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Abstract

Aquaponics is a food production system which connects recirculating aquaculture (fish)
to hydroponics (plants) systems. Although aquaponics has the potential to improve soil
conditions by reducing erosion and nutrient loss and has been shown to reduce food
production related carbon emissions by up to 73%, few commercial aquaponics projects
in the EU and UK have been successful. Key barriers to commercial success are
insufficient initial investment, an uncertain and complex regulatory environment, and
the lack of projects operating on a large scale able to demonstrate profitability. In this
paper, we use the UK as a case study to discuss the legal and economic barriers to the
success of commercial aquaponics in the EU. We also propose three policies: (1) making
aquaponics eligible for the new system of Environmental Land Management grants; (2)
making aquaponics eligible for organic certification; and (3) clarifying and streamlining
the aquaponics licence application process. The UK’s departure from the EU presents a
unique opportunity to review agricultural regulations and subsidies, which in turn could
provide evidence that similar reforms are needed in the EU.
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Introduction

In 2018, the UK Government released a report attributing 10% of UK greenhouse emissions to
agriculture and a further 28% to transport (Department for Business, Energy, and Industrial
Strategy 2020). These pose notable challenges to a government which has committed to
achieving net-zero carbon emissions (UK Government 2019). In addition, there are many
other global resource challenges, including depletion of fish stocks (Sumaila and Tai 2020),
degradation of soil (Scherr 1999), availability of land (Lambin and Meyfroidt 2011), pesticide-
induced pollinator loss (Stanley et al. 2015), and nutrient loss in both agriculture and
aquaculture systems, potentially causing eutrophication and environmental contamination
(Chakraborty et al. 2017).

The UK Government recognised the environmental and economic problems with agricul-
ture in their “Farming for the Future Policy Update”, which also provides a roadmap for
agricultural policy post-Brexit (Department for Environment, Food, and Rural Affairs 2020).
The policy update suggests approaches such as replacing farming subsidies with financial
incentives for environmentally positive farming interventions, as well as grants to promote
technological and innovative solutions aimed at improving existing farming techniques.
However, one potential technological solution was missing—aquaponics.

Recirculating Aquaculture Systems (RAS) are fish-rearing systems which recycle water and
treat fish waste, which have benefits including saving water and improved fish yields (Goddek
et al. 2015). Aquaponics systems are a subset of RAS which connect recirculating aquaculture
to hydroponics, creating a sustainable, multi-trophic food production system in a closed or
semi-closed loop (Fig. 1). Toxic ammonium from the fish waste is converted by bacteria
present in the biofilter to nitrate taken up for plant growth.

(c) d)

Fig. 1 Schematic of a basic coupled aquaponics system with a fish tank, b sedimenter or clarifier for solids

separation, ¢ biofilter for nitrification, d hydroponics unit (e.g. media bed or deep water culture) which also acts
as a secondary biofilter, and e a sump with pump (Palm et al. 2019)
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Aquaponics may be operated with a semi-closed system, without a dependence on soil
(reducing soil erosion) and with nutrient recycling (removing nutrient loss). An aquaponics
farm does not require arable land and so may be located in areas with arid conditions, poor soil,
or in urban areas where it can reduce the emissions associated with long-distance supply
chains. Aquaponics has been shown to have 72% lower carbon emissions per unit of
production than the better-known and more established hydroponics (Monsees et al. 2019).
Additionally, it potentially addresses sustainability issues by reducing pesticides, overfishing,
and pollution without compromising on yield (comparable to that of hydroponic systems)
(Graber and Junge 2009). The fish produced from these systems are regarded as the animal
protein with the lowest carbon footprint (Flachowsky et al. 2017). The ethical benefits of
aquaponics extend beyond sustainability. They can provide local healthy food and jobs in
urban settings (Proksch et al. 2019) and support teaching of common curricular topics such as
plant growth and nutrient cycles whilst creating nature experiences for children (Genello et al.
2015). They also can serve as social projects for disadvantaged groups or as community-
building projects (Hart et al. 2013).

These characteristics mean there is potential to improve food security, reduce carbon
emissions, benefit communities, and support governmental efforts to address several key
environmental challenges to the agricultural sector. This potential was recognised by the
European Parliament in 2015 when it named aquaponics as one of the “ten technologies
which could change our lives” (Van Woensel et al. 2015). However, there are several
regulatory and economic barriers to overcome before aquaponics can become a well-
established sector.

The current UK regulatory landscape

The UK Government has acknowledged aquaponics as a technology with high potential
(Freeman 2019) but has highlighted the considerable innovation required before it can compete
commercially at any significant level (Black and Hughes 2017). Enterprise-level viability has
been demonstrated in desk research, subject to site testing (such as water quality) (Telsnig
2014), but few commercial aquaponics facilities currently exist in the UK (Villarroel 2018).
This is not surprising given the legal uncertainties.

There is no unified regulatory framework or specific legislation for aquaponic food
production (COST Action FA1305 2018). Aquaponics is such a novel technology that a
search of parliamentary debate transcripts via the Hansard database of UK parliamentary
debates for the keyword “aquaponics” reveals zero results'. Similarly, in Scotland, the only
parliamentary mention is congratulations to a food festival which sourced fish from an
aquaponics farm in 2011 (Scottish Parliament 2011). Unlike single-component RAS produc-
ing only fish, which have been deployed widely in Scotland (Ellis et al. 2016) and with mixed
success in England and Wales (Hambrey and Evans 2016), the combination of fish and plant
production in aquaponics systems means that the regulatory framework is segregated, so it is
unclear which regulatory framework (aquaculture or conventional terrestrial agriculture) takes
priority. The aquaculture side of the business in Europe is with few exceptions regulated by

" https://hansard.parliament.uk/search?endDate=2020-07-23&partial=False&searchTerm=
aquaponics&startDate=1800-01-01
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fisheries and aquaculture bodies (under the EU Common Fisheries Policy for member states)
and the hydroponics side by agricultural bodies (under the EU Common Agricultural Policy).

The ease of obtaining planning permission for aquaponics projects in Europe is highly
dependent on the nature and location of the farm. Planning, building, and water abstraction and
discharge are governed at national and local levels within European Union member states. In
the UK, small, rural farms including polytunnels may not require planning permission. At the
other end of the scale, some countries such as Belgium apply agricultural zoning regulations,
which may render a farm ineligible for permission in urban areas (Joly et al. 2015).

In the European Union, the Directorate General for Maritime and Fisheries (DG MARE) is
responsible for EU policy on aquaculture, regulated under the Common Fisheries Policy
(CFP). DG MARE does not provide specific regulations for the aquaponics industry. Other
relevant EU policy areas for aquaculture include the EU Animal Welfare Strategy, Food and
Nutrition Policy, and Environmental Policy. European aquaculture regulators operate at both
local and national levels, including local authorities and fisheries, veterinary, and environ-
mental bodies. In the UK, the Centre for Environment, Fisheries and Aquaculture Science
(CEFAS), which incorporates the Fish Health Inspectorate (FHI), is responsible for authorising
and inspecting aquaculture businesses and for regulating much of aquaculture operations
including biosecurity, fish movements, imports, monitoring of fish health, and reporting of
disease outbreaks. CEFAS provides a regulatory toolkit specifically for aquaponics businesses
(Centre for Environment, Fisheries, and Aquaculture Science 2020) which greatly simplifies
meeting of the regulatory requirements for the aquaculture side but is unable to give advice
relating to hydroponic production, food safety, or construction of facilities.

The European Union Strategy for Protection and Welfare of Animals (2012-2015)
(European Commission 2021) provides a framework for animal welfare in the EU; however,
for fish species, it is limited in scope and lacks equivalent detail compared to regulations
concerning handling and slaughter of other livestock. National level policies, including in the
UK, are limited to non-binding advice on a few species commonly grown in conventional
aquaculture. Aquaponics famers may choose to adopt certifications relevant to welfare to
advertise their product; however, these may be difficult to achieve for aquaponics businesses.
In the UK, for example, the options include the RSPCA Assured Welfare Standard (RSPCA
2020) (applicable to salmon and trout only, common conventionally farmed species, but rare in
aquaponics), the Aquaculture Stewardship Council (ASC) standards, or organic certification
(which precludes certification of products from recirculating aquaculture).

In the European Union, the hydroponic side of the business falls under the Common
Agricultural Policy (CAP) and is subject to fewer regulations than aquaculture. Aquaponics
avoids one of the larger regulatory issues associated with crop production through an inability
to employ pesticides. The main regulatory considerations of hydroponic production, therefore,
involve planning permission and food safety.

The complexity of aquaponics regulation in comparison to either conventional aquaculture
or horticulture may disincentivise companies or investors due to the perceived hurdles and
additional administrative burden. However, in England, some advice is available (Centre for
Environment, Fisheries, and Aquaculture Science 2020), and the design of aquaponics systems
may render some of the regulatory concerns of conventional aquaculture or agriculture
unnecessary.

Despite the challenges in navigating the disparate policies involved in aquaponic regula-
tion, the sector may have some regulatory advantages over conventional production. Single-
loop aquaponics systems by design are unable to use either medicated feed or pesticides and so
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avoid major regulatory obstacles encountered by producers that employ either. The closed
nature of all aquaponic system designs may lessen the difficulties of obtaining planning
permission compared to conventional flow-through aquaculture. Environmental impact as-
sessments, water abstraction, and discharge licences may not be required, and farms may be
located in areas with less competition for access to open water. EU Regulation No. 304/2011
allows farming of alien species (such as tilapia) in closed facilities such as aquaponics farms
provided that biosecurity requirements are met. It is important to note, however, that differ-
ences in classification of aquaponic waste discharge (manure, treated or untreated water) by
individual countries have implications for the design of aquaponics systems and the permis-
sions required (including for alien species) and may create difficulties in attempting to
duplicate a business model across national borders.

This is a complex landscape of local, national, and EU legislation, all lacking specific
reference to aquaponics. This means that anyone wishing to establish an aquaponics business
has to engage with multiple unlinked bodies with no crossover and little experience with
dealing with the sector. The lack of clarity may discourage potential small businesses and
investors, but given that aquaponics fits within a number of EU policy goals in relation to
sustainable food production, waste reduction, and recycling, there are grounds for its inclusion
in future policy revisions. The UK’s departure from the EU provides an opportunity to update
and streamline national legislation by adding specific mentions of aquaponics to provide
clarity and recognition for the sector.

Economic barriers to the success of aquaponics

Despite the environmental benefits and potential for high yields, the economic success of the
aquaponics industry is mixed. Research from academic laboratories and case studies show
multiple examples of economic viability and high profit potential of aquaponics facilities, with
payback times estimated at around 7.5 years or less if produce can achieve organic food prices
(Watten and Busch 1984; Bailey et al. 1997; Chaves et al. 1999; Love et al. 2015b; Bailey and
Ferrarezi 2017; Quagrainie et al. 2018; Baganz et al. 2020).

Outside of a laboratory setting, however, the reality is different. Aquaponics is better
established in the USA, but a survey of commercial aquaponics companies found that only
31% were profitable in the last 12 months although many of the remaining companies
predicted they would achieve profitability in the next 12-36 months (Love et al. 2015a).
Despite many hobbyists and researchers with aquaponics systems, in Europe, there are fewer
cases of commercial success. A 2017 survey of the European sector by Turnsek et al. (2020)
identified 60 participants involved in commercial aquaponics. Amongst these is an often-cited
example of commercial aquaponics success, Bioaqua Farm, which is a medium-sized facility
based in the UK. Bioaqua Farm produces rainbow trout and seasonal crops in outdoor ponds
and polytunnels. The farm sells value-added produce, for example, smoked trout fillets and
basil pesto, which allows for an increased profit margin. They also deliver courses to industry
professionals and hobbyists and provide both catering and consultancy services, generating
additional revenues. Products are marketed as “natural, ethical, and impeccable”, focussing on
their environmental benefits and taste.

As economic feasibility is currently based on limited commercial data or derived from a
research laboratory setting and/or models (that often fail to account for realistic expenses), it is
difficult to comment with accuracy on the economics of aquaponics. The examples of
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profitable commercial facilities suggest potential but also tell a story of an industry which is
still in its infancy. A survey of European commercial facilities highlights two major chal-
lenges: raising initial investment and administrative/legislative obstacles (e.g. environmental
regulation) (Turnsek et al. 2020).

Failure to raise initial investment is particularly problematic for the industry because
economic viability is dependent on size, with small facilities unable to compete effectively
with large-scale projects (Bailey et al. 1997; TurnSek et al. 2019). Only when they reach scale
can aquaponics projects prove their profitability, but they cannot reach scale without invest-
ment and cannot raise investment without demonstrating profitability (Turnsek et al. 2020).

Administrative obstacles hamper both the potential profitability, and the ease with which
new facilities can start. European Union funding has been advertised for either aquaculture or
hydroponics, and so it has been unclear what aspects of projects encompassing both (i.e.
aquaponics) are eligible for, leading to a lack of applications and funding (Stinton 2016).

Another challenge is organic certification. In the EU, organic certification for plant
production revolves around “nourishing the plants primarily through the soil ecosystem.” As
a result, “hydroponic cultivation, where plants grow with their roots in an inert medium fed
with soluble minerals and nutrients, should not be allowed” (European Commission 2008;
Kledal et al. 2019). The United States Department of Agriculture does not prohibit hydroponic
or aquaponic produce to be certified under the organic standard, and some growers in the USA
have achieved organic certification for plants produced by aquaponics; however, this is not
without challenge. Last year, the Center for Food Safety and a coalition of farmers launched an
on-going legal challenge to prevent soil-less growers from using the term (Center for Food
Safety 2019). The fish waste is a natural fertiliser, but current EU organic certification does not
approve its use.

Fish produced by closed aquaponics systems in the EU also are unable to meet the
standards for organic certification. European Commission Regulation No. 889/2008 prohibits
the use of RAS for organic production, but the introduction to the amendment, Commission
Regulation (EC) No. 710/2009, acknowledges that organic aquaculture is a new and evolving
field. Despite concerns regarding energy consumption in RAS, the lower discharge of waste
and greater biosecurity are advantages of such systems.

The profitability of aquaponics is significantly increased (even halving the payback time) if
organic prices can be generated for produce (Quagrainie et al. 2018). Historically, there have
been no plans to change certification requirements when discussion has arisen (COST Action
FA1305 2018), although legislation is theoretically open for review when new evidence
emerges (Kledal et al. 2019).

The challenges for commercial aquaponics projects unable to sell under an organic label are
further compounded by a lack of public awareness. Fifty percent of European consumers are
unaware of aquaponics and its associated environmental and ethical benefits, making it

authenticity that an organic label would provide, a lack of consumer awareness hampers the
ability to charge a premium price for aquaponics products on a mass scale. The Aquaculture
Stewardship Council (ASC) does allow fish farmed in recirculating systems to be awarded the
ASC label for responsibly farmed fish, one of the few sustainability or welfare certifications
available to aquaponic producers. Consumer bias towards wild-caught over farmed and lower
recognition of the aquaculture compared to the Marine Stewardship Council label (Alfnes et al.
2018) still means that fish produced by aquaponics experiences heavy market competition
from fisheries products. Despite low consumer recognition for aquaponics and certifications
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outside of the organic label, consumers (in a range of countries) have been shown to accept
aquaponics products when they are provided with more information on the technology and its
environmental benefits (Eichhorn and Meixner 2020; Greenfeld et al. 2020). Once educated,
most consumers appear likely to accept crops produced via aquaponics as organic (Gilmour
et al. 2019). These are promising early findings, but the marketing of aquaponic products is
addressed in very few studies (Greenfeld et al. 2019).

In addition to a lack of consumer knowledge, there is also a need for education within the
aquaponics field (Konig et al. 2018). A survey of European aquaponics practitioners highlights
knowledge gaps with regard to performing key tasks such as controlling plant nutrition,
dealing with fish disease, and navigating the regulations for processing and selling fish
(Villarroel et al. 2016). Furthermore, the expertise of aquaponics practitioners tends to be in
either horticulture or aquaculture, not both, and the diffusion of information (particularly
regarding business and regulatory knowledge) between practitioners is slow (Konig et al.
2018). The teaching of aquaponics at a university level is also scarce, though several
organisations have attempted to address this issue. The COST (European Cooperation in
Science and Technology) Action FA1305 aimed to facilitate education in aquaponics by
bringing together cross-disciplinary working groups to network and train. The Action deliv-
ered seven training schools with lecture materials released online” along with a number of
factsheets and open-source publications. The Aquaponics Association has a STEM working
group and made integrating aquaponics into STEM education a focus of their 2020 conference
“Cultivating the Future” (Aquaponics Association 2020). The recent programme Aqu@teach
(Junge et al. 2020) was developed in part “as a response to the lack of adequately skilled
personnel to design and operate aquaponic systems”. Insufficient opportunities and platforms
for knowledge exchange and a limited skilled labour force are barriers to commercial
aquaponics, but the adoption and proliferation of education programmes could go some way
to addressing the latter.

Aquaponics facilities must compete against horticultural farms and facilities which are
entitled to subsidies. For example, in the UK during 2018/2019, subsidies comprised more
than 8% of the income for the average horticultural facility (Department for Environment,
Food, and Rural Affairs 2019). This subsidy may enable horticulture to charge comparatively
lower prices for food. Despite targets in both the CFP and CAP for improving the competi-
tiveness and sustainability of aquaculture and agriculture (Massot 2020), there is no support for
urban agriculture (Curry et al. 2015), and rural sites must cover at least five hectares to qualify
for direct payment subsidies from the CAP (European Commission 2018). Aquaponics is
newly emerging but must compete with horticulture which has well-established farming
techniques, infrastructure, and support.

Similarly, the distribution of EU fishery funds strongly favours maritime and traditional
freshwater aquaculture over aquaponics (Konig et al. 2018). A search of the European
commission’s financial transparency system between 2010 and 2019 using the keyword
“aquaponic” yields only 5 results, whereas there are 88 grants awarded to “maritime” and
“aquaculture” projects in 2019 alone (European Commission 2020). European Maritime and
Fisheries Fund (EMFF) grants awarded in the UK by the Marine Management Organisation
from 2016 to 2020 (Marine Management Organisation 2020) show a similar pattern, with 27
grants awarded to projects with “maritime” and “aquaculture” in the operation name and only
one with “aquaponics”. Despite the potential environmental benefits of aquaponics, both the

2 https://www.youtube.com/EUAquaponicsHub
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aquaculture and horticulture components of businesses are at a funding disadvantage com-
pared with their more conventional counterparts.

It is therefore unsurprising that some aquaponics projects fail, with research attributing being
too early on the learning curve a key reason for RAS project failures (Hambrey and Evans
2016). Whilst there are limited data available specifically for aquaponics projects, because these
projects involve similar concepts, it is likely that they will experience similar challenges. The
lack of commercial projects means that development cannot be pushed forward. As we have
seen with offshore wind in the renewable energy sector, innovative technologies can be driven
by government support to the point where they become commercially competitive, becoming
profitable without the need for subsidies (Jansen et al. 2020). Demonstration aquaponics
projects such as that presented by Baganz et al. (2020) show the potential, but a 12-year
payback period is too long. Without the learning process involved with real-world deployments,
it will be impossible to ever reach the economies of scale needed for aquaponics to achieve
financial sustainability (Goddek et al. 2015; Turnsek et al. 2019; Turnsek et al. 2020).

Policy proposals for the UK and EU

The commercial aquaponics sector in the EU may have been hampered by both the regulatory
environment and the availability of subsidies for their primary competitors, horticultural farms
and conventional aquaculture operations. The UK’s departure from the EU presents a unique
opportunity to review agricultural regulations and subsidies, which in turn could serve as proof
that reforms in the EU are required. This point was not lost on the UK Government. Following
a consultation in 2018, the future direction was set out in the “Farming for the Future Policy
Update” (Department for Environment, Food, and Rural Affairs 2020). On the basis that the
UK Government considers the previous system—the Common Agricultural Policy (CAP)—
“deeply flawed”, a new system of Environmental Land Management (ELM) was set out to
contribute towards the 25-year environment plan and the 2050 net-zero carbon emissions
target.

The ELM system moves away from the generic subsidies offered by the CAP and provides
financial incentives for certain projects designed to improve the environment. These include
using cover crops, planting wildflower margins, woodland planting, and creation or restoration
of carbon-rich habitats such as peatlands, wetlands, and salt marshes. However, despite the
focus on environmental benefit, the only incentive that could apply to aquaponics is funding
for “locally targeted environmental outcomes”. This falls under the second of the ELM’s three-
tier design whereby local people, land owners, and farmers are involved in the planning of
projects in their local area. This tier is designed to provide support for regional needs as
opposed to top-down control of large national or continental projects.

The UK is currently between agricultural oversight systems. Although the UK has formally
left the EU, it is still in a transition state where EU systems continue to operate whilst new
programmes are designed, developed, and launched within the UK. The ELM is not due to
become operational until late 2024, with a pilot system beginning in late 2021 (Department for
Environment, Food, and Rural Affairs 2020). During this interim 3-year period, the ELM will
go through multiple iterations as plans are created, consulted on, tested, and adjusted.

This is a brief window for new ideas to be discussed, and the government is specifically
asking for input and suggestions. In this section, we make three policy proposals to encourage
the development of aquaponics to fit into the new ELM scheme and also to consider policy

@ Springer



Aquaculture International

alternatives for the EU. The first of these is an adjustment to the UK ELM grants to ensure that
aquaponics projects can apply for funding. The equivalent proposal for the EU is to amend the
CFP and CAP such that aquaponics facilities qualify for the equivalent subsidies available to
horticultural farms and that more fisheries subsidies are directed towards aquaponics projects.
The second proposal is a review of organic certification guidelines so that aquaponic produc-
tion methods become eligible for certification. The final proposal is a suggestion to clarify the
regulatory landscape so that clear aquaponics licencing guidance can be offered and the
application process streamlined.

For each proposal, we include a qualitative evaluation based on the Evaluation stage of the
Rationale, Objectives, Appraisal, Monitoring, Evaluation and Feedback (ROAMEF) frame-
work set out in HM Treasury’s Green (HM Treasury 2018) and Magenta (HM Treasury 2020)
Books. The Rationale stage is assumed through the desire of the ELM to create “a productive,
competitive farming sector — one that will support farmers to provide more home grown,
healthy produce made to high environmental and animal welfare standards” (Department for
Environment, Food, and Rural Affairs 2020). Whilst written from the perspective of the UK,
the proposals address global issues for commercial aquaponics: funding opportunities, legis-
lation, and the certification and marketing of produce. We hope that our recommendations can
inform policy making in the UK, EU, and further afield.

Proposal 1: Make aquaponics eligible for ELM grants

One of the aims of the ELM is to improve the resilience of the supply chain (including the
range of supply sources), a goal that could be facilitated by an emerging aquaponics industry
producing food in new locations (including cities). This would shorten the supply chain,
increase food production in the UK, and contribute to food security goals given that only 53%
of food consumed in the UK is produced there (UK Government 2020).

The ELM seeks to improve environmental sustainability (and reduce emissions) by offering
grants aimed at supporting innovative agricultural technologies and equipment. It specifies two
main types of grants:

1. Smaller grants: for improving performance, reducing emissions, and benefiting the
environment

2. Larger grants: targeted at higher-value or more complex investments, aiming to transform
the performance of existing businesses

Whilst the proposed list of smaller grants does not include anything targeted towards
aquaponics, the larger grants category is more flexible and could be open to aquaponics-
related applications. The UK should use the opportunity of switching from the CAP to ELM to
make it clear to investors and operators that aquaponics is a desired food production system
that it sees developing from an emerging industry into an established and growing industry.
As discussed above, securing investment is the main barrier to the realisation of commercial
aquaponics (Turnsek et al. 2020). Without investment potential, aquaponics projects look to
grants but have found the eligibility criteria confusing (Hoevenaars et al. 2018). A Web of
Science search® for the number of peer-reviewed publications in “aquaponics” research shows

3 Keyword: “aquaponics”, filtered for peer-reviewed literature only
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an increase in publications every year, and it is likely that as research into technologies in this
sector moves forward, yields will go up and costs come down.

As such, we suggest that aquaponics be listed as an eligible industry for funding in both the
small and large grant categories (Table 1). The smaller grants would enable new facilities to
open and sustain the losses that are often encountered in the first year of running a complex
aquaponics system (Quagrainie et al. 2018). The larger grants will enable experienced
operators to open large-scale facilities and develop new technologies and systems that will
increase yields or reduce costs

The ELM guidance documentation should be expanded to include specific references to the
value of aquaponics and to direct applicants to the funding available to the industry. The
United States Environmental Protection Agency (2016) provides detailed business planning
documentation covering marketing, operations, and financial strategy for aquaponics opera-
tors. This guidance could form a template for the UK and other countries looking to adopt
similar measures.

The aquaponics industry should be included in the discussions that take place about the
development of the ELM scheme. The ELM states that the UK Government wishes to discuss
and consult with key stakeholders such as the National Federation of Young Farmers Clubs,

Table 1 Policy evaluation of Proposal 1: Make aquaponics eligible for ELM grants

Objectives Provide an alternative to commercial investment, which is currently difficult to obtain
(TurnSek et al. 2020) and is therefore the main barrier to the creation of new
aquaponics projects

Costs If funding is ear-marked for aquaponics, then this will incur costs relative to the
amount of funding provided. However, we propose that aquaponics is simply added
to the list of sectors eligible for the existing grants funding. As such, no additional
funding would be needed

Benefits The smaller grants would enable new facilities to open and sustain the losses that are
often encountered in the first year of running a complex aquaponics system
(Quagrainie et al. 2018). The larger grants will enable experienced operators to open
large-scale facilities and develop new technologies and systems that will increase
yields, decrease costs, and improve sustainability

Social value/equalities ~ Reducing transport miles and bringing food production closer to where it is consumed

analysis is specifically mentioned in the latest UK Government strategy review (Department
for Environment, Food, and Rural Affairs 2020), a goal achievable with greater
practice of aquaponics (Specht et al. 2014) in areas unsuitable for conventional
agriculture or aquaculture. Aquaponics does not rely on access to natural water and
disrupt local water flow or discharge waste and therefore has a lower impact on local
communities and competition for open water access than conventional flow-through
or pen aquaculture

Risks Adding sectors to the list of eligible projects may increase the number of grant
applications. This may increase the administrative burden of the ELM and result in
funding being depleted more quickly

After further development, aquaponics may prove uncompetitive at scale compared to
alternative food production methods

An increase in inexperienced operators starting up new aquaponics businesses may see
new facilities fail to achieve sustainability goals of aquaponics due to operational
mistakes

Implementation Adding aquaponics to the eligibility criteria is an administrative task which requires
updating documentation and ensuring that the application process allows for those
projects to be assessed

Framework based on the Evaluation stage of the ROAMEF framework set out in HM Treasury’s Green (HM
Treasury 2018) and Magenta Books (HM Treasury 2020)
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National Farmers Union, Country Land and Business Association, and the National Trust. We
suggest that this should also include The Aquaponics Association.

Changes to the ELM could address the lack of commercial investment in aquaponics facilities
and the subsidisation of its primary competitors in the UK. Equivalent results could be achieved in
the EU by making agricultural subsidies and grants available for aquaponics under the CAP and
importantly by promoting this opportunity to farmers, investors, and legislators.

Proposal 2: Make aquaponics eligible for organic certification

“Organic” is usually defined as encompassing products that are environmentally and socially
sustainable whilst avoiding the use of artificial fertilisers and pesticides (Department for
Environment, Food, and Rural Affairs 2016). As discussed above, EU organic certification
prohibits both soil-less and Recirculating Aquaculture Systems and therefore excludes both
plant and fish production by aquaponics. This arbitrary distinction prevents aquaponics farmers
from achieving the organic prices that would enable them to flourish. With the UK’s departure
from the European Union, this is a clear opportunity for the UK to take the lead in creating a
regulatory environment friendly to aquaponics. Mitigations to the organic standard could be
made to include aquaponics whilst protecting the sustainability goals of the certification
scheme. Soil-less plant production could be allowed provided that the media used was of
natural origin, met the remainder of the requirements, and could be shown to develop and
sustain a diverse ecosystem equivalent to that of organic soil. Fish production in recirculating
aquaculture could be included with similar caveats to those employed by the RAS Module of
the Aquaculture Stewardship Council (Aquaculture Stewardship Council 2020), namely, water
abstraction and discharge, waste production, and energy use, along with existing welfare (such
as stocking density) and sustainability conditions of the organic standard.

Our second proposal is to allow certification of aquaponic production in soil-less and
Recirculating Aquaculture Systems as organic (Table 2). The UK has a growing demand for
organic products (Nechaev et al. 2018; Zhao and Dou 2019), and the UK organic market is worth
an estimated £2.45bn (The Soil Association 2020). Certification of aquaponics as organic could
help the UK meet this increasing demand. A key benefit of aquaponics lies in its short supply
chain, which could be located entirely within the UK. Existing conventional agriculture and
horticulture farmers who sell their organic produce in the EU would still be able to apply for an
EU organic label and would be unaffected by this modification of the UK certification criteria.

The introduction of this modification allowing hydroponics and aquaponics into the
certification criteria could be accompanied by a marketing scheme with participation of the
newly certified projects. This would boost consumer awareness, discussed above as a barrier to
consumer purchasing, and would provide an incentive for the creation of new projects that
would benefit from being first-to-market through the government marketing scheme.

Proposal 3: Clarify and streamline the aquaponics licence application process

As discussed above, setting up an aquaponics project requires the involvement of up to five
government organisations, with much of the regulatory responsibility falling to the Fish Health
Inspectorate, outlined in the regulatory toolkit developed by CEFAS as guidance for the
aquaculture portion of an aquaponics business (Centre for Environment, Fisheries, and
Aquaculture Science 2020). This uncertainty has hampered investment because of the legal
risk.
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Table 2 Policy evaluation of Proposal 2: Make aquaponics eligible for organic certification

Objectives

Costs

Benefits

Social value/equalities
analysis

Risks

Implementation

Enable the organic certification of aquaponics produce so that organic pricing can be achieved
and investments paid back sooner than the current average of 7.5 years (Quagrainie et al.
2018)

Removal of the criteria tying organic standards to soil and prohibiting artificial tanks or
recirculation systems for aquaculture to allow the certification of aquaponics projects
which meet all other organic criteria would have no additional cost. However, it may be
necessary to conduct further research to create definitions of eligible hydroponics and
aquaculture projects, such as aquaponics which requires no inorganic fertiliser, and to
adapt rules around handling of animal waste to include handling fish waste in line with
food safety guidelines (Kledal et al. 2019). Introducing new requirements for organic
certification may increase administrative costs for the application assessment process.
Further, if a marketing campaign is created, then a suitable budget would need to be set

Without a concerted effort to educate consumers on the sustainability-related benefits of
aquaponics, it will fail to attract higher prices. Organic labels carry immediate consumer
recognition and bring associated halo effects because consumers associate them with
“healthier” products, allowing higher prices. Organic certification will allow aquaponics
projects to increase revenue, improve profitability, and achieve payback on investment.
Consumer awareness will increase

The DEFRA strategy for safeguarding our soils (Department for Environment, Food, and
Rural Affairs 2009) identifies reducing soil erosion, degradation, and depletion as key
challenges, with damages to farming productivity costing around £9 million a year. The
strategy also expresses concerns about the leaching of nutrients into waterways caused by
the application of inorganic fertiliser and conventional flow-through aquaculture systems.
Aquaponic production could provide a solution to increasing the total vegetable and fish
supply without creating a corresponding increase in either production pressure on
soil-based systems or discharge of waste

Higher-priced produce may be unaffordable for some consumers

Organic aquaponics facilities have many ties to the educational curriculum, such as
understanding plant growth and the nitrogen and carbon cycles. Aquaponics sites in cities
can provide local learning opportunities for children that would normally be available only
at a local farm in rural areas. There are examples of these kinds of educational activities
taking place between schools and aquaponics facilities (Nelson 2007). Community gar-
dening endeavours support mental health and wellbeing, and aquaponics could provide
similar community benefits to volunteers at their facilities (Diamant and Waterhouse 2010)

Diverging from the EU organic certification may cause problems during future trade
negotiations. An inconsistent definition between the EU and UK would make it harder to
import and export products, although international trade and the associated carbon cost of
transportation would negate some of the sustainability benefits. This issue could be
mitigated if the organic definition is drafted to apply only aquaponics produce as a
category, which could then be prohibited from export to the EU (or included in later trade
negotiations)

A failure of consumers to accept aquaponics products as “organic” or a perception of a general
weakening of the standard may damage the perceived credibility and value of organic
produce in the UK market. This criticism is most likely to come from within the existing
organic sector, where historical discussions have been slow (Kledal et al. 2019; Flynn
2019). The added burden of soil protection shouldered by organic soil-based farmers may
reduce their ability to compete with soil-less product pricing, resulting in legal challenges
(as is currently occurring in the USA) and disincentivising non-organic farmers from
pursuing certification

Removal of the soil requirement and prohibition of RAS from the certification assessment

Adjustment of the certification would require cooperation from non-governmental certifica-
tion bodies, such as the Soil Association, to administer the organic certification
(Department for Environment, Food, and Rural Affairs 2018). Soil Association priorities
for sourcing feed should be reviewed in light of recent research regarding the effectiveness
of plant (Daniel 2018) and insect-based feeds (Tran et al. 2015), popularly used in
aquaponics facilities as a way to utilise waste streams in fish production

Framework based on the Evaluation stage of the ROAMEF framework set out in HM Treasury’s Green (HM
Treasury 2018) and Magenta (HM Treasury 2020) Books
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Our third proposal is to simplify this process by the integration of the existing CEFAS
regulatory toolkit into a centrally produced DEFRA toolkit (Table 3). Templates could be
created for the common project scenarios to streamline this application process (e.g. small-
scale projects tend not to require planning permission, water abstraction, and discharge
licences). Scenario-specific templates to integrate rules, such as the use of aquaculture
wastewater for crop production, or when fish stocks are imported and transported (regulated
by the Fish Health Inspectorate and the Animal and Plant Health Agency, respectively), would
simplify the application process for these small projects and could allow streamlining of the
approvals procedure. Encouraging communication and overlap between advisory bodies to
develop a cohesive regulatory framework for aquaponics would not only benefit new starters
to the industry during the planning and application process, but also provide longer-term
advantages for the sector. Recent surveys of aquaponics practitioners in Europe show a higher
level of experience and confidence in aquaculture production than in horticulture (Villarroel
et al. 2016; Turnsek et al. 2020). Integrating aquaculture guidance from CEFAS with
agricultural guidance may encourage more individuals with horticultural or agricultural
knowledge into the sector, improving and advancing the currently weaker side of the business.
The increased oversight provided by a cohesive regulatory framework may have a risk
reduction effect, for example, regarding food safety concerns in aquaponics. Guidance on,
for example, nitrate accumulation (Pérez-Urrestarazu et al. 2019) and pathogen control (Weller
et al. 2020) may reassure investors whilst providing robust standards to protect the industry
against a potential crisis.

Investors want to see a route to enterprise profitability, which means operating on a large
scale. Larger projects may require new applications for planning permission, water abstraction,
etc. A clear route to converting the licencing from small to large scale is needed. If there are
legal uncertainties when a project grows to a certain size, this could prevent projects from
starting. Investors expect problems, but legal barriers are often the most challenging because
they are outside the control of the project.

Reducing legal uncertainty requires showing a clear path for applicants (and their potential
investors) to progress through permitting quickly, with clear criteria and guidance for
compliance.

Table 3 Policy evaluation of Proposal 3: Clarify and streamline the aquaponics licence application process

Objectives Reduce legal uncertainty about the regulatory criteria. Streamline the application
process so that applicants may seek advice from a single body with knowledge of
the regulatory requirements for both aquaculture and agriculture

Costs Initial setup costs to coordinate the relevant organisations, define application approval
criteria, and create documentation
Benefits Remove a barrier to investment
Social value/equalities ~ N/A
analysis
Risks This may increase the workload on the Department for Environment, Food and Rural

Aftairs (DEFRA), who would need to take responsibility for coordinating, with
various other organisations. The Aquaponics Association could act as an advisory
body but is based in the USA and may require additional resources to be able to
comment on UK legislation

Implementation Involving all the relevant regulatory agencies would require identifying the licencing
requirements for all the various aquaponics scenarios. These can then be
documented and centralised within DEFRA

Framework based on based on the Evaluation stage of the ROAMEF framework set out in HM Treasury’s Green
(HM Treasury 2018) and Magenta (HM Treasury 2020) Books
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Conclusions

The EU’s CAP provides an important revenue stream for farmers but has failed to offer
sufficient incentives to develop environmentally sustainable production methods. As tackling
environmental damage from soil erosion to greenhouse gas emissions becomes a priority, new
technologies are hampered in their development due to a lack of subsidies, complex legisla-
tion, and arbitrary restrictions on food production schemes which can help them gain main-
stream adoption, such as requirements for organic certification.

Regardless of whether you consider Brexit to be a net positive or negative, the UK now has
a unique opportunity to rectify the “deeply flawed” CAP by writing its own agricultural policy.
The inflexible system of CAP subsidies has been reworked into targeted grants which now
have the possibility to focus attention on environmental outcomes rather than automatic
payments. This transition needs to be combined with streamlined legislation and clear guid-
ance to encourage the development of innovative technologies. Aquaponics is one such
technology that could benefit from this transition. Not only does it have the potential to
prevent soil erosion and nutrient loss, it also can be deployed in urban environments to create
local jobs growing healthy produce.

Greenfeld et al. (2019) surmise that larger systems, higher retail prices, and improved
business plans lead to improved profitability for commercial aquaponics projects. These
universal factors affect the profitability of commercial aquaponics worldwide. Our proposed
policies would support realisation of the initial capital, business guidance, and regulatory
environment to allow greater investment, in turn leading to larger, more efficient commercial
systems that can achieve premium retail prices via their organic status.

The aquaponics industry in the USA is both larger and faster growing than its counterpart in
the EU (Proksch et al. 2019), perhaps, in part accelerated by the eligibility there for organic
certification of aquaponics products (National Organic Standards Board 2017) and the more
readily available business advice and information for aquaponics facilities. This observation
supports the case for implementation of our second proposal in the EU and would also benefit
countries like Israel and Australia that prohibit organic certification of aquaponics produce
(Joly et al. 2015; Milici¢ et al. 2017). However, the organic status of aquaponics in the USA is
not guaranteed, and many members of the National Organic Standards Board (NOSB) who
advise the National Organics Programme (NOP) wish to prohibit aquaponics products from
organic certification (National Organic Standards Board 2017). Other countries following in
these footsteps can expect similar challenges and resistance.

Beyond our proposed policies, which aim to create the initial environment for a successful
aquaponics sector, there are other commercial barriers such as education and marketing. More
education is required to improve systems operations and business plans and provide suitably
skilled labour for a growing industry. Aquaponics is a suitable subject for teaching large parts
of science curricula, and its inclusion in universities (with programmes such as Aqu@teach)
would provide skilled labour for emerging markets. Embedding aquaponics into education
systems also may increase consumer awareness and acceptance of aquaponics products.
Investments in market research will help to understand the consumer and how best to sell
aquaponics products (with or without the organic label) and strengthen retail prices. Globally,
there is potential for a strong niche market if consumers are well informed, but product
preferences vary between countries. The products also may need to be developed or better
understood; research into the nutrient content and sustainability benefits of aquaponics could
further enhance sales.
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In this paper, we have suggested three areas on which the UK Government could focus as it
develops the ELM over the coming months. The opportunities afforded by a move to the ELM
highlight flaws with the EU systems and suggest areas where reform is needed for growth of
aquaponics in both the EU and UK. However, the barriers addressed here are not unique to the
UK and the EU; many countries could stimulate the sector by subsidising aquaponics and
permitting organic registration of its products. Legislation is a big issue in the EU, and
emerging markets may seek to streamline their processes early to facilitate growth of this
industry.

The viability of laboratory-based aquaponics systems has already been proven, and suc-
cessful commercial aquaponics systems already exist in the USA and Europe. In fact, the
global aquaponics market is predicted to grow to US$871 million by the year 2022 (Business
Wire 2017). The wind energy sector has shown how to use government support to push an
innovative technology from high cost to high profit. If the right incentives are implemented,
consumers are made aware of the benefits of aquaponics, and the licencing system is
streamlined, the same can happen for aquaponics in the UK, Europe, and globally. Sustain-
ability is the future of farming, and we hope to see policies that give aquaponics the green
light.
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Common Fisheries Policy; DEFRA, Department for Environment, Food and Rural Affairs; DG MARE,
Directorate General for Maritime and Fisheries; EMFF, European Maritime and Fisheries Fund; ELM,
Environmental Land Management; FHI, Fish Health Inspectorate; NOSB, National Organic Standards
Board; NOP, National Organics Programme; RAS, Recirculating Aquaculture Systems; ROAMEF,
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