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Land Acknowledgement

We acknowledge that STEM Minds is on the traditional
territories of the Wendat, the Haudenosaunee, and the
Anishinaabe peoples, whose presence here continues to
this day.

We acknowledge that this is the treaty lands of the
Mississaugas of the Credit and thank them and other
Indigenous peoples for sharing this land with us.

We recognize that we are all treaty people and are
committed to honouring our responsibilities and
working in shared partnership.
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This Employment Ontario Project is
funded in part by the Government of
Canada and the Government of Ontario

Please complete the mandatory Participation Form



SKILLS DEVELOPMENT TRAINING FUND

Addressing the talent gap in york region o

Grant approved for 12 months - $293,800

12 Community Nights
12 Workshops

Immersive Summer camp

Building an eco-system
o School Boards: YRDSB, YCDSB, SCDSB
o Agri Food Network

Using Inovative Tools and Technologies

o Drones, Sensors, Robotics, more...

Target: Training 150 participants
© 64 Attended Events / Workshops

o 350 Planned over next 3 months




LeARNING OBJECTIVES

To Develop an Understanding ofthe Fundamental Components
behind Aquaculture and Aquaponics Systems

To Develop an Understanding ofthe Biological Components and
needs of Fish and Plants in an Aquaponics System

To Analyze the ways in which Plants can be used to Sustain
Ecosystems

To Understand the Chemical Changes that Occur in Aquaponics
Systems

+ + o+ o+



@ AQUACULTURE




WHAT 1S AQUACULTURE?

Cultivating fish and other marine

life under controlled conditions.




TyPes oF AQUACULTURE

Recirculating Aquaculture Systems

(a series of tanks and basins)

Open Water Systems
(ocean enclosure cages)



WHAT OrGANISMS ARE RAISED IN AQUACULTURE?

+ 4+ + +

Fish
Crustaceans
Molluscs
Aquatic Plants




Types oF FisH

+ + + + + + + + 4+

Tilapia
Carp
Trout
Salmon
Cod
Bass
Perch
Catfish

Barramundi

Tilapia
Oreochromis
niloticus

Trout

Oncorhynchus
mykiss




WHY TiLAPIA?

Resistant to many Tolerant to a wide

pathogens, range of water
parasites,and stress '

conditions

Omnivorous

Excellent Feed Conversion

Reach 15 Ibs.in 8 Breed quickly,
months (get to rapid population
market faster) turnover




Lire CycLE oF A FisH

Tilapia
6 - 8 Months

Trout

18 - 20 Months

Broodstock fish

S
Spawning
adult _

Fertilized eggs




AQUATIC NURSERIES
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IncUnATION

HATCHING

S,

184S

Spawning

Egg laying Ferilization

Incubation, hatching, yolk sac absorption

/ 10-15 days

——
-'_g_'-:’_én___q
Pond

Fry collected with a net from side of pond or tank

Grade fry through 3.2 mm
mesh material to select fry <14 mm

Sex-reversal

/ 21-28 days
T o

Tank

Use powdered feed containing MT

Nursery
In pond. tank or hapa, 2-3 months

Colleets eges in mouth

Incubation

l 5 days

Hatching jar




CoMMERCIAL FISHERIES



https://www.youtube.com/watch?v=C6s4ufAI4aM

Fish CoMPARISON - TiLAPIA VS. TROUT

Tilapia Trout
Temperature + 27-30°C + 14 -16°C
Ammonia (mg/]) RS + <05
Nitrite (mg/]) + <1 + <03
Dissolved oxygen (mg/l) + >4 S
Protein in Feed + 28-32% + 42 %



PARAMETER CONTROL FOR FiSH SURVIVAL
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WATER TEMPERATURE

Ammonia Bacteria
Toxicity Activity
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OXxYGEN

Fish and Bacteria both need Oxygen!

BUT...

Oxygen must be

added to the water
through biology or
technology!




TeMPERATURE - OXYGEN RELATIONSHIP

+  Oxygen solubility decreases,
with increased water
temperatures

+ This means..warmer water will
have less dissolved oxygen
then cooler water.

OXYGEN CONTENT
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PH - Acipic OrR ALKALINE?

pH Scale

Battery Hydro- Lemon Orange Tomato Black  Urine Pure Sea Baking  Milk of Ammonia Soapy Bleach Liquid
Acid  chloric  Juice,  Juice  Juice  Coffee  Saliva  Water  Water  Soda  Magnesia Water Drain
Acid  Vinegar Acid Rain Cleaner

Tap Water (Untreated)
65-78



AMMONIA

Ammonia

Nitrite
NO,-

Nitrate
NO;-

Accumulation ofcertain compounds

can be hazardous!

Controlling the water composition and

stability is critical

Anaerobic Bacerhia




@ AQUAPONICS




HAT IS
QUAPONICS?

BIO FILTER
Fish produce waste

SOLIDS
REMOVED

NITRATES RETAINED

Plants filter water
that returns to the fish

Beneficial microbes &
bacteria convert waste
into plant nutrients




Desima CO. LTD. All Rights Reserved,

Air Stone

Air stones provide an exira boost of

axygen o the plant roots.
Water
Pump

— The clean water is skimmed of
the top of the swirl filler.
st R |
™ -N | s |

h - I < E‘L b .

The clean water is returned o the fish fank. s import that water from the
fish tank is sucked up from the bottom to remove the fish waste.

u The particulate filler is used fo remove any remaining solids and

' for beneficiol bacteria o grow.
The swirl filter swirls the water around - 3 . S 5 9
1o help the solids sink Io the bofiom. : I¥'s very important in o floating raft based system that no solids

build up on the roots of the plants.

\

o When needed, empty the bottom of the swirl filter. This waste water
— is a perfect organic fertilizer for your conventional soil garden,




DecouprLep Aauaronics SysTeHs (DAS)

input:

( inflow: H,0 \ trient suppiementatir( outflow: ET, \

Aquaculture l,
| pedae

Hydroponics
H,0 oneway - Lo op

H,0 gheway

Bioreactor
outflow: ‘ LOOp

remineralized sludge

F

active

\ denitrification




ENGINEERING....

What components need to be
considered?




ENGINEERING AQUAPONICS SYSTEMS

Fish to Plant Ratio

Biofiltration

components

+ Stocking Density + Controlling water

+ Retention Time parameters

+ Feed Ratio + Syncing aquaculture
4 and hydroponic

+



StockiNG DENSITY

What factors do we need to consider when determining stocking density?
T Size offish and growth capacity

+  Water quality requirements offish

_|_

Competitiveness and aggression of fish




ReTENTION TIME

Water must be moved
through the system to
prevent:

+ Build-up ofammonia
+ Depletion ofoxygen

+ Filter particulate



Feep RATIO

What to consider when selecting
feed and creating a feed

schedule:
+ Fish quantity and size

+ Fish feed composition - %
protein (Is it nutritious enough?)

i _ Properly calculated feed can help control:
Ratio changes throughout + . Fishigromims

the fish life cycle

+ Nitrogen levels




AQUACULTURE AND HYDROPONIC BALANCE

+ Aquaculture and Hydroponic
systems must be sized to each
other (Fish to Plant Ratio)

Hydroponics too large =nutrient
deficiency

Hydroponics too small=nitrogen
accumulation

Economics




BIOFILTRATION

+ Nitrifying bacteria conversion
rate

Biomedia surface area

Time for nitrifying bacteria to
develop

Surface area required for
adequate biofiltration to
convert ammonia to nitrate




MINERALIZATION

Structures ofa heterotrophic Bactermum

Cell wall

Capsule

DNA (nucleotide)
Plasma membrane

+  Must be handled

+ Processing and
metabolizing of solid
wastes by bacteria

differently by the
system than liquid
waste




Rakocy CALCULATION

University of the Virgin Islands

Water supply to rafts i|
. . Fish rearing tanks L. *
+ EXtenS|Ve|y Studied To sediment pond Hydroponic vegetable production througs
+  60-100g per ¥ per p—
day B
+  Deep water culture . I
with Tilapia
Base addition tank sing tank| .ﬂ
Sump i
Filter tanks 1_3-. . -[I

Water drain from rafts

-




EQuIPMENT &

TECHNOLOGY...



EQUIPMENT & TECHNOLOGY IN AQUAPONICS

Pumps
Air Supply

Water Filtration
Water Monitoring
Water Heater/Chiller
pHAdjust

+ + 4+ 4+ + o+




How CAN WE Move WATER?

Gravity

oW WATER LEVEL IN TANE

ELEVATION
DIFFEEEMGE

TYPICAL GEAVITY FLoW WATER SYSTEM

OR.. We can use a Pump!




WATER PuMPS

Types of Pumps
+ Inline
+ Submersible

+ Manyothertypes of
pumps!

Submersible

Selection Criteria

+

+
+
+

+

Flowrate (gal/min)
Totaldynamic head
Energy efficiency

Control (variable
frequency drive, valves)

Maintenance




How Do WE AErRATE WATER?

Liquid Oxygen Venturi

Mechanical Air Diffusion —Pumping
Agitation air through diffuser



AIR SuPPLY

Regenerative Blower Air Compressor Air Pump

+ High flow rate + lowflowrate + Fills gap between
blowers and
compressors

+ Lowpressure + High pressure



AR DIFFUSER

Air Stone
Diffuser

Diffuser selection
affects air bubble
size




VENTURI

INLET

HIGHER PRESSURE

OUTLET

LOWER PRESSURE

CROSS-SECTION OF

VENTURI INJECTOR SUCTION

(GAS OR LIQUID)

Pressure difference creates a vacuum sucking air into the pipe




How Do WE FiLTER WATER?

Sand

Radial

Sock

Reverse Osmosis

Carbon

+ + + + + +

Bioreactor




PARTICULATE FILTERS

Sock

Filter and Rinse Modes
Water enters through
top of sand fiter

lots of water

Backwash Mode ‘ moving arotind

Water enters through
leterals on the bottom

very still



FiILTERS CONTINUED...

M 2
e

Reverse Osmosis - Everything




BIOREACTOR

+ Biofilter to controlammonia

+ Bacteria living on biomedia
perform nitrogen cycle

Ridges and texture on
biomedia increases surface
area and available space for

bacteria to grow!
More space for bacteria =a
more balanced system!




How Do We ConTroL WATER TEMPERATURE?

Immersion Tankless —Inline Tank - Boiler
Heater/Chiller Heater/Chiller




How Do WE MoniTor WATER QuaLITY?

JAPI . S ‘ ”W*-:. m ey + Ha n dh e ld S e n S 0 r S
Mg -

— + Immersible Sensors

|u- i

+  Litmus

Parameters to test include:
Temperature,pH, Dissolved Oxygen,
Ion, TDS,and EC




How Do WE ApJusT pH?

+ pHUp
+ Add more water
with a higher pH

+ Buffer (base)
Solution

+ pHDown
+ Acid Solution




AMMONIA, NITRITE, NITRATE CONTROL

+ Bioreactor size and efficiency
+ Nutrient uptake from plants

+ Fish feed,waste
_|_

Accumulation or depletion willhave immpact on
fish and plant health




COMPONENTS OF AN 6
AQUAPONICS SYSTEM

Hydroponics Radial Filter

Bioreactor | ¥
“
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