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Full integrated aquaponic system for a sustainable
local food production



AQUAPONIC: LOOKING AHEAD

Technic based on the re-use of aquaculture wastes for greens production 
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• RAS + hydroponic system = Integrated Aquaculture System (IAS)

• 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

RAS & INTEGRATED AQUACULTURE SYSTEM (IAS)

RAS “waste”

Nutrient for plant
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RAS + HYDROPONIC = IAS
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• Plant growing to fish tank surface ratio is normally 7:3 
• Larger ratios are needed as solids removal efficiency decreases 

IAS: MAIN COMPONENTS
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AQUAPONICS: HOW DOES IT WORK?

Nitrosomonas spp Nitrobacter spp
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AQUAPONIC SYSTEMS: GROW BEDS  (MEDIA BED)
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The medium characteristics:
Permeable for water and air, inert, not dusty, 
and non-toxic, neutral pH

Most common substrate:
volcanic gravel (a), limestone (b), light 
expanded clay aggregate (c), coconut fiber (d)

a

dc

b



AQUAPONIC SYSTEMS: DEEP WATER CULTURE   (DWC)
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AQUAPONIC SYSTEMS: FILM NUTRIENT TECHNIC (FNT)
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AQUAPONICS: HOW DOES IT WORK?
Biofilter:
• Specific Surface Area (SSA – surface / volume - m2/m3)

• Lower SSA means:

o higher surface available for bacteria colonization

omore efficient and fast nitrification process

Suitable compromise for fish &
plants:
• pH 6-7

• 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 / m2 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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Recommended daily fish feed
rates:
• Leafy green vegetables: 40-50

g/m2

• Fruting vegetables: 50-80 g/m2

Suggested plant density:
• Leafy green plants: 20-25 per

m2

• Fruting plants: 4-8 per m2
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MOST STUDIED VEGETABLE CULTIVATIONS



Carp
Order: Cypriniformes

Family: Cyprnidae

Genus: Cyprinus

Species: C. carpio

AQUAPONIC: FRESHWATER FISH

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

AQUAPONIC: FRESHWATER FISH

AQUAPONIC: MARINE FISH

European sea bass
Order: Perciformes

Family: Moronidae

Genus: Dicentrarchus

Species: D. labrax



AQUAPONIC: MARINE FISH

White Seabream
Order: Perciformes

Family: Sparidae

Genus: Diplodus

Species: D. sagrus

Ghilthead sea bream
Order: Perciformes

Family: Sciaenidae

Genus: Sparus

Species: S. aurata

Red Porgy
Order: Perciformes

Family: Sparidae

Genus: Pagrus

Species: P. pagrus



Shi drum
Order: Perciformes

Family: Sciaenidae

Genus:  Umbrina

Species: U. cirrosa

AQUAPONIC: MARINE FISH

Red drum
Order: Perciformes

Family: Sciaenidae

Genus: Sciaenops

Species: S. ocellatus

Florida Pompano
Order: Perciformes

Family: Carangidae

Genus: Trachinotus

Species: T. carolinus 
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Well, now the questions are:
a. Do we get to an end point?

b. May we improve further aquaculture and IAS 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

SO FAR… NOTHING REALLY NEW, RIGHT?



Novel foods and novel feeds: Insects

 Interesting nutritional characteristics

 Sustainable production:

• High productivity per surface unit

• Low water input

• Short life cycle

• Poor technology
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Why Insects?

High content in:
• Crude Protein: 42-63%

• Lipids:          up to 36%

• Unsaturated FA: 60-70% 

Low content in:
• Methionine & lysine (excepted for silk worms)

• Calcium

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

• Expanding population growth

• Increasing demand for fish

• Increased awareness of the health benefits of seafood

• 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
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Insects production: the international context
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Average

100 kg 
Fish

10 m3

Fish tank 

6 months x 

2 cycles

10 kg/year Fresh

water Fish

consumption

40 
people

Insects production: our breeding

5-day 
old

larvae

20 kg/day
Veg wastes

1 kg 
Feed 

1 kg 
BSF (12 days) 

TILAPIA 
400 kg
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50% input

• Commercial feed (NO FISHMEAL)

• increased sustainability

Insects production: our breeding

50% input

• high nutritional value

• renewable source (sustainable)

• from waste to high quality feed 

1 kg 
Feed 

1 kg 
BSF (12 days) 
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1,6 m2

stacked on 6 

layers

20 m2

Insects production: our breeding
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Where? Metropolis, cities, quarters

Waste from 

supermarket

Waste from 

canteen

Waste from 

residence

Aquaponics

FISH

consumers
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Insect
production 

unit

VEGETABLE



How? Finding sponsors



TEAM

Idea and experimentation

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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 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

 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/1



Moreover:

 the IAS integration with a “insect production unit”, will strikingly

improve the system sustainability

 contemporaneously, the system will facilitate the waste

management at municipality level and, as a consequence, at

country level
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Conclusions/2
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