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AQUAPONIC: LOOKING AHEAD

Technic based on the re-use of aquaculture wastes for greens production

Sustainability

Plants — Fihm
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RAS & INTEGRATED AQUACULTURE SYSTEM (IAS)

* RAS + hydroponic system = Integrated Aquaculture System (lAS)

« RAS wastewater is biologically treated and entirely returned to
aquaculture

* Hydroponic  production  “drives” the aquaculture wastewater
remediation

* The final result is a double food production: fish and greens
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RAS + HYDROPONIC = IAS

Air pump

Fishtank

-----

Wate pump
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IAS: MAIN COMPONENTS

Effluent line

Hvd

Plant growing to fish tank surface ratio is normally 7:3
Larger ratios are needed as solids removal efficiency decreases
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AQUAPONICS: HOW DOES IT WORK?

Ammonia-oxidizing Nitrite-oxidizing

Fish produce bacteria (AOB) bacteria (NOB) :R'?-’;"tﬁ;'-"_” nitrate
ammehla jnwasto consume ammonia consume nitrite (NO,) for plant
i (NH,) and convert it {NO,) -and convert it growth

to nirite (NO,) into nitrate (NO,)

Nitrosomonas spp Nitrobacter spp

%
~AQUAFARM Pordenone fiera, 15-16 gennaio 2017



AQUAPONIC SYSTEMS: GROW BEDS (MEDIA BED)
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Most common substrate: C |
volcanic gravel (a), limestone (b), light
expanded clay aggregate (c), coconut fiber (d)

The medium characteristics:
Permeable for water and air, inert, not dusty,
and non-toxic, neutral pH
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AQUAPONIC SYSTEMS: DEEP WATER CULTURE (DWC)

Fish tank Sump ant growing area
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AQUAPONIC SYSTEMS: FILM NUTRIENT TECHNIC (FNT)

Fish tank Filters Plant growing area
1’ J
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AQUAPONICS: HOW DOES IT WORK?
Biofilter:
* Specific Surface Area (SSA — surface / volume - m?/m?)
* Lower SSA means:
o higher surface available for bacteria colonization
o more efficient and fast nitrification process

Nitrifying bacteria Optimal pH
Suitable compromise for fish & Nitrosamonas spp. 1.2-7.8
P lants: Nitrobacter spp. 7.2-8.2
* pH 6-/

* Temperature 17-34 °C

* DO: 4-8 mg/L (<2 nitrification
decrease  and  denitrification
starts)

* no UV until bacteria population is
established
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AQUAPONICS SYSTEMS: SIZING METHOD

Feed rate ratio (FFR - feed / m? plants growing area)

* The FRR is a summation of the three most important variables:
o the daily amount of fish feed in grams per day,
o the plant type (vegetative vs. fruiting)
o and the plant growing space in square metres.

* By using the amount of feed, it is then possible to calculate how
many fish can be raised based on their average daily feed intake
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MOST STUDIED VEGETABLE CULTIVATIONS
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AQUAPONIC: FRESHWATER FISH

Carp
Order: Cypriniformes

Family: Cyprnidae
Genus: Cyprinus
Species: C. carpio

Trout
Order: Salmoniformes
Family: Salmonidae

Genus: Salmo

Species: S. trutta

Tilapia

Order: Perciformes
Family: Cichlidae
Genus: Tilapia

Species: Oreochromis spp




African catfish

Order: Siluriformes

Family: Clariidae
Genus: Clarias

Species: C. gariepinus

European sea bass

Order: Perciformes
Family: Moronidae
Genus: Dicentrarchus

Species: D. labrax

AQUAPONIC: FRESHWATER FISH

AQUAPONIC: MARINE FISH




AQUAPONIC: MARINE FISH

Ghilthead sea bream
Order: Perciformes

Family: Sciaenidae
Genus: Sparus
Species: S. aurata

White Seabream

Order: Perciformes
Family: Sparidae
Genus: Diplodus
Species: D. sagrus

Red Porgy
Order: Perciformes
Family: Sparidae
Genus: Pagrus
Species: P. pagrus




AQUAPONIC: MARINE FISH

Shi drum

Order: Perciformes

Family: Sciaenidae
Genus: Umbrina

Species: U. cirrosa

Red drum

Order: Perciformes
Family: Sciaenidae
Genus: Sciaenops
Species: S. ocellatus

Florida Pompano
Order: Perciformes
Family: Carangidae
Genus: Trachinotus
Species: T. carolinus




SO FAR... NOTHING REALLY NEW, RIGHT?

Well, now the questions are:

a. Do we get to an end point? \
b. May we improve further aquaculture and |AS sustainability:
c. How we can do?

First of all we have to consider that:
1. the main input in a IAS is the feed
2. input such as water, fertilizers and “drugs/pesticides” are neglectable

Therfore:
* improving feed sustainability is the priority
* Insects represent the right step toward a fully sustainable IAS
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Novel foods and novel feeds: Insects

 Interesting nutritional characteristics
 Sustainable production:
* High productivity per surface unit
* Low water input
* Short life cycle
* Poor technology

uw
W
INSECTS

Edible insects
Future prospects for food and feed security
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Why Insects?

For every kg of beef we consume 15 thousand liters of water, for a
D, kg of insects we need only 100 (www.waterfootprint.org)
R
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Why Insects?

e Expanding population growth

* Increasing demand for fish

* Increased awareness of the health benefits of seafood

e Sustainable breeding strategies in response to the Paris
objectives and the fight against climate change

%
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Insects production: the scientific literature
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BSF: AN EXAMPLE TO GO FROM WASTE TO VALUABLE PROTEIN

Black soldier fly (Hermetia illucens)

Reduce waste
o ~24 days to develop into pupae on 4 Up to 50% reduction in

poultry manure mass
¢ 20 days for adult t
e B = Between 20 and 50%

reduction in phosphorus
and nitrogen in
remaining material

Pupae by-product is a
suitable animal grade
foodstuff

= ~40% protein
= ~30% fat
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Insects production: the international context
The BLACK SOLDIER FLY

King of the upcyclers

Protein meal

Fly

The flies need light and
the right climate to

mate and lay 83s.

SecureFeed
Pupa Eggs Insect proteins ore of the
A complex transformation A batch of 500 to 1000 highest quality and vital
happens. The larvae €835 is laid in cracks & for ol animais.
dissolves and regenerates cravices so they ore sofe.
into a fly.
The Black soldier Lipids
Pre-puve fly lifecycle Young lervee
When larvae are ready to The right environment
become flies, they tum ensures high hotch
dark and migrote to find rates. The health of
a nice ploce to the larvae is
transform into flies. determined in

the first days.

Insect oils & lipids ore high

in lauric ocid and offer
great health benefits.
When larvoe ane 6-8 days old,
they grow very intense and fast
It's here where they build up olf @ Skal
the nutrients for the rest of their -
lifecycle. Ve
. o
Nearly all organic leftovers
can be used as feed for Insect fertilizer is the best fertilizer
insects. There is no need becouse this is the first step in top }\") P ROT l x
for stabilisation. soil health before microbiology. (557
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Insects production: our breedin

water Fish
consumption

6 months x
2 cycles
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Insects production: our breeding

50% input
* high nutritional value
* renewable source (sustainable)
* from waste to high quality feed

50% input
* Commercial feed (NO FISHMEAL)
* increased sustainability

=
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Insects production: our breeding

BSF treatment
facility

Residue processing

.0 =T

\Waste pre-processing Treatment Product harvesting

Larvae refining

Y
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Where? Metropolis, cities, quarters

Waste from
supermarket

Waste from .
canteen prod | Aquaponics

Waste from
residence

consumers

\%
VEGETABLE
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bio per vocazione

How? Finding sponsors
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TEAM

DIPINGERE INSIEWE IL NOSTRO FUTURO

o (o
10K |
— N
IMPIANTI ED ENERGIA

« PROTIX

ldea and experimentation

AMD Communication and disclosure

The system

The larvae
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Expected results

* Development of an efficient aquaponic system.

* Development of a unit for the transformation of organic waste to insects
for fish feeding.

* Creation of a new product at Km 0, with high environmental sustainability.

* Development of a cooperative, sustainable and resilient local culture, in
response to the decarbonisation goals set by the European Union and the
Paris agreement on climate.

=
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Conclusions/1

« Aquaponics presents an opportunity to rethink the indoor fish farming by
using the resources more efficiently

« Aquaponic allows to combine fish and crop production, enabling a
virtuosos production circle

« Food production turn into a more sustainable approach
o Under-exploited lands and buildings are profitably used

« Food can be produced locally and:
« the Food chain is shortened
« transportation and related pollution can be drastically reduced
« food can be freshly consumed (direct harvesting)

. farm profitability can be increased (direct sales)
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Conclusions/2

Moreover:

« the IAS integration with a “insect production unit”, will strikingly
improve the system sustainability

o contemporaneously, the system will facilitate the waste

management at municipality level and, as a consequence, at
country level

=
ﬁUAFABM Pordenone fiera, 15-16 gennaio 2017



References

. FAQO, 2013. Edible insects: Future prospects for food and feed security.
E-ISBN 978-92-5-107596-8.

. FAO, 2014. Edible insects in Lao PDR: building on tradition to
enhance food security. E-ISBN 978-92-5-108308-6.

. FAQO, 2014. Small-scale Aquaponic food production - Integrated fish
and plant farming. ISSN 2070-7010.

. Licamele |, Highfield E., Fitzsimmons K., 2011. Aquaponics short-
course at the University of Arizona, University of Arizona.

. Maucieri C,, Nicoletto C,, Junge R, Schmautz Z, Sambo P, Borin M.,
2017. Hydroponic systems and water management in aquaponics: a
review. ltalian Journal of Agronomy doi: 10.4081/ija.2017.1012.

. Somerville C, Cohen M, Pantanella E, Stankus A, Lovatelli A, 2014.
Small-scale aquaponic food production. Integrated fish and plant
farming. FAQO Fisheriers and Aquaculture Technichal Paper No 589.
Roma.

AQUAFARM Pordenone fiera, 15-16 gennaio 2017



—_ —_

" @Grazie per
. I'attenzione.




