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Summary

Aquaponics is a combination of the words aquaculturécultivating fish) and
hydroponics (growing plants in water without soil) and the ecoinnovative
technology behindthe conceptis a combination of the two production systems into
one. It is driven by a nitrobial ecosystem that assists in converting fish effluents into
usable plant nutrients while helping deliver plant nutrients across root cell walls.
an aquaponic system, waters kept in circuation. Waste water from the fish is used
asnutrients in the horticultural part of the sygem where plants take up the nutrients
provided by the fish wasteand cleanse the water before being returned to the fish.
Aquaponics is a resource efficient closed loop food production system, mimicking
nature itself. This relates to cradlgo-cradle design presenting eceffectiveness
moving beyond zero emissios and produce services and products taking into
account social, economic and environmental benefitgicDonough and Braungart,
2002 Braungart et al., 2007Kumarand Putnam, 2008).

Small private and/or educational/research aquaponigystems have been builtin
several placesaround the world and the technology is becoming increasingly
popular. Thee is risinginterest for industrial show casesto test whether it can be a
profitable business to run largescale aquaponic systems, raising fish and plants
simultaneously for the market. Commercialscale facilities, although limited in
number, can now be found across the globe that incorporatmodern technology
based onautomatic control, improved systembalance anchedth and safety.

The conditions to implement an aquaponics industry in Europee currently being
evaluated and several pilot units of different sizes and design have been constructed
in most Europeancountries. Only very few of them reach a production area of more
than a few square meter§m?). However, systems are now planned ohave been
built on amediumscale of a few hundreds and up to a few thousamd®.

Theseguidelines presenta shorthistory of aquaponicsas well aghe current status of
aquaponics development in Europe. The main typesafuaponics system design are
outlined along with guidelines forhow the environmental parameters need to be
controlled. Moreover, in this guiding documentthe production parameters are
described including suitable choices of plants and fish species. The market
conditions, certification and regulatory issues are discussediso including added
value opportunities linked to experience and educational tourms, technology
development and byroducts, e.g. from sludge processing. Finallgonclusions and
future perspectives are put forward.

It is the hope of the authors that the guideline can be of value to aguaponics
hobbyists as well as others who plato develop commercial scale aquaponics. The
guidelines are built on collaboratve work between two European projects the
Leonardo project EuroPonics (www.aquaponics.is/europonicy that focuses on



vocational training in aquaponics and the EASME projecEcoPonics
(www.aquaponics.is/ecoponicg/ which aims to establish commercial aquaponics in
Europe. Further contributors are aquapamics spedalists from the management
committee of the COST Action FA1305The EU Aquaponics Huly Realising
Sustainable Integrated Fish and Vegetable Production for the EU
(www.euaquaponicshub.comy.

Keywords: Aquaponics, aquaculture, hydroponicszero-waste, renewable energy,
tourism
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1 Introduction z What is aquaponics?

Aquapanics is a food production method for producing terrestal plants and aquatic
organisms that combines two traditional production systemsz recirculating

aquaculture and hydroponics Aquaponic systens recirculate and recycle all the
water and nutrients through symbiotic processes preventindischarge of eutrophic
or organic wastes In November 2010,The Aquaponics Gardening Commuhiiyt

forward the following definition:

Aquaponics is the cultivation of fish apthants together in a constructed,
recirculating ecosystem utilizing natural bacterial cycles to convert fish
waste to plant nutrition. This is an environmentally friendly, natural feod
growing method that harnesses the best attributes of aquaculture and
hydroponics without the need to discard any water or filtrate or add
chemical fertilizers.

Aquaponics is an ecosystem of plants, fish, bacteria, sometimes worms /anether

organisms, growing together symbiotically (Fgure 11). The beneficial bacteria
convert the wastewater from the fish into plant food, and the plants filter the waste
water for nutrients before the waterreturns backto the fish.

Aquaponics
Water in Fish tank -
Feed In = = e
T
a—
— The solid removal
filter captures the
Oxygen is added to Solid waste from the fish.
the water and Dissolved Solid out

= , - re
carbon dioxide is gas control
removed.
' COMPOSTING
UNIT

T,‘ N\

Sump ‘ Biofiltration | Biofilters contain bacteria that

converts ammonia into nitrite to
nitrate.
Hydroponics

Figure L1Aquaponic system

- AT U T Aaqdpdnik ysbe@scirculate water and nutrientsfrom fish to plants
to fish as shown in Figure 1and the water quality isspecifically managed to fit the
requirements of the fish species being culture@nd suitable plants are choseto fit

http://community.theaquaponicsource.com/
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the fish environment. It is not always guaranteed that the fish preferences are
completely aligned with the optimum requirements of the plants. This calls for
Al T POT T EOCETC 1T &£ OEA bl AT 080 Jladnidvktddir fuhl A AO
growth capacity. Thereforeanother design has been investigated in which the water
flow is divided into two independent systems that canoccasionallycommunicate
whenever plants need a boost in nutrients or fish require reclaimed water from
plants to dilute the wastes accumulating in the fis subunit. This solution, which is
referred to as a Gdecoupledd system (Figure 12) would better secure optimal
environmental conditions for both the plant and fish production unitsand may
become a cornerstone towards the implementation of large commeral aquaponic
systems.The risk mitigation factor alone has increased the use of decoupled systems
globally. If a problem occurs in the fish or the plant components, each section can be
isolated and run as a standlone aquaculture or hydroponic system, wile the
problem is addressed.

Decoupled Aquaponics
Water in Fish tank
Feed in T —ee———
e
Recirculated water - Uneaten feed and fish faeces

The solid removal
filter captures the

Oxygen is added to waste from the fish.

the water and Dissolved Solid out
carbon dioxide is gas control
removed.
COMPOSTING
UNIT

Biofilters contain bacteria that
converts ammonia into nitrite to
nitrate.

Nutrient in

Hydroponics —— »
SUMP2 | fpimics pant growtn
$. - —

Figure 12 Decoupled aquaponicsystem
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Many options exist for solid waste management in aquapongystems. Discharged

solid wastes may be utilized to create value added products such as compost of on
farm seeding media (Danaher et al., 2011; Pantanella et al., 2011a). Solids can also be
mineralized in a separate loop, allowing dissolved nutrients toelreturned to the
system. Rakocy et al. (2005) described mineralization rates of discharged effluents
from an aquaponic system operated in the US Virgin Islan&gveral idas are being
tested aiming for zero-waste solutions, using the sludge as.g. feed for crayfish,
farming of worms and/or black soldier flies or making fertilizer or biogas through
aerobic or anaerobic digestion.
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2 History of aquaponics

Aquaponic systemshave beendeveloping and the interestin the field has been
increasing, not least due to the pressure to produce more fooith a sustainable
mannerfor a rapidly increasing world populatior(Goddek et al., 2015; Mageau et al.,
2015) Increasing energy costaind dwindling natural resources such as phosphorous
and water (Sverdrup and Ragnarsdottir, 2014re forcing the world to take action
and change presentday food production systems. Scientists and innovation
companies have started national and international collaboration projects for
development and future possiliities of local and sustainable food production.
Innovations include aquaponics, production of insects and otheproducts - what
previously would have been thought of as far flunideas.

One of the main challengesegarding aquaponics and other integratg production

techniquesis to join two or more different production systemstogether. Agquaculture
and horticulture are quite different production technologiesand joining them into a
simple aquaponics circulation may result & stable production system vih optimum

output. However, t has hitherto proved to bedifficult to join skills, knowledge and
traditions from different production cultures.

Aquaponics in the modern era began in areas that are limited in fresh water,
particularly Australia and othearid regions such as the US Virgin Islands. With limited
fresh water resources and an increasing demand for food to supply a growing
population, these regions began to link fish and plant culture together in an
integrated system. While the Australian moveant initially focused on smaiscale
food production, the University of the Virgin Island began to trial commercial levels
of production in an attempt to create a viable industry.

2.1 University of Virgin Islands UV

The pioneers in aquaponics include scigsts at the University

of Virgin Islands(UVI), led by Dr. Jim Rakocy who began
aquaponics research in the late 1970s. This system has been
the inspiring layout of several commercial systems ithe US

and systems built by several growers and researchers
worldwide. The Unversity of Virgin Islandshas been active in
aguaponics research for more than thirty years and has a
globally recognized aquaponics education program. The system developed at UVl is a
raft hydroponic system and the aquaculture part focuss on tilapia production
(Rakocy, 1989; Rakocy and Hargreaves, 1993; Rakocy, 1997; Rakocy et al., 1997;
Rakocy et al., 2003; Rakocy et al., 2004a; Rakocy et al., 2006a; Rakocy et al., 2006b;
Rakocy et al., 2007; Rakocy et al., 2012).
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Figure 2.1UVI aquaponic system diagram (Rakocy et al., 1997)

A continuous operation was run at UVI for 2.5 years (199997) with red tilapia and
leaf lettuce production (Rakocy et al., 199Rakocy et al., 2007).The system(Figure
2.1)staggered fish production usingfour fish rearing tanks, each withv.8 m* water
volume (total 31.2m°%), two cylindro-conical clarifiers 8.8 m® each), four rectangular
filter tanks (0.7 nT each) containing orchard netting, six hydmonic tanks (11.5
each) and a sump (0.6 f). The hydroponic tanks were0.5m long by 12 m wide by
0.4 m deep and had a combined surface area of 21 Whus, the surface area to fish
tank volume was6.85 m7m>. The water volume wasl10m®. A 0.5hp indine pump
moved water at an average rate of 378 L/min from the sump to tffish rearing tanks
(mean retention time of water 1.5h), from which effluent flowed with gravity
through the system. Air diffusers were used both in fish and hydroponic tanks
through airstones supplied by air from a 1.5 hp blower for fish and 1 hp blower for
plants.

The dailyfish feed input averaged 12 kg equivalent to 56 gfplant growing area. The
waste water from the fish was only supplemented with potassium (K), calciuma)C
and iron (Fe) to provide sufficient amounts of the essential nutrients for normal plant
growth. Potassium and calcium were supplied as hydroxides, also serving to raise the
pH while supplementing these nutrientsThese additions were equivalent to 16dl
KOH, 3.3 g CaO, 13.7 g Ca(Q(rjore economical than CaO) and 6.0 g iron chelate
(10%) per kg ofish feed. The annual production of tilapia was 3,096 kg and the
lettuce production was projected to 1,694 cases (appr. 11 tons), or appr. 3.5 tons
lettuce per ton tilapia produced and the land usewvas 0.04 ha, which can be
considered being a smatb medium scale system.
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2.2 Developing units inEurope

Aquaponic systems are being developeid several places in most if not all European
countries. Most of the systens are small hobby or research unitén recent years a
few semicommercial pilot units have beemput to the test and thesesystemsprovide
excellent information for the future developmens.

The SMEBreen® in Hondarribia, Spain has developed a

y . system of 500 M during the last five yeargFigure 22) and is

‘ {! . ﬁ, expanding to a two thousand square meterproduction
system (Figure 23) in Renteria at Tknik&, the Centre for
BREEN Investigation and Applied Innovation in VET (Vocational
BREEDED N OREEN Education and Training) Theinstallations at Tknikawill serve
as the mainhatchery of tilapia for production installationsas

research laboratory and as a national and inteational training facilities in
aguaponics.
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Figure2.2 Breen aquéponics pilot unit in Hondarribia, Spéin

Breen’s systems have always been run with tilapia production and many different
plants have been tested in the systems, including salads, variety of herbs,
tomatoes, peppers and oranges. The aquaponics development at Breen started in
2010 and the companyhas made several test units built on growed, raft and
nutrient film technique (NFT)- see further descripton of the different systems in
Section 3.4below.
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Figure 2.3 Hatching facilities at Tknika

Avww.breen.es

3 www.tknika.eus
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Figure.4 New 6000 n? comrhercial aquaponics &rm under construction

Breen has associated withrainvestor group called NERThisallianceis constructinga
new aquaponicsproduction unit of 6,000 m? to produce up to 125 tos of tilapia, 15
tons of tomatoes, 6 tons of strawberries and up to 50000 salads per yearThe
installation is situated close to the pilot unit in Hondarribia and iplanned to start
operation mid 2016 and be in full production a year latePhotos from the
construction siteare shown in Figure 2.

Institute of Global Food and Farming (IGF£)n Denmarkhas
developed a decoupled aquaponics unit of 60 T(Figure 25).

_ The IGFF unit consists of six plant tables arranged in three
IG@FF pairs of 1.45 x 7.50 non the top of three rectangular fish
Institute of Giobal Food & Farming  tanks (3 X 1 x 0.8 m) with a usable volume of 2 each. Plant

tables produce horticulture products in pots withsoil and

compost to open up for the prospect of getting an organic
certification for the aquaponic system.Soil is used because tobtain an organic
certification requires plantsto be grown in various specified types of soil. Silver
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Figure 2.5 IGFF aquaponics pilot unit

4 www.igff.dk
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tilapia, red tilapia and pike perch have beetested as fish species and various plants
such as lettuce, basil, tomates and peppers have been grown successfully on the
plant tables.

Figure 26 shows a schematidrawing of the system. Water to the plants is supplied
bytheOAAA AT pgincille. Toxsécure as muchs possibleplant growing area in
the greenhouse cubethe bio-filter, UVHighting, air pumps, pH regulation and sedi
mentation tanks are phced outside the cube (Figure 2). The oxygen supply to the
fish tanksis secured by three indepndent air blowers. The tanks are connected to a
central water discharge linethat ends in two sedimentation chambers. These
chambers do not only serve as piitration systems but also as pump sumps. Each
chamber is connected to one separate lift pumpproviding a pumping capacity of
around 15nVh. The total water flow is split into two independent loops. In one of
them, the fish loop, the pumpssupplywater to a beadfilter that acts as a mechanical
as well as a biological filterThis loop hadn-ine ultraviolet disinfection system (UV
system). From the UV system the water can be led to the plant tables and/or directly
back to the fish tanks located beneath the plant tables. The water from the plant
tables can also enter the fish tanks by gravity oak directly be discharged into the
main discharge line and the sedimentation chambers.

In the second loop (plant loop) the lift pump supplies the water directly back to the
plant tables from where it entes the fish tanks. Both lift pumps are frequency
regulated, and the plant loop pump is equipped with a timer that allows to preet
pumping time and-duration to follow a Gebb and flowd watering schedule of the
plant tables(Kledal, 2012)

Figure 2.6 Schematic diagram of the IGF Figure 2.7 Biofilter, UV-lighting,
aguaponics pilot unit sedimentation tanks and airblower
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The Icelandic company Svinneerkfraedi Ltd®> has in
. collaboration with the University of Iceland implemented a
SVINNQA RAS system with tilapia in the greenhouses of Akur, an organic
VERKFRAEDI EHF  greenhouse horticulture farm in South Iceland. The RAS
system is connected to an NFT system with okra, tomatqes
beans and lettuce. The fish wastewater nutrient solution is
also used for irregation of the organic soil production. The
aquaponicsystem consists ofthree 4 nt fish tanks, a drumfilter, a biofilter, a sump
tank and NFT pipes for larger plantsee Figure 3.

Svinna has developed aquamic systems since 2013 and has run tests with grow
beds, raft and NFT with several other plant type$he setup today is partly decoupled
as part of the water is used fowsoil irrigation and the plan is to move more in that
direction to secure optimum comlitions for both fish and plants. The company is now
adding crayfish to the system to make use dfe sludge from the fish tanks.
Furthermore,a worm bed is used for plant waste. Thus, zemaste isobtained in the
system. The company aims to link educatiml and experience tourism to the
production showing the water and nutrient cycleshow waste from one production
unit is turned into value for the next oneand how sustainable geothermal energy is
used for the production The future ideas also include aestaurant serving the
products from the system Moreover, further research is planned for future
development andexpansion ofproduction.

Figure 2.8 Svinna aquaponics pilot unit in Laugaras, Iceland

S www.svinna.is
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Nibio® (former Bioforsk) in Grimstad South Norwayhas since
2010 been involved in aquaponics developme(®kar, 201Q)
The institute developed and implemented a test system in

- 2013, based on cold water fish and has tested brown trout and
rainbow trout in the RAS system together with salad
production in a raft system see Figure 3. The system has
been running stable with a weekly production of salad. The

system atNibio includesfour 1 n? fish tanks and two 15 fhraft basins. Mechanical

filtration is performed at each tank and through a bead filter which also serwas
biofilter. Furthermore, a trickling filter provides additional biofiltration and aeration.

Figure 2.9 Nibio aquaponics pilot unit in Grimg&d, Norway

The SMEPonika’ in Slovenia has built a 400 fcommercial

aguaponic systenrecently starting up production The system

is situated in the heart of the Landscape @&k' | OEEé ET AT A
Natura 2000 site The RAS system has largemouth bass and the

plants grown are chives, peppermint, basil and lemon grass in

495 rafts, see Figure 2.10
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Figure 2.10Ponika aguaponics pilot unit inPrekmurje, Slovenia

& www.nibio.no
"www.ponnod.com






























































































































