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Blo floc technology -"B‘FT) is used
Mostly In intensive systems,
With zero or low water exchange
Later we will present
Its usage in traditional extensive
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1. Environmental regulation prohibiting or
limiting water disposal.

2. Bio-security concerns limiting water
intake.

3. Water scarcity and/or cost. Conventional
aquaculture uses usually 2-10 m3 water to

produce 1 kg fish.
4. There is a demand for quality control and
transparency, that are difficult to achieve in

intensive systems.
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5. Feed utilization may be higher than in
conventional systems. This may be an
important point.

6. In cases where production is close to
the market, space limitation is also of
concern.

7. Intensification enables easier
temperature control.

8. Intensification and automation may
save labor.
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Minimal
feed

Fed
Ponds

Night

time
aeration

Intensive
mixed —
aerated
ponds

INTERVENTION

Feeding with grain, farm
7 home residues.
Fertilizers

Feeding by complete diet
pellets

Night time or emergency
aerators
~1-5 hp/ha

24 h/day aeration (~>20
hp/ha), constant and full
mixing
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YIELDS
(kg/ha*yr)

~2,000

20,000 -
100,000

LIMITING FACTOR

Limit of Primary
productivity. Food chain
efficiency

Night time oxygen
deficiency

Sludge accumulation.
Anaerobic pond bottom




Intrinsic features of intensive ponds:
Highly mixed, Fully aerated.

Identical to bio-technological reactors.
Optlmal conditions for microbial activity




Characteristics of water: 1

A. Assume 30 kgl fish/m3, 150 g feed/day
~ /5 gC
B. ~ 50% released to the water ~ 38! g/ms™ day

€. On a steady state basis, with &= 50%, daily:
added microbial biomass carbon = 19g@

Average cell volume = 0.7 um3
Average carbon/cell'=5.6* 10716 g

Computed number of bacteria produced per
day= 4.8x1019/ml
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Characteristics of water: 2

D. Turbid water




Characteristics of water: 3

Rate; off erganic; matter degradation in
ponds and tanks;~ (Avaimelech
et al., in tanks and' 113 commercial ponds
samplings) to N laberatory,
experiments (Torres Beristain 2005), as
compared to N Waste; Water
treatment plants.
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Eish use just about 25%o of feed nitrogen.
The rest excreted.

Excretion and microbial mineralization
generate ammonium.

Nitrite is also'toxic, especially in fresh
Wwater'systems.:

Ponds are enriched in Nlas compared to C.
Carbon is emitted as CO2. Nitrogen isileft
In the pond.

Yoram Avnimelech




Two Problems

1. Elevated inorganic N levels in the water
S often: the; limiting facter teward high
performance of intensive systems.

2. Low! effiiciency: of protein utilization: is a
waste of money. (

). Inraddition,
SINCe major source; of protein isifish meal,
harvested firom over exploited oceans,
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MICROBIAL CONVERSION

*MICROBES PRODUCE NEW CELL MATERIAL (protein)
AND ENERGY:

ACcell/AC €

Microbial conversion efficiency
=normally, 0.4-0.6 for aerobic microbial
processes. Lower for anaerobic.




Manipulating bacteria

We canadd carbon
richiand protein poor
material (carbo-
hydrate, CH), such as
starch or cellulose
(ground grains;
molasses, cassawa
etc:) 1o induce

acceleratedi nitrogen
uptake:

Normally, thereis
more than enough
nitrogen for new. cell
production.

Yoram Avnimelech




HOW MUCH CARBON IS
NEEDED?




Feeding fish with bacteria

We can/induce the production
of microbial proteimn. Will it be
a good/feed source for fish b

Can they physically harvest
bacteria?

IS It nutritive?

Will'they digest I1t?
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Bio flocs are made of bacteria,
protozoa, etc. Typicaly their
diameteris 0.1-2 mm.
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Courtesy of Dr. Michelle Burford
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Courtesy of Dr Michelle Burford
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Some preliminary figures:
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Experimental Results (Avnimelech, 2007)
Tilapialin tanks. For 6; days no additien: off ieed
The only: source of feed is the bio flocs
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Daily decrease of TSS, FV, suspended carbon and
nitrogen, during the no — feed period.

Changes in equivalent suspended solids (SS) concentration
@s dry weight) and daily uptake attributed to 1 kg fish

TSS Floc Carbon  Nitrogen
Volume

Daily measured 20mg/l 1.74 ml/l1 6.61 mg/l 0.87 mg/l

change

Equivalent dry SS 20 24.3 26.9 23.5
change (mg/1)

Daily uptake by 8.91 10.79 11.03 9.66
fish as equivalent
SS (g/kg fish)
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The proportion of
daily nitrogen
requirement of
shrimp
contributed by

natural biota
(present mostly as
bio flocs) was
found, using 15N
uptake study, to
be 18-29%.
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Feed Materials

30%0 protein pellets -14.8

20%0 4 -13.8
Cellulose powder -23.5

Eish (Muscle) fed for 57 daysiwith:

309%6 protein pellets =20.5
20% " " =208

209%0 prot pellets (50% ration)

4 Cellulose + (NH,)>S0, -23.0




Normally, fishior shrimp recover just
~ 2590 of feed protein.

In bacterial controlled ponds, they eat the
protein twice; Once in the feed and then

they consume microbial protein. The
protein recovery in experimental

systems/reaches almost
50%0. An efficiency of 63% was
achieved in experimental tanks
(Velasco et al., 1998)
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20%
Protein

16.6
2.0
2.17

2.42
(I585

Exp. #2 (30 days)

16.6
2.2
2.02

218
0.543
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Very: interesting work conducted
recently in Cochini India by’ -

Hari, Kurtp, Varghese, Schrama &
Verdegem (2004)

Indicated that It Is possible
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Intensive ponds are fully mixed and
deratedl systems.

In these pends, organic substrates
accumulate in the; bottom! of the pond, a

ZONEI Chalkacterized 19y Peor aeration.

It seems that inf order to practice; BEIF in
expensive pends, pond bottom| has to be
well treated andl aerobic.

Anether alternative isito deploy natural
(periphyton) or'synthetic vertical
substrates, where organic residues

wadsorbed are aerobically: metabelized.




1. Effective, reliable and predictable
Inorganic nitregen control.

- Slightly higher oxygen consumption:

6. High water turbidity, may be a problem
to some species.
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2. Eneugh aeration te: maintain exydgen
above 4-5 mayl.

1. Lined poend: Plastics, concrete, soil

concrete, laterite,

5. Placement of'aeraters in a way. that all
pond velume will be mixed. NO
ACCUMULATION OF SLUDGE!
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4. Feed with' lew: pretein % (20%) or'add
eneughrcarbon (molasses; starch), cassawa

etc.)

5. I iInerganic nitrogen accumulates, add
carbohydrates at al rate off 20'kg per kg N
VOoU Want to FEmove.

6. Maintain alkalinity: > 50-100 md.
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How to do it (3)

/. Mininmize water exchange.

8. Iff sludge accumulate, drain sltidge out
Or dryj/clean between seasons.

Every farm Is seme Wiiat different. Learn
from yours and ethers experience.
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NG comprehensive; analysis. Some indications:

Feec

to grow 1 kg tilapia, $0.56 in BET as

compared with $0.85' In: conventional pend.

Simi

In a

ar data for shrimp: in: Belizer Aguaculture.
commercial tiliapia farm: InfCalifiornia), the

change to ASP’saves; $0.40/kg| fish
Traconi et al. in OI estimated fieed price to be

lowe

red by 30%
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Anticipated future developments

How will BFT ponds look following
another 10 years period ?




Microbiology
On nitiating and developing BEI systems,
the overalllmicrobial activity was
considered, but very httle was known as'to
the details of the relevant microbes'and

microbial ecology. Work done by Burford
et al (2004) and By Tacon et al (2002)

initiated the efforts to better understand
and control the microbiall processes.
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Flocs

. McIntosh started with selection of:

bacteria that form flocs: It is
anticipated that with the interest in

the BET ponds more studies willi be
made and more insight will be
obtained. Specifically it/is anticipated
that more control

of floc formation will be obtained, in
line with similar work done in water
treatment technology.
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Feed Efficiency

Feeds and feeding of ASP systems'Is
In its'beginning. We need specially
formulated feeds with lower: protein.
Ph.D. work done very recently.

(Panjaitan, 2004 ) demonstrated that
the feed requirement in BET shrimp
systems is just about 7090 of that
needed in open systems where feed
IS hot recycled and the non-eaten
portion Is wasted.
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Feed Cost

The lower feed quantity required and
lower: cost of feed due to lower
protein and aveiding vitamin and
mineralsinclusion in the feed will
raise profitability of using BET
systems.




Turbidity Control

Turbidity can be controlled by
mixing and through drainage of;
excessive suspended matter.
Presently. We do not know what is
the optimal’level of suspended
matter in the water. Thisimay well be
different for different species grown.
It is rather easy to automatically
control turbidity Ponds can be
drained so as to maintain about
rrgonstant turbidity.




Aerators and pond structure

Efficient resuspension, mixing and
draining of ponds call'to the use of,
efficient aerators, ones that will be
better adapted as'compared to ones
we have presently, and'to pond
structure that assist getting efficient
mixing and drainability.




Sludge disposal - reuse

There is an urgent need
to either recycle or
properly dispose of
sludge. Among possible
options is its reuse as an
organic rich amendment
to ponds or agricultural
soils, as a base material
for composting or as a
material for
construction, either as
such or following
sanitation and
stabilization processes.




Thanks for your attention
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