Principles of System Design

F YOU OPT TO BUILD OUR SYSTEM with a different greenhouse

dimension than 36'x120" or you opt to use a different system or
alternate components from the design in this book, you will need to
create your own system design. If you choose to design your own
system, you should understand it is a complex undertaking and that
the concepts and formulas presented here are essential but only
scratch the surface of the science behind designing a successful
aquaponic ecosystem. Additional research is mandatory for
designing your own system.

The Golden Ratio of Cold-water Aquaponics

The design of any size and shape of an aquaponic system starts
with a simple ratio which we call the Golden Ratio of aquaponics:

Gf/m2/Day

Where Gf is the total grams of feed given daily to the fish and m?2
Is the total Hydroponic Surface Area (HSA) in square meters. HSA is
the total surface area devoted to plant growth. The purpose of the
Golden Ratio is to balance the daily amount of feed that is added to



the system with the waste removal capacity of the system and
nutrient demands of the growing plants.

The capacity of an aquaponic system to remove waste is
determined by two factors:

 The capacity of the biofilter to oxidize ammonia (nitrification),
which is determined by the Bacterial Surface Area (BSA).

* The capacity of the hydroponic subsystems to assimilate nitrates
(denitrification), which is determined by the Hydroponic Surface
Area (HSA).

Nitrification is the process of oxidizing ammonia into nitrates by
the nitrifying bacteria. Denitrification is the removal and assimilation
of nitrates by the plants. Essentially, with the Golden Ratio, you are
balancing the feed input with nitrification and denitrification.

The Golden Ratio was developed at the University of the Virgin
Islands specifically for DWC systems which generally have a low
BSA/m2 of HSA (less than 2 m2 of BSA per m2 HSA) without taking
into account the BSA of plant roots. The plant roots can double the
BSA of a DWC system.

Although tower systems can have far greater BSA/m2 (up to 150
m2 of BSA per m2 HSA), both systems have a similar total HSA and
thus a similar capacity for denitrification. Accordingly, the Golden
Ratio should be used to design both DWC and tower-based
aquaponics systems.

Cold-water vs Warm-water Aquaponics

Pioneering studies at the University of the Virgin Islands concluded
that the ideal ratio for an aquaponics system is about 60 grams of
feed per square meter of HSA per day, or 60g/m2/Day.

This appears to work well for warm-water systems operating at
an average water temperature of 25°C (77°F), but in a cold water
system operating at 15-17°C (59-63°F), the nitrifying bacteria grow



much more slowly, thus more surface area (BSA) is required for
sufficient oxidation of ammonia. Additionally, nutrient uptake in plants
is slower in colder water, and therefore denitrification is also slower.
For these reasons, considerably less feed should be given per m2 of
growing area in a cold-water system than in a warm-water system.
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Using the Golden Ratio

The Golden Ratio ensures that an aquaponic system is balanced
correctly. There are two primary ways to use this ratio, discussed
below as Step 1 and Step 2.

Step 1 starts with a known HSA and uses the Golden Ratio to
calculate the daily feed amount and the total fish biomass that can
be hosted in the system based on the recommended daily feed rate
for the fish you choose to raise. Feed rates for fish are always
specified as a percentage of body weight per day. You can use this
figure (target fish biomass) in Step 2 to determine the appropriate
volume of your fish tank(s) and thus how much water must be
delivered to each tank so that the water in each tank is replaced
every 30—45 minutes.

Step 1 is used when the initial known variable is the size of the
greenhouse and thus the available HSA that will fit in it. This is the
most common starting point for designing a system.



Step 2 starts with either a known biomass (target amount of fish
you want to grow) or known combined volume of fish tanks (useful if
you already have tanks and want to design your system around
them). You can then use Step 1 to calculate how much HSA you will
need and thus how big your greenhouse must be.

Step 1

The most common application is to start with the biggest greenhouse
you can afford, fit on your site and want to operate (for example, you
may have a huge property and lots of money but not want to operate
a large facility). From this, determine the size of the hydroponic
subsystem, and thus the total HSA. In a DWC system, the HSA is
the surface area of the rafts. In a tower system, the HSA is best
described as the area of floor space dedicated to the tower arrays,
not including the walkways.

For example, in a DWC system in a 120" greenhouse with 86
troughs (per our design), we produce the following equation:

43 (rafts per side) x 6 (sides) = 258 (rafts) x 0.743 m2 (size of each raft) = 191.69 m2 (HSA)

For our calculations, the HSA for our design is 192 m2.
We then use the formula to find the daily feed rate, following the
Golden Ratio:

25 grams x 192 m2 = 4,800 g or
4.8 kg of feed per day

30 grams x 192 m2 = 5,760 g or
5.76 kg of feed per day

35grams x 192 m2=6,720g or
6.72 kg of feed per day



This shows that the amount of feed that can be safely added to
the system each day without overwhelming the nitrifying bacteria or
allowing nitrate levels to rise excessively is 4.8 kg to 6.72 kg. With
this knowledge, we can figure out the total fish biomass that can be
grown on this amount of feed based on the daily feed rate for a
specified species of fish.

Rainbow trout, which we raise in our system, consume an
average daily feed rate of 1.3% of body weight (see Chapter 8),
therefore:

@ 25 g/m2/day:
4.8 kg /0.013 = 369 kg total biomass

@ 30 g/m2/day:
5.76 kg / 0.013 = 443 kg total biomass

@ 35 g/m2/day:
6.72 kg /0.013 =517 kg total biomass

Thus after calculating the range of feeding ratios (from 25-35 g
per m2 per day), we know that we have a target biomass range of
369 kg to 517 kg.

The next step is to calculate how to divide the total biomass into
multiple cohorts. This would be simple if just using one tank and
growing one cohort at a time. Unfortunately, raising single cohorts is
not acceptable in an aguaponic system as it is critical the system be
consistently loaded within its range: too little fish biomass will not
adequately feed the bacteria and plants, too much biomass will
overwhelm the bacteria and harm or kill the fish. A single cohort
system would be severely underloaded when the fish are fingerlings
and could be overloaded when the fish are mature, depending on
how large your fish grow.

To ensure a consistently balanced system, fish are grown in
multiple cohorts of different sizes in separate fish tanks, and when



the system is fully loaded, small batches are harvested from the
oldest cohort every 1-3 weeks.

We can now use Step 2 to determine how many fish should be in
each cohort while staying within the Golden Ratio.

Step 2

Use Step 2 if you already know the biomass range for your system,
or the size of tanks you want to use, or to ensure that your design
has sufficient HSA to support your biomass range. Continuing our
calculations from Step 1, the process is as follows.

Our design uses three 8' tanks, each with a volume of 4.2 m3.
The recommended maximum stocking density is 60 kg/m3, therefore
each tank can carry a maximum of 250 kg of fish at their target
harvest weight:

60 kg x 4.2 m3 = 250 kg max biomass (rounded down from 252 kg)

Fish can be harvested at different weights for different markets. If
the target harvest weight for each fish is 1 kg, you should stock each
8' tank with 250 fish. If the target harvest weight is .5 kg, stock 500
fish per tank. Consider your potential markets when deciding on
target harvest weight.

Let's assume that 1 kg is the target harvest weight and that you
will be restocking every four months with 250 fingerlings at 10-12 cm
long and about 10-20 g each, which is what we do at Raincoast. At
15°C (59°F) water temperature with ideal water and feed conditions,
rainbow trout are capable of growing 3 cm per month. If the fish start
at an average of 12 cm long when they enter the system, then after 4
months they should average 24 cm long:

12 cm + (3 cm x 4 months) =24 cm

The average weight of fish is mathematically related to their
length, using a formula called the Condition Factor (CF). The CF of



rainbow trout under normal conditions is 1.11. You can predict the
average weight of the fish at any given time using this formula:

Weight(g) = CF x (length[cm])3 / 100

In our example, the estimated average weight per fish after 4
months of growth is:

Weight = 1.11 x (24)3/ 100
Weight = 1.11 x 13,824 / 100

Weight = 153 grams per sh

After 8 months:

Weight =1.11 x (36)3/ 100
Weight =1.11 x 46,656 / 100

Weight =517 grams per sh

After 12 months:

Weight =1.11 x (48)3/ 100
Weight =1.11 x 110,592 / 100
Weight = 1.2 kg per sh

With these calculations, we can determine the total biomass per
tank at different stages:

Tank 1 (4 months):
250 sh x 153 geach=38kg

Tank 2 (8 months):
250 shx517 geach=129kg



Tank 3 (12 months):
250 sh x 1.2 kgeach=300kg

Total sh biomass =467 kg

Now we have a snapshot of the total fish biomass estimated to
be in the system when operating at full capacity. When the system is
running at full capacity, you should be harvesting fish on a regular
basis from the oldest cohort to keep the total biomass of the system
within the acceptable range. Accordingly, the total biomass will often
be less than the maximum calculated here. A Cohort Log for each
cohort of fish will help you keep track of the biomass in each tank at
any given time, and these logs will tell you how much feed should be
given to each tank daily. Fish Sample Logs and Cohort Logs are
covered in Chapter 11.

A total biomass of 467 kg is within the target range of 369-517 kg
and within the range of the recommended Golden Ratio:

467 kg % 1.3% (daily feed rate) = 6.07 kg feed per day
6.07 kg / 192 m2 HSA = 31.6g/mz2/day

By using the formulas given above, we determined that with 192
m2 of HSA the system can carry 467 kg of fish and that the required
daily feed input of 6.07 kg is well within the acceptable range of the
Golden Ratio of 25-35g/ m2/day. We also know that each 8' tank can
carry a cohort of 250 fish without exceeding the maximum
recommended density of 60 kg/ms3.

As a further exercise, we can use the Golden Ratio and the daily
feed amount to calculate the minimum and maximum HSA and thus
the number of rafts as follows:

Minimum:
6.07kg / 35g = 173 m2 HSA = 232 rafts = 78' troughs



Maximum:
6.07kg / 25g = 242 m2 HSA = 325 rafts = 108’ troughs

A Note on Tower Systems

These design principles apply to both DWC and tower systems: the
feed input and ammonia generated needs to be balanced with the
system’s capacity to remove nitrates before they build up to levels
toxic to the fish. The major advantage of ZipGrow™ Towers, which
use a matrix media, is that they have a much greater BSA per
square meter of HSA. They are therefore more forgiving of mistakes
like overfeeding or infrequent cleaning of filters because they convert
the ammonia to nitrates much more quickly than DWC systems.
Other types of tower systems, such as those filled with gravel, have
a much lower BSA than ZipGrow™ Towers.

A Final Design Note

If you opt to design and build an aquaculture system that is a major
departure from the design presented in this book, we wish you the
best of luck. Designing a fish culture system that will keep your fish
not only alive but thriving will be the most challenging and
scientifically complex part of the design. Before you embark on that
journey, we highly recommend that you read and understand the
book Recirculating Aquaculture by Timmons & Ebeling (3rd Edition,
Ithaca Publishing Company, 2013). It is the definitive text on
recirculating aquaculture systems and likely contains everything you
need to know about keeping your fish alive. It is a highly technical
book, and we have just scratched the surface here. It even has a
chapter specifically on aquaponics. Whether you design your own
system or follow our design, we recommend it as a reference book
for all aquaponic farmers.



