrid Ē Objectives & Approach

Project Aquagrid, the team responsible for delivering FRDC Project 2022-141, 

aimed to validate that  ocean energy integration enhances microgrid reliability  

while reducing emissions.  Using Southern Ocean Mariculture (SOM) as a case 

study in Southwest Victoria, the project documented emissions impacts and 

developed an optimized wave energy microgrid design.  The research included 

energy modelling with HomerPro software, examining various scenarios to 

create a practical, replicable solution tailored to MA>Ě® requirements.

While the detailed results, findings and learnings are documented in the 

report, the project delivered significant success on all objectives.
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Executive Summary continued
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Project Aquagrid Ē Objectives & Approach continued

1. Strategic alignment with FRDC objective:  Aquagrid resulted in a 

scalable wave energy microgrid design aligned with MA>Ě® strategic 

goals.  The project's data-driven methodology offers a replicable 

design model for similar strategic goals for aquaculture energy and 

power needs, demonstrating the broader potential  of ocean (wave or 

tidal)  energy for decarbonization within a microgrid system.

2. Contribution of ocean energy: The addition of wave energy generation 

was forecasted to significantly reduce calculated emissions, improve 

reliability  of electricity supply, reduce energy costs, help SOM avoid 

additional  land requirements and prove scalable with business changes 

and growth.

3. ėAª±t~t®ljĘ design:  The modelling provided a decision framework that  

enabled SOM to determine the optimum scenario(s) to meet their 

business, operating and strategic goals.

4. Emissions Reduction:  Through addition of wave energy, emissions were 

significantly reduced while maintaining reliable energy supply.  This will  

be calculated to  help SOM reduce dependence on volatile grid 

electricity while supporting MA>Ě® pathway to net- zero emissions by 

2050. 

5. Scalability and Replicability: The process by which the microgrid was 

designed is replicable and scalable, and adaptable to wide variety of 

aquaculture operators.  The modelling demonstrated that  additional  

ocean energy devices can be added to a microgrid system, leading to 

increased energy production and reduced emissions.

Attachment 1 documents the design process, providing a guideline for 

aquaculture companies to pursue ocean energy microgrid systems for 

their own operations.

Conclusions

Å The modelling and overall methodology documented a replicable, cross-
sectoral approach that  demonstrated the decarbonization benefits of ocean 
(wave and/or tidal)  energy.  This emphasises the innovative, collaborative, 
and data-driven approach of the modelling which incorporated the practical 
implementation of the modelling of the proposed microgrid system for SOM.

Å The case study approach increased awareness of microgrid energy systems 
amongst commercial producers, and reciprocally, commercial challenges and 
considerations of technology adoption of ocean energy systems.

Å The results highlight wave energy's unique capability  to deliver seasonally 
and diurnally consistent, renewable power for aquaculture operations, 
especially those that  include hatcheries requiring large power demands 
during the night. When complimenting with solar energy, the need for battery 
storage is reduced, compared to stand alone solar power energy systems.

Å An optimum wave energy microgrid design will  enable SOM to eliminate the 
need for additional  land for solar, while enhancing MA>Ě® sustainability 
credentials and reducing dependence on grid- supplied electricity mitigating  
price volatility . 

Å In addition, once operational, the results predict that  implementation of the 
preferred microgrid design will  place SOM on a path to achieving net- zero 
emissions well before 2050 by replacing grid- supplied electricity with  
renewable ocean energy.

Å The project ±l_~Ě® success reflects the balanced focus on technical rigor, 
collaborative design, and end-user engagement. This highlights the 
importance of combining technical innovation with  team alignment, 
proactive government support  and transparent data- sharing to ensure 
positive impacts for industry. 



AQUAGRID

Project 
Overview



10

Introduction
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To achieve key goals of their 2020-2025 Strategic

Plan, the Fisheries Research and Development

Corporation (FRDC) launched a co- investment

program in 2022 to ėjl·l}¢ªscalable alternative

energy solutions for _¬²_h²}±²­lĘto strengthen the

resilience of Australian aquaculture to a changing

climate and help the sector decarbonise.  

Project ėAquaGridĘù(project 2022-141) submitted

by Climate KIC Australia in partnership with

Australian Ocean Energy Group (AOEG), was

selected by FRDCfor project investment and are an

ėl_­}ºmover micro ª­¢zlh±Ęwith Seafood Industry

!²®±­_}t_Ě®ĊM6!Ě®ċoverarching 3-year aquaculture

decarbonisation program.

Aerial view of Southern Ocean Mariculture, Port Fairy, Victoria, Australia 
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Introduction continued
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Aquaculture Industry Challenges

!²®±­_}t_Ě® Aquaculture sector is facing challenges from rising costs, 

regulatory shifts, and sustainability demands. 

Currently, aquaculture operators are predominately reliant on diesel 

generation for marine activity  in ocean-based operations, while shore-

based facilities like hatchery production and processing uses 

increasingly volatile grid supplied electricity, typically with diesel 

backup power

With increasing environmental and social pressures for aquaculture to 

move offshore, securing sources of perpetual, reliable, affordable, 

secure and low risk clean energy is paramount for the t j²®±­ºĚ® future 

prosperity in the face of these escalating pressures. 

To ensure this occurs, the sector must urgently transition to reliable, 

clean energy sources to meet global calls for sustainable practices. 

Early adopters exploring decarbonization may gain competitive 

advantages in domestic and international markets, enhancing access 

and branding.

Limitations

Aquaculture operators are driven to consider renewables due to either a 

lack of power grid access or the presence of weak, costly- to- reinforce 

grids. Coastal networks often only support local seasonal needs, limiting  

aquaculture locations in Australia. Additionally, growth of existing facilities 

is constrained by limited power, restricting options like cool rooms needed 

for export markets.

Potential Solution -  Ocean Energy Microgrids

While land-based microgrids using solar, wind, and battery storage are 

proven technologies, the addition of ocean energy (wave/tidal)  generation 

offers a promising alternative.  The focus of this project was based on the 

hypothesis that  combining ocean energy with  other renewables and 

storage could create a more reliable, affordable,  and sustainable solution 

than typical  solar and battery  systems.  
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Proposed Project

In response to 3L,*Ě® call for ė®h_}_g}l alternative energy solutions for 

_¬²_h²}±²­lĘù ClimateKIC/AOEG submitted a proposal to:

Å Prove the hypothesis --  that  integration of ocean energy enables development 

of a reliable energy network based on the best combination of renewable 

energy sources Ċė±sl sum is greater than the ª_­±®Ęċ. 

Project Objectives

Å Document the energy production changes and reduction in emissions when an 

ocean energy device is connected with other energy generation components in 

a land-based microgrid system.

Å Produce an ė¢ª±t~t®ljĘ design for an integrated wave energy microgrid 

system for Southern Ocean Mariculture.  

Sub- objectives Ē additional  objectives of the Project Team

Since the project aimed to deliver a practical energy solution for an established 

abalone aquaculture operation, the team envisioned it  as a real- life case study 

for future ocean energy microgrid development.

Å Utilise the methodology and design as a blueprint for aquaculture operators 

and ocean energy companies to pursue ocean energy microgrid systems in 

and outside of Australia.

Å Demonstrate the value-proposition for ocean energy, leading to new market 

opportunities.

Desired Project Outcomes

The Project Team aimed for the following key 

outcomes beyond the basic objectives of the project:

Å MA>Ě® strategic and operational objectives are 

met through design of a microgrid system, 

acceptable for implementation.

Å Clearly demonstrate the benefits of adding wave 

or tidal  energy source in a hybrid energy microgrid. 

Å Create practical and replicable process for 

designing an integrated ocean energy microgrid 

system that  is also scalable as part of a 

decarbonisation solution.

Å Produce a blueprint for aquaculture operators and 

ocean energy companies to co-develop other pilot  

(and commercial) energy systems in Australia and 

around the world.

Introduction continued
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Methodology -  Overview
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The illustration below, provides context for where Project Aquagrid exists within an overarching renewable energy 

project development lifecycle for commercial entities.

Concept Design
Evaluate project potential 

& design options

Pre- build Planning
Project Refinement

Business & Strategic 

Assessment
Go/no-decision

Implementation
System Build & Install

Assessment

Modelling & design 

analysis

ęOptimisedĚ jl®tr  

selection

System Engineering 

Permitting, legal

Stakeholders

Implementation & 

Decommissioning Plans

Business & Financial 

Analysis

Funding

FINAL INVESTMENT 

DECISION

Procurement

Assembly & installation

Test & commission

Operate

Produce ElectricityProject Aquagrid
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Methodology Ē Case Study Basis
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SOM Ē a case study

Project Aquagrid was designed 

and implemented as an applied 

research project to investigate 

the addition of ocean energy 

generation into a microgrid 

energy system to provide a clean 

energy solution for a coastal-

based aquaculture company. 

Southern Ocean Mariculture 

(SOM) in South- West Victoria 

served as the basis to produce a 

case-study; where the research, 

analysis and microgrid design 

were based on MA>Ě® actual 

energy and operating data as 

well as their strategic business 

requirements. 

Success of the case study was 

measured by development of a 

hybrid ocean energy microgrid 

model that would: 

Å achieve MA>Ě® strategic and operational 

energy requirements,

Å reduce their cost of energy,

Å reduce dependency on diesel leading to a 

reduction in emissions,

Å avoid expansion of solar infrastructure 

and associated land requirements,  

Å reduce reliability  on the grid while 

maintaining and/or increasing the 

reliability  of energy supply, 

Å strengthen their sustainability credentials 

and increase market access, and 

Å utilise the wave resource adjacent to their 

operations.
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Benefits of AZURA Ocean Technology 

for this project

Å Demonstrated commercial suitability  from 

multiple deployments in conjunction with  

US DoE. (Hawaii /  Oregon /  NZ) confirms a 

Technology Readiness Level (TRL) of 7/8.

Å Established multi -year business relationship 

with SOM and MA>Ě® enthusiasm for 

renewable ocean energy.

Å Dual potential  energy conversion /  onboard 

battery storage.

Å High efficiency capacity factor >50% per 

100kW device.

Å Robust (confirmed operational capability  

>7.5m waves, 2 x Hurricanes).

Å Australian /  New Zealand design & 

manufacture.

Å Australian /  New Zealand owned IP.

Å 24/7 electricity production.

Å Onboard battery storage enables constant 

flow of energy negating inherent 

intermittent  supply from other renewable 

sources.

Methodology Ē Wave Energy

Ocean Energy Microgrid

Concept Design

Project Aquagrid | Final Report | AOEG Principal Investigator
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Methodology Ē Modelling Steps
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Å MA>Ě® strategic and energy requirements were documented.

Å MA>Ě® current calculated emissions were benchmarked.  This included 

their existing 250kW solar system, and their retrospective carbon 

emissions without  solar.  See Emissions Reduction plan Ē Attachment  

3.

Å Energy generation components for the microgrid system were 

identified, with operating requirements assessed based on the 

location of the wave energy infrastructure offshore and on-shore 

facility  location and other energy input hubs.

Å Preliminary wave energy production estimates were created based on 

technology design and wave resource data captured at the SOM site 

in SW Victoria. 

Å Initial  integration issues, including connecting two wave energy 

devices, cable size, and voltage, were also documented.

Å Integration issues were identified between the wave device (operating 

in the ocean), connections among all renewable energy sources, and 

the land-based microgrid.

Å A complete dataset was compiled to begin the modeling process.

The methodology followed a 3-step process summarised below.

Assessment

Å The design process was based on the data collected in the 

assessment phase. 

Å HomerPro Software was used to conduct the modelling.

Å A suite of modelling scenarios and assumptions, and a 

corresponding multi - criteria framework to evaluate the outputs 

of each scenario, were completed. 

Modelling & Analysis

SOM selected the ėgl®± fit  or ¢ª±t~²~Ę concept design(s) from 11 of 

18 scenarios to achieve their strategic and energy requirements (see 

slide 20).

ėOptimisationĘ
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Methodology Ē Data Inputs
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Step SOM/Aquaculture Data Inputs & Assumptions AZURA/Wave Energy Data Inputs

Assessment

Data gathering

ÅDaily energy use

ÅGrid electricity prices

ÅElectricity supply and risks

ÅDiesel use and consumption

ÅElectricity production from existing 200kw solar array

ÅCAPEX Ē diesel, PV, battery

ÅBusiness/company growth projections

ÅEmissions factors

ÅProject life

ÅWave power production estimates based on 

technology design 

ÅWave energy data -  annual estimates

ÅOperating requirements (depth, location 

from shore, etc.)

ÅElectrical requirements (distribution, 

connections, etc.)

ÅWave device Ē CAPEX, LCOE, OPEX

Modelling

HOMERPro 

Software

Scenarios

ÅMulti - criteria framework

Site- specific variables (sensitivities)

ÅSocial license

ÅReliability

ÅFlexibility

ÅScalability

ÅAffordability

ÅEnergy Independence

Evaluated the peaks and troughs of the 

generation cycle to the shore based microgrid 

controller system to achieve improved energy 

flow management integration.  

Optimisation 

Analysis

Evaluated 18 design scenarios; 11 of which are presented in slide 20.

O¸¢ ĊÊċ ®hl _­t¢® ~l± MA>Ě® g²®t l®® _ j l l­rº ¢gzlh±t·l®

See Attachment 2 for detailed results.

Wave energy device (WEC) design 

configuration, including moorings and cabling, 

was finalized,

HomerPro software was the modelling tool used to evaluate a variety of system 

configuration scenarios, alongside key business and operational considerations.  The 

table below identifies key data inputs. 
Assessment
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Methodology Ē Modelling

Project Aquagrid | Final Report | AOEG Principal Investigator

Modelling conducted by Syncline Energy & 

Deloitte Emissions Solutions.

See Attachment-2, Integrated Ocean Energy 

Microgrid Study Scenario Modelling Overview, 

for detailed results. 

Modelling was based on this multi - criteria 

framework.

The modelling tool was HomerPro,  software 

used to optimise microgrid design.

Modelling & Analysis
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Methodology Ē Modelling Output
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The modelling produced multiple scenarios, represented as S1, S2, etc., based on a wide range of 

data inputs and sensitivities. Of the 18 modelled scenarios (S), 11 scenarios have been summarised 

below.  The scenarios and sensitivities together provide sufficient information to provide comparative 

analysis, followed by fine- tuning to the specific requirements of the end-user (see Attachment 2 for 

detailed summary). 

ėOptimisationĘ
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Methodology Ē Learning Journey
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Collated Team Learnings about the appropriateness, rigor and clarity of the methods used in this project

Å The right software is available for future projects! 

Å This was first  time HomerPro software included wave energy.  This 

resulted in new templates created that  accounted for the ocean 

energy component, modification of the software to accommodate 

ocean energy data and identification  of the sensitivities as inputs to 

the modelling.

Å The number configurations and scenarios could be less.

Å HomerPro softward, was very suitable and without  that,  it  would 

have been difficult  to run the sensitivity analysis and the initial  18 

scenarios. Other software tools designed for microgrid modelling are 

available that  may also be suitable.

Å The investment of time to setup HomerPro inputs for wave energy 

was considerable and future projects should get the benefits of the 

setup and datasheets prepared for Project Aquagrid.  Project team 

members, Syncline Energy and Deloitte Emissions Solutions, hold 

licenses for HomerPro.

Appropriateness of the new methodology to 

address our project objectives

Å The modelling was groundbreaking and replicable.  

Å The methodology demonstrated cross- sectoral collaboration 

with definitive decarbonization outcomes through modelling.  

Having an aquaculture producer as part of the research team 

added authenticity and ownership of the learnings.

Å The modelling made possible via HomerPro software was 

invaluable in highlighting the advantages of the selected 

solution against other options.

Å The addition of wave energy generation in the methodology was 

new and required refinement of the modelling inputs. 

Å The methodologies combined with real data sets developed a 

robust output.

Suitability of the tools and techniques
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Methodology Ē Learning Journey continued
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Collated Team Learnings about the appropriateness, rigor and clarity of the methods used in this project

Sufficiency of the data and its sources

Energy Transition Pathway: Modelling identified a phased approach to 

energy transitionēbeginning with  a modest goal of 70% renewable 

energy generation and progressing to greater than 90% renewable 

energy supply over time.

CAPEX Considerations: To find the break-even levelised cost of energy 

(LCOE) for the wave device, the capex was increased in steps from zero 

to an amount where the wave device delivered a positive environmental 

benefit without  economic cost to SOM. This allowed a comparative 

analysis of scenarios under equal conditions. When pre- commercial 

costs were introduced, the additional  expense of adding a wave energy 

device was made evident, though long- term savings were factored in. 

As the up- front cost of wave devices decreases, reaching a break-even 

point will  enhance adoption. 

Data Availability : This site had ample data resources, potentially  more 

comprehensive than other aquaculture locations, due to prior wave 

energy assessments and testing. Quality data on grid, solar, diesel, and 

wave resources, along with  cost and emissions information, allowed for 

a thorough analysis.

Data Diversification for Decision-Making: Integrating data from multiple 

renewable energy sources can enhance the practicality  of decision-making 

for future users of this methodology.

Lifecycle Analysis of Diesel Gen-Sets: Emissions data included not only 

operational fuel use but also emissions generated from maintenance 

activities, providing a comprehensive view of CAPEX and OPEX, making the 

cost comparison more accurate.

Wave Energy Simplification : Unlike ė­²}l- of-±s²~gĘ approaches in the 

solar industry for estimating output based on Bureau of Meteorology solar 

data, there are too many variables to develop a simple rule-of- thumb for 

wave energy.  However, over time and with experience with ocean energy 

microgrids, wave energy data may develop a simplified ę­²}l- of-±s²~gĚ.  

Development of Wave Energy Algorithms: The wave energy industry may 

consider creating algorithms that  generate annual time series data in 30-

minute increments to predict kWh production at shore. This would allow 

the sector to present data like, ėq¢­ this location, the wave resource yields 

an output of XX kWh from an XX kW machine over a specified time 

sequence.Ę
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Methodology Ē Learning Journey continued

Project Aquagrid | Final Report | AOEG Principal Investigator

Collated Team Learnings about the appropriateness, rigor and clarity of the methods used in this project

Assumptions and Sensitivity Analyses: Broad assumptions were 

necessary for the modelling, with sensitivity analyses conducted 

to help address and compensate for certain gaps.

Methodology Adaptation  for Aquaculture: To make the 

methodology more relevant for other aquaculture operators 

considering microgrids, refinements could focus on business risks 

related to reliability,  cost, and environmental sustainability 

under typical energy scenarios (e.g., off- grid, diesel- only, or no 

solar access).

Generic Methodology Constraints: The methods outlined in the 

user guide are inherently generic, which may pose challenges for 

aquaculture entities attempting  to replicate this approach 

without  access to the customized modelling tools developed for 

the case study, limiting  its practical utility  for future adopters.

Integration of Device Characteristics for Comparison: Populating 

HomerPro with data on a variety of wave and tidal  devices from 

manufacturers would enable direct comparison of different 

technologies, aiding in the selection of optimal  systems for 

specific environments.

Engineering Model Innovation:  Wave height and period data was converted into a 

time series for the electrical energy received into the microgrid. This was 

calculated for each half hour in the year and combined with the half- hourly data 

for the PV system and MA>Ě® electricity load. Wave activity  varies between 

seasons and during the day. Accordingly, we used a probabilistic method to 

calculate an average, maximum and minimum estimate for the wave generation 

contribution. The wave data was sourced from nearby buoys.

Wave Energy Output Characteristics: The statement ėV_·l energy has a smooth, 

attenuated ¢²±ª²±Ę may require further clarification  to convey its significance for 

the specific operational context.

Limitations  of Wave Energy Technology in Analysis: This analysis used only one 

wave energy technology. An extended analysis could include:

Å Replacing AZURA wave energy data with equivalent performance data from 

3Ē4 additional  wave energy devices and 1Ē2 tidal  devices of similar capacity.

Å Running scenarios without  pre-existing solar or grid access.

Å Testing with four different load profiles (e.g., scaling factors of 0.5, 2, 4, and 8 

for larger and smaller operations).

Energy Price Sensitivity: Due to uncertainties around future diesel and grid energy 

prices, additional  sensitivity analysis was included to reflect potential  price 

fluctuations.

Future Refinements of the Methodology
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Methodology Ē The Learning Journey continued
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While the results focused heavily on the technical aspects of the project, 

there were additional non- technical aspects that  were equally important  

in achieving project success 

Active End-User Engagement: Success was achieved through continuous, active engagement from the 

end-user, who participated  fully with the team from the ª­¢zlh±Ě® inception through to completion.

Collaborative and Flexible Problem-Solving: The team adopted an equal, collaborative partnership and 

a flexible, iterative approach to address MA>Ě® energy challenges effectively.

FRDC Research Funding: Public funding in the form of a grant provided crucial support, allowing the team 

to commit the necessary time to the project and reducing financial risk for the end-user (SOM).  Local, 

state and/or Commonwealth funding to support decarbonisation innovation is necessary to help 

enterprises reduce the risk of pursuing and adopting energy solutions.

Needs-Based Co-Design Process: The project followed a co-design approach grounded in the specific 

needs of the end-user, ensuring that  the analysis was directly connected to practical outcomes and 

solutions for MA>Ě® energy challenges.

Data Sharing Requirement: Effective design relies on open data sharing. Energy generation providers 

must be prepared to share proprietary information on energy production, while end-users need to provide 

internal data on energy use.

Aligned and Experienced Team: Team AquaGrid was composed of senior- level professionals with deep 

knowledge and experience, all fully aligned with  the ª­¢zlh±Ě® vision. Their collective understanding of the 

challenges and commitment to collaboration was essential to achieving successful outcomes.

Co- design process
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Non- technical aspects of the project (continued)

Strong Stakeholder Relationships: SOM maintains positive relationships 

with key stakeholders, including fishing and diving communities, First 

Nations, local residents, and other shared users, supporting community 

buy- in and project success.

Culture of Innovation: With a long history of innovation, SOM embraced 

fresh perspectives and a novel approach to addressing their energy needs.

Ideal Location for Ocean Energy: MA>Ě® site of approximately 800m from 

shore offered an optimal  setting for the project, with  abundant wave 

resources and a nearshore location that  minimizes cabling costs and 

simplifies permitting  requirements.

Contributions: SOM contributed valuable resources, guidance, technical 

insights, and significant time to support the ±l_~Ě® efforts.

Enhanced Strategic Alignment: The design process fostered stronger 

strategic alignment and mutual understanding between MA>Ě® 

Management Team and its Board, ensuring cohesive support for the project.

Qualities of the End- user
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Results Ē Documenting Project Results and Success
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Important metrics of project success are how well the work and outcomes align with the initial objectives.   

The success of Project Aquagrid is documented in the following slides. 

Core Project Objectives Status Detailed Results

FRDC Objective

Develop scalable alternative energy solutions for aquaculture to strengthen the resilience of 

Australian aquaculture to a changing climate and help the sector decarbonise.
Achieved! See slide 29

Project Objective Ē Ocean Energy

Prove the hypothesis that  ocean energy enables development of a reliable energy network based on 

the best combination of renewable energy sources.

Achieved! See slide 30

Project Objective Ē Optimum System Design

Produce an ė¢ª±t~t®ljĘ design for an integrated wave energy microgrid system that  meets MA>Ě® 

strategic objectives and is accepted for implementation.

Achieved! See slide 31

Project Objective Ē Emissions Reduction

Document the energy production changes and predicted reduction in emissions when an ocean 

energy device is connected with other energy generation components in a land-based microgrid 

system.

Achieved! See slide 33
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Objective
Develop scalable alternative 

energy solutions for aquaculture 

to strengthen the resilience of 

Australian aquaculture to a 

changing climate and help the 

sector decarbonise.

Objective Met!

The modelling documented that  adding 

solar generation alone would not provide 

sufficient energy to meet MA>Ě® 

requirements (due to the intermittency) 

without  the addition of extensive 

storage.  Additional storage would be an 

impractical  outcome.  Expansion of solar 

was also not possible due to lack of 

physical space.  

Yet, adding more wave energy devices 

increased energy generation while 

significantly  reducing emissions. 

See slide 31-S9 and Attachment-2 for 

reference.   

The modelling also demonstrated the 

replicability  of the modelling process. 

See slide 34 for explanation.   
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Objective
Prove the hypothesis 

that  ocean energy 

enables development 

of a reliable energy 

network based on the 

best combination of 

renewable energy 

sources.

Objective Met!

The project results forecasted: 

Å Emissions reduction by ~50% with  2 wave devices, 

delivering 2 x 100kW, and close to 94% of 24/7 energy 

requirements with 4 Azura devices in the waters at SOM (4 

x 100kW) -  (see slide 31 & Attachment-2 for details).

Å Whole of system energy supply consistency improved and 

increased significantly in the off- grid energy scenario.

Å OPEX was lowered.

Å Separate battery storage was avoided thereby saving 

capital  costs of energy storage needs required with solar 

energy alone for nighttime power needs of the SOM 

operation.

Å Load profile with wave devices was better than other 

scenarios

Å Additional land for battery and/or additional  solar was 

avoided which would be an added cost to SOM if they were 

to further expand their existing solar array of 250kW.

Å System scalable for future load increases.

Å Exposure to grid prices was reduced.

Å Potentially eligible for Large Generation Certificates (LGCs).
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Objective
I­¢j²hl _  ė¢ª±t~t®ljĘ jl®tr  

for an integrated wave energy 

microgrid system that meets 

MA>Ě® ®±­_±lrth _ j ¢ªl­_±t¢ _} 

objectives, acceptable for 

implementation 

Objective Met!

The modelling provided a decision 

framework that enabled SOM to 

determine the optimum scenario(s) to 

meet their business, operating and 

strategic goals.
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Objective

I­¢j²hl _  ė¢ª±t~t®ljĘ jl®tr  q¢­ _  t ±lr­_±lj ¸_·l l l­rº ~th­¢r­tj ®º®±l~ ±s_± ~ll±® MA>Ě® 

strategic and operational objectives, acceptable for implementation 

Objective Met!

Benefits of 

Selected

Design 

Meets expected 

load requirements

Significantly 

reduces emissions 

(see slide 31 and 

Attachment-3)

Reduces dependency on 

grid- supplied electricity 

and exposure to variable 

grid prices

Avoids additional 

battery storage

Improved value of the SOM 

brand by strengthening 

sustainability credentials

Avoids additional land 

for energy production 

(eg, solar)

Potential for additional 

revenues from sale of 

excess energy

May be eligible for 

Large Generation 

Certificates (LGCs)

Modelling identified an 

energy transition pathway Ē 

that is, start small/achieve 

70% renewable generation 

and progress to >90% 

renewable energy supply 

over time
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Results Ē Project Objective, Emissions Reduction
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Objective
Document the energy production changes 

and reduction in emissions when an ocean 

energy device is connected with other energy 

generation components in a land-based 

microgrid system.

Objective Met!

The integration of ocean energy in the microgrid, 

along with  ongoing grid decarbonization, significantly 

reduced emissions. Project team member, Deloitte 

Emissions Solution (DES) decarbonization assessment 

highlights that  the target installation  puts SOM on 

track for net-zero well before 2050. Once the ocean 

energy microgrid is commissioned, targeted for FY26, 

it  will  replace much of the grid- supplied electricity 

with renewable ocean energy.

See Attachment-3, 

Decarbonisaton Advice 

Report, for detailed 

results. 
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The modelling demonstrated that  energy 

reliability  of the microgrid was improved 

through addition of wave energy 

resource, leading to reduced risk of 

energy supply.  

Ocean energy provides 24/7 electricity 

generation, helping to offset 

intermittency of other renewable 

generation.  It contributed a ė®~¢¢±st rĘ 

element to electricity production.

Because solar has high rate of change of 

voltage and power output, solar-only in 

microgrids can be unreliable and can trip  

the circuit breakers due voltage spikes.  

Addition of wave energy reduced the rate 

of change of system voltage, creating 

more stable microgrid.  

If land is restricted, the addition of ocean 

energy allows expansion capacity and 

growth of electricity supply.

The modelling demonstrated that  

additional  ocean energy devices can be 

added to the microgrid system, leading 

to increased energy production and 

reduced emissions.   

Based on this result, SOM intends to 

start  with  two (2) wave devices 

delivering 200kW renewable energy 

consistently 24/7, and add an 

additional  two (2) 100kW devices (for a 

total  of 400kW) as their electricity 

demand increases over time.   

Common use infrastructure, such as 

shared cabling, shared power 

management and transmission 

systems, are also a consideration in 

terms of scalability,

The process by which the microgrid was designed is 

replicable.  However, each microgrid system is 

bespoke due to each end-²®l­Ě® specific variables.  

These include:

a) the end-²®l­Ě® individual energy objectives and 

requirements,

b) Resource characteristics, the type of wave or 

tidal  technology and its location relative to 

project site and energy strength,

c) the ocean energy device (wave or tidal)  selected 

for the site may differ and result in energy 

production capacity and corresponding 

operating requirements unique to its operating 

location, and 

d) variable and changeable energy supply 

considerations (eg, costs of grid electricity, 

volume of use and cost of diesel, land 

availability  for other renewable generation, etc.)

See Attachment-1 for A summary of the Aquagrid 

design process.

Energy Reliability Scalability Repeatability



35

Results:  Sub-objectives

Project Aquagrid | Final Report | AOEG Principal Investigator

Beyond the core objectives, the Team wanted to leverage the successful 

results to further benefit the aquaculture and ocean energy sectors.  

These sub-objectives and corresponding results are described in the 

following slides.

Project Sub-objectives Status Detailed Results

Utilise the methodology for the Aquagrid design process 

as a blueprint for aquaculture companies to pursue 

ocean energy microgrid systems for their own 

operations.

Achieved!
See Slide 36 &  

Attachment-1

Demonstrate the value-proposition for ocean energy, 

leading to new market opportunities.
Achieved! See slide 37
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Sub- objective Met!
Utilise the methodology for the Aquagrid 

design process as a blueprint for 

aquaculture companies to pursue ocean 

energy microgrid systems for their own 

operations.

Attachment 1 
provides summary of 

the Aquagrid design 

process. 
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Sub- objective Met!

Demonstrate the value-proposition for ocean energy, leading to new 

market opportunities

Slide 30 documented the benefits of adding wave energy with other 

renewables and storage into a microgrid system (per slide 31 and 

Attachment-2).   The following benefits to the ocean energy industry may 

result from increasing demand for ocean energy microgrid systems.

Å Demand for different types of wave and tidal  devices will  increase as 

a diversity of aquaculture operators and other coastal- based 

businesses pursue development of an ocean energy microgrid 

systems. 

Å Ocean energy technology developers will  be able to secure customers, 

which will  help attract  investment.

Å As the benefits of ocean energy microgrids are demonstrated through 

additional  applications, demand will  continue to increase 

domestically and internationally.
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Results -  Communications

Communicating the results of Project Aquagrid was an important aspect of our project

Project Web Page
A project web page was 

produced to direct 

interested parties to an 

overview of the project: 

www.oceanenergygroup.

org.au/aquagrid

Stakeholder Forum
Team member DES, held a 

breakfast forum with  a specially 

invited group of individuals 

representing a variety of 

organisations. The purpose was to 

seek stakeholder feedback on the 

project results and provide input 

and ideas on ways to progress 

development of the microgrid into 

the next phase.  Attendees 

included: FRDC, DECCA, RDV, 

Iberdrola, Mondo, Exxon Mobil, 

Energise-Renewables, Impact 

Investor and CIS. 

Industry Roundtable
The Project Team held an 

industry roundtable to 

share Project !¬²_r­tjĚ® 

results with aquaculture 

and ocean energy leaders 

and seek their interest in 

adopting a similar 

microgrid system.  

Additional attendees also 

included FRDC, Blue 

Economy CRC and 

Seafood Industry Australia 

(SIA).

Conference 

Presentations
Results from Project 

Aquagrid were 

formally presented at 

Seafood Directions 

and the International 

Conference on Ocean 

Energy in September 

2024. 

Article
FRDC commissioned 

a comprehensive 

article about Project 

Aquagrid, which will  

be completed in 

December 2024.  

http://www.oceanenergygroup.org.au/aquagrid
http://www.oceanenergygroup.org.au/aquagrid
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Results Ē Learning Journey 
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Collated Team Learnings about how well the project results aligned with the project goals & validity of the outputs

Proving the hypothesis

Validated Hypothesis: The 

hypothesis was supported by a 

comprehensive analytical 

framework and extensive 

sensitivity analysis (per slides 27-

32 and Attachments 2 & 3).

Subjectivity of Affordability: The 

concept of "affordability" remains 

subjective. Further data from 

actual system deployment would 

help validate the hypothesis by 

providing concrete evidence to 

supportēor challengeēthe initial 

thesis.

Site-Specific Design Requirements: Each future site will 

require a customized design, tailored to its unique 

variables in renewable energy access and system 

optimization.

Complexity of Off- grid Analysis: Fully off- grid systems 

involve additional complexity. While the SoM model 

included off- grid scenarios, these results may not be 

universally applicable. In many cases, existing diesel 

generators may be too lightly loaded to operate effectively 

alongside wave energy, requiring various generator sizes 

and a sophisticated switching mechanism between units.

Need for Assumptions in Certain Variables: Some 

assumptions were necessary for specific variables. While 

this stage provides a preliminary view of optimal solutions, 

further analysisēincluding business planning, 

implementation strategy, and stakeholder engagementē

would be essential before making a final investment 

decision.

Transformative Results

Breakeven Analysis Framework: The breakeven 

approach revealed the actual costs and benefits 

of each scenario, establishing a precedent for 

others to evaluate integrated microgrids as a 

viable option for current or future clean energy 

planning.

V_·l . l­rº _® _ ę}¢_j g_}_ hl­Ěú A key insight 

was the capability of wave energy systems to 

ę}¢_j-g_}_ hlĚ q}²h±²_±t¢ ® in solar output, 

which can vary rapidly. Wave energy helps 

dimmish sudden changes in the system.

Credibility of Ocean Energy: The AquaGrid 

project addressed numerous unknowns, 

significantly enhancing the credibility of ocean 

energy as a clean energy solution.

Limitations of the Results
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Implications Beyond Ocean Energy Microgrids

Adaptability : The methodology is adaptable to coastal, island, remote 

community, and infrastructure grids.

Application : The process and methodology can be applied to various 

microgrid applications, whether or not wave energy is included, such as 

tidal  energy, waste- to-energy, community energy initiatives,  and other 

emerging renewable technologies.

Economies of scale: Integrating wave energy with aquaculture systems 

offers economies of scale and creates opportunities to export excess 

power to the grid.

Suitability : The methodology is suitable for any integrated renewable 

energy planning. With access to device specifications and output data, 

various modeling combinations can be explored, enriching the data sets 

and enhancing the value of the outputs.

Large-scale project application : There is potential  to use the Aquagrid 

design methodology in large-scale projects incorporating wave energy 

as a power source.

Benchmarking for comparison in future projects

Exemplar Methodology for Comparative Analysis: The AquaGrid 

methodology serves as a model for evaluating and comparing scenarios 

across multiple dimensions, including emissions reduction, fossil fuel 

redundancy, cost analysis, and an integrated systems approach.

Future Methodology Enhancements: The next iteration could further 

highlight wave energy potential  in fully off- grid applications, requiring 

minimal or no additional  solar input.

Broad Applicability  to Aquaculture: The findings are relevant to the 

aquaculture sector, where continuous 24/7 seawater pumping and reliable 

energy supply are critical  requirements, as seen with M¢>Ě® operations.

Foundational Benchmark with  Scope for Expansion: While AquaGrid 

provides a valuable foundation for comparison, future applications should 

broaden in scope to address greenfield sites without  pre-existing 

renewable infrastructure or established cost structures, unlike this 

brownfield example.

Collated Team Learnings about how well the project results aligned with the project goals & validity of the outputs
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Additional Learnings Ē Implementation Prerequisites

While the suitability  of wave technology is a critical  requirement for 

project implementation, other essential factors include securing 

regulatory and environmental permits, obtaining community consent, 

and ensuring robust cost justification .

Additional Learnings Ē Ocean Energy

Wave Energy as a Complementary Power Source: Integrating wave 

energy provided system inertia as well as an effective alternative to 

chemical batteries, functioning like a natural battery with a lower carbon 

footprint  and a more favourable social license. 

Cost-Benefit Analysis: The financial feasibility  of a wave energy microgrid 

can be neutral or even advantageous in locations with  inherent benefits 

for wave energy capture. Factoring in reliability  and sustainability can 

enhance the business case, potentially  converting operating expenditures 

(OPEX) into capital  expenditures (CAPEX) for long- term savings.

Mooring System Considerations: The design and cost efficiency of the 

mooring systems that  secure the devices to the seafloor were identified as 

crucial factors for project success.

Cable Installation  Strategy:  Cabling is a significant cost component.  

Traditional ocean cable installations involve trenching or laying cables on 

the seabed. This project employs a "sub-surface" or tunnelled cable 

installation  method to help reduce cost, minimize ecological and cultural 

impacts while enhancing the h_g}lĚ® longevity and structural integrity.

Collated Team Learnings about how well the project results aligned with the project goals & validity of the outputs
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