AQUACULTURE

REWETTED PEATLANDS FOR CO-CREATING RECIRCULATING
AQUACULTURE AND FOR DRIVING AQUATECH - QUO VADIS?

Neil J Rowan

An innovative and award-winning recirculating multi-trophic aquaculture (IMTA) site in the peatlands of the Irish midlands demonstrates how
aquaculture can be tailored to meet food security needs while achieving several circular biceconomy goals such as low cost, zero-waste, zero-
pollution, and production of new value-added products from the generated biomass. Equally important is the fact that it offers easy access to
technological support for business entrepreneurs, policymakers and other multi-actors in the interest of a cleaner and resource-efficient world.
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There is growing interest in supporting and growing aquaculture
and related aquatech that provides safe nutritious food supply and
contributes to global food security by meeting the increasing diverse
needs of our growing populations [1]. This is particularly relevant given
that captured fisheries are now at their maximum sustainable yields [2].
These important aquaculture activities enable the co-creation of new
innovation and products that drive resilience and regional regeneration,
leading to employment, security and economic prosperity.

The ambition to grow aquaculture is framed and tailored into strategic
policies that reflect national goals for economic growth, balanced with
environmental compliance. Meeting complex societal demands in a blue
economy that embraces multi-actor needs is a complex process [3, 4J;
and where there is pressure on fragile resources, including managing
environmental pollution. The Food and Agriculture Organization of the
United Nations (FAO) estimates 35% growth in aquaculture production by
2030 where it is projected to produce substantially more than captured
fisheries by some 6 million tonnes [5]. Indeed, there is an increasing
interest in exploiting low-cost environmental-friendly “natural” processes
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in aquaculture [6]. Next-generation farming is clearly where investor
confidence lies, as attested by USD 295 million (48% of total investment)
in 2024. Nutrition solutions followed at USD 144 million with regenerative
farming securing USD 48 million. Interestingly, RAS sector growth appears
remarkable where producers experienced funding more than double
year-over-year reaching USD 250 million in 2024.

In a recent networking event held in Athlone (Ireland) by Bord lascaigh
Mhara (Ireland's Seafood Development Agency), emerging trends to drive
key technology investment in aquaculture were presented by Hatch Blue
that included (i) health and welfare improvements through diagnostic
tools, feed additives and genetics; (ii) digitalisation and automation of
farm data, water management and feeding systems; (iii) alternative
ingredients exploration for more sustainable feed sources; and (iv) new
farming systems, including intensification, offshore and underwater
solutions. Thus, the availability of appropriate pilot and commercial
demonstration at scale to help aquaculture will provide opportunities
for co-creation and to de-risk for investment in innovation that includes
meeting balanced environmental needs and concerns.
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There is an emerging opportunity to avail of the rewetted peatlands to
grow aguaculture internationally [7], which also enables communities
to pivot away from reliance on using fossil fuels. Peatlands, which
cover about 3% of our planet's land surface [8] are water-saturated
ecosystems of decomposing organic material referred to as “peat”
[9]. Peatlands constitute the world’s largest terrestrial carbon stock,
storing approximately 5 050 gigatonnes of carbon that is greater than
the total carbon stored in forests globally [8]. Moreover, there is a
growing opportunity to develop appropriate and effective recirculating
aquaculture processes using rewetted peatlands that do not discharge
effluent to the receiving environment [10]. A monitored and defined
aquaculture system in the peatlands can be potentially operated to zero-
waste, zero-pollution and climate action principles, as well as meeting
food security needs [10].

One such example is an integrated multi-trophic aquaculture (IMTA)
process, which is a type of aquaculture where the byproducts, including
waste, from one aquatic species are used as inputs (such as fertilisers,
food) for another. Farmers combine fed aquaculture (e.g., fish, shrimp)
with inorganic extractive (e.g., seaweed) and organic extractive (e.g.,
shellfish) aquaculture to create balanced systems for environment
remediation (biomitigation), economic stability (improved output, lower
cost, product diversification and risk reduction) and social acceptability
(better management practices)[1, 10].

Peatlands-based IMTA project in Ireland

Approximately 17% of the land surface within Ireland is covered by
peatlands [10]. Since 2020 there has been a shift towards rewetting bogs
(peatlands) as important carbon sinks along with supporting alternative
eco-friendly innovation [11, 13]. The commensurate use of multi-actor
demonstration sites offers potential bridging solution(s) to supporting
companies and entrepreneurs as this potentially addresses co-creation,
end-to-end testing, scalability, risk mitigation and commercialisation of
new innovation at scale [13]. An IMTA demonstration site in the Irish
midlands at Mount Lucas wind farm, Co. Offaly, Ireland (53°17'3" N -
7-1'45" W) represents a novel peatlands-based aguaculture approach
that has an underpinning circular bioeconomy functionality. It also
offers an exciting opportunity to demonstrate aquaculture/aquatech at
scale where these combined topics constitute one of the fastest food-
producing industries in the world [1, 10] (Figure 1). An aerial image of the
IMTA site is shown in Figure 2.

ireland

Figure 1. Yellow box indicates
geographic location of IMTA
peatlands site in the Irish
midlands.

Figure 2. Aerial drone image of peatland IMTA site in the Irish midlands.

This reflects pressing needs arising from an ever-growing global
population where farmed fish is accepted to be a highly efficient protein
source of nutritional food [14]. Moreover, aquaculture provides food
security and improved nutrition including for territories and countries
that would have limited fisheries [15]. Hatch Blue noted that future
investments in the nutrition innovation space intimated insect-based
feed (USD 68 million) and single-cell protein (USD 44 million) as emerging
sustainable solutions. The role of aquaculture in driving new innovation
is attested by the World Food Prize for transformative fish feed products
and by specific project funding under Ireland's Disruptive Technology
Innovation Fund.

IMTA site demonstrates possibilities

The IMTA peatland system does not use chemical biocides and consists
of four split (pill) ponds for culturing rainbow trout (Oncorhynchus myriis)
connected to an algae and duckweed lagoon with sixteen channels
serving as a natural treatment system (Figure 3). The recirculatory site is
5.4 hectares in size where flow in each split pond is generated and water
is circulated using an airlift. Each D-end fish culture area is equipped
with oxygen and temperature probes connected to paddlewheels to
provide extra oxygen when necessary. Power is supplied by an onsite
wind turbine. The farm is designed to hold a maximum of 32 000 kg of
fish [10].

1
Figure 3. Rainbow trout produced at the Irish IMTA site

The IMTA model will operate as a circular bioeconomy commercial
demonstration site where microalgae and duckweed (Figure 4) biomass
use nitrogen and phosphorus from fish culture (faeces) in waste stream
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channels to return clean water to the D-end pill ponds (schematically
represented in Figure 2). Paolacci and co-workers [26], who assessed
the water quality of this IMTA system pre- and post-treatment with
duckweed, showed that the system can remove 0.78 and 0.38 tonnes
per year of Total Nitrogen and Total Phosphorus respectively. This shows
that duckweed can maintain good water quality in the IMTA system, while
yielding high protein content (21.84 +2.45% ) biomass for potential animal
or human feed applications. The fish waste stream will also be used for
production of onsite freshwater macroalgae in land-based tanks.

Figure 4. Duckweed produced
at the IMTA site that can be
biorefined and fed to fish.

This IMTA system markedly differs from other traditional aquaculture
systems that use water from natural sources (such as rivers and
lakes), which must consider pollutants from external sources (such as
wastewater treatment plants, agricultural run-off and so forth) [15].
Developments onsite include the addition of an innovation suite for
networking and training end-users; a living laboratory that includes an
extended reality suite; and a biorefinery for biomaterial extraction such
as from naturally-occurring duckweed and microalgae, along with the
tank-based macroalgae that will also serve to inform new feed potential
while supplementing the cost of maintaining large stocks of fish in the
D-ponds.

Interestingly, this IMTA framework also addresses the innovation gaps
identified by Aidoo and Kwofie [16] for meeting their proposed conceptual
“circular bioeconomy accounting tool”, which recognises the importance
of fostering harmony between participating stakeholders and developing
an appropriate integrative sustainability assessment relevant to solution
design and performance monitoring. The Irish IMTA site considers use of
public-private partnerships and change of land use under a fair and just
transition for communities, farmers and other end-users[1].

Discussion

In essence, IMTA is a state-of-the-art approach that integrates different
species from various trophic levels in a single aguaculture system [15].
In the case of the Irish Mount Lucas IMTA approach, this involves fish and
photosynthetic organisms like microalgae and aquatic plants, where their
natural relationships enhance efficiency and reuse of waste streams,
producing biomass from cascades[1]. This creates a circular bioeconomy

demonstration environment yielding new value-added products from the
generated biomass [1, 15]. The overarching “circular” reuse approach
involves nutrient recycling where fish pond waste (excreted faeces) rich
in nitrogen and phosphate become a resource for lower trophic primary
producing species in the ponds and channels, thus reducing nutrient
loads and mitigating the occurrence of euthrophication [1]. Essentially,
this establishes a defined naturally-balanced synergistic ecosystem
fostering nutrient flows and inter-species relationships that negate
environmental impact, improve water quality and biomass yield. Nutrient
flow can also be used for onsite production of freshwater macroalgae and
possibly future aquaponic applications.

Optimising this IMTA peatland approach demands strategic design
and effective management, including spatial arrangement for waste
to disperse towards algal and aquatic plant (duckweed) growth areas,
promoting interspecies relationships throughout the entire site [10].
Spatial design also involves the strategic placing of species in proximity
to each other, such as filter feeders adjacent to fish to use waste
nutrients. The roles of subject-matter experts on site is crucial, such
as environmental (civil) wastewater engineers; this ensures effective
managing of water and waste flow for facilitating nutrient exchange and
maintaining optimised growth conditions for all trophic species. This
includes creating the best conditions for natural filtration capabilities
of certain trophic species. Moreover, the site should exhibit stable
hydrology, appropriate pH levels, and minimal pollution to support these
diverse aquaculture species.

This IMTA process will contribute to restoring degraded peatlands
into their natural state, thus facilitating carbon sequestration and an
ecological balance that also mitigates against the use of unwanted
chemicals [15]. Other successful examples of IMTA systems have
been reported globally, such as fish farming in combination with reed
bed filtration systems in the United Kingdom [17]; integrating shrimp
farming with mangrove restoration in Indonesia that reduces erosion
and augments carbon sequestration [18]; and combining salmon farming
with seaweed and mussel cultivation in Canada’s Atlantic region [19] to
improve nutrient recycling and environmental impact.

The Irish government has taken steps towards turning Ireland into
a global bioeconomy leader, promoting access to Mount Lucas as
a national demonstration site for aquaculture and aquatech with a
linked bioeconomy theme [1]. The strategic policies in Ireland that
have global relevance include boosting employment and new business
opportunities in rural, regional, urban, and coastal areas through
innovation products, services and technologies; increasing food and
energy security; supporting climate action by displacing fossil fuels;
promoting a circular economy and reducing waste; providing high-value
diversification opportunities for transforming agrifood systems; and
leveraging research, development and innovation capabilities to address
bioeconomy, societal and environmental challenges [20). The pivotal
role of integrated demonstration facilities in developing tangible bio-
based opportunities at scale (including digital transformation) has yet be
described [16, 21].

Defining a circular IMTA in the peatlands for production of trout,
microalgae and macroalgae biomass provides an excellent example of
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a tangible “in action model” that can be replicated globally [15]. The
mortality on site in the production of trout in Irish peatlands is very low
[1]: however, the site is exposed to the elements where it has experienced
significant challenges in managing the effects of successive storms
and variance in weathering. Thus, this site also enabled modelling and
prediction as to the impact of changing weather events and patterns
on open food ecosystems, to both understand and mitigate against the
impact of climate change [15].

The IMTA site will be connected fully to digital sensors to facilitate the
optimal reuse of waste and sludge. In addition, there will be an onsite
extended reality suite that enables 360° visualisation of the site operation,
including the remote development of bespoke aquatech innovation. Such
a defined IMTA system is in sync with the environment where profiling of
different tropic levels enables eco-labelling (green) for new products that
are compliant with ecology and with nature. The IMTA site at Mount Lucas
does not rely on the use of pesticides or antibiotics, nor the complex use
of physical technologies for end-of-pipe solutions for treating effluent.
Developing such IMTA sites in the peatlands creates new exciting
opportunities in terms of usage, while educating our next generation of
change-makers for a cleaner resource-efficient world.

Summary

Despite the growth and interest in aquaculture globally, there remains
few published studies on the combined use and involvement of key
multi-actors to effectively interpret strategic policies from a bottom-
up user perspective [22]. Essentially, coordinating the co-development
of regional, national and international aquaculture processes requires
the alignment of overarching ambitions with matched consensus on
key performance indicators as these will provide evidence-based data
to help inform repeatability and quantifiable impact.  Open access
and use of shared facilities at the Mount Lucas IMTA site also support
entrepreneurs and companies to test their aquatech and to de-risk for
investment using a “go, no go” approach [1]. The ecosystem of enablers
on site will provide advice to companies, start-ups and entrepreneurs on
the viability of business cases and potential risks for an end-to-end life-
cycle-assessment (LCA) perspective.

The IMTA site, operated through a subject matter expert approach in
aquaculture, also facilitates tailored support and messaging to end-
users for bespoke needs. This includes digital transformation and
the emergence of artificial intelligence and machine learning for new
innovation [23, 24, 25]. The remoteness and complexity of this peatlands
IMTA site offers enormous potential for discovery of new species of
microalgae due to its exposure and tolerance of harsh environments [10]
that can lead to the biorefinery and production of novel new products. The
site operates at the interface between serving innovator/entrepreneur
demonstrator needs and interpreting/informing top-down strategic
policies for food production and security that will also help sustainable
development, given current economic and geopolitical turmoil.

For example, use of next-generation sequencing and bioinformatics of
pond samples revealed a combined total of 982 species from 341 genera
across nine phyla [10]. This is a remarkable and exciting commercial
screening opportunity (such as for cosmetic, pharma and biotech

applications), given that use of conventional microscopy revealed only 20
or so different species. Duckweed that is produced based on use of waste
stream and cascades in IMTA channels can be harvested and biorefined on
site, where it comprises about 30% protein available for animal or human
feed [1]. The aforementioned highlights the opportunities for co-creation
and innovation using a defined freshwater aquaculture site where new
species within an IMTA ecosystem can also potentially be discovered
depending on future geographic locations of peatland rewetting and
replication of process. The nexus to supporting education and training
programmes, including for communities interested in upskilling and in
social enterprises, is apparent and transformative.

In summary, the co-creation of such a peatlands-IMTA site enables new
innovation to be developed and tested in a defined ecosystem that also
accelerates the need to understand and address key pressures, including
meeting biodiversity along with demonstrating at scale for viable
business propositions. This holistic IMTA site also enables development
of aquaculture that will help policymakers understand and tailor strategic
policies relevant to regions and bespoke needs. Such a defined system
that embraces open data-sharing will enable replication in other
geographic regions; however, considerations such as use of native
species of duckweed, fish species and ecology will need to be carefully
considered. Furthermore, the integration of education enables and
supports longevity as it provides a framework to create an ecosystem of
a new highly trained workforce equipped with cross-disciplinary skills.&
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