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Fish tank above. Fish in this fish tank are fed a feed. They
digest it and release metabolites into the water. Water and
metabolites are pumped to vegetable beds and serve as
fertilizer for plants.

In the growbeds, plants use up fish metabolites and
grow. The clean used water is returned to the fish
tanks.



We demonstrate that aquaponics is a sustainable,
commercial industry in Hawaii and the Pacific Islands.






We approach aquaponics from the biotechnology point
of view. Biotechnology offers greater precision in
adjusting to situations.
We will demonstrate how we made aquaponics
commercially profitable.






It is also a natural, non-polluting, non-GMO biotechnology.
Not a standard aquaculture project.

Our work focused on relentless minimization of capital costs.
Our work focused on minimization of energy costs. We are
watt adversive.
Our work focused on the maximization of revenue streams by
marketing and selling as U.S.D.A. certified organic.

We did not develop it as a hobby.

• Hydroponics scientists came to a consensus on lettuce needs
(Kratky). Units, g or mg/370 L for about 50 lettuce plants for 6
weeks.
• Post growout, nutrients remaining measured by ICP-AES.
• The difference is “used up”. These are requirements of lettuce
plants.
nutrient
Consensus Remaining
Used up
• Note numbers and
nitrogen (g)
33
1.7
31
volumes because
potassium (g)
54
7.7
46
they form the basis
calcium (g)
31
16
15
of scalability to
magnesium (g)
10
5.5
5
larger systems
phosphorus (g)
11
5.1
6
• Note that we think
iron (mg)
340
280
58
about molecules not
48
31
78
zinc (mg)
31
25
56
copper (mg)
procedures to be
320
190
133
boron (mg)
memorized.
310
2.4
305
manganese (mg)

•
•

Requirements determined previously were converted to mg/L
units. They are divided by two to account for replenishment.
Fish (10 kg/m3) were fed various amounts in 200 L of water and
water chemistry determined. No plants were involved.
Nutrient
nitrogen
potassium
calcium
magnesium
phosphorus
iron
zinc
copper
boron

Required
by lettuce
42
62
20
7
8
0.078
0.04
0.03
0.18

Produced by fish
Fed 14
Fed 20 g Fed 39 g
g per
per day per day
day
30
34
47
101
100
105
22.5
46.2
33.9
13.5
18.6
21.0
4.46
6.36
10.7
0.001
0.0113 0.0383
0.01
0.0205 0.0947
0.04
0.0197 0.0587
0.05
0.0898 0.0790

• The data suggest that about 40 g of feed need to be fed daily or nitrogen
and phosphorus will be deficient. Iron is always deficient and must be
supplemented. We consider these evolutions of Rakocy. Not trial and
error.

1.
2.
3.
4.

Experiment. Fish were fed full ration, ½ or ¼ ration as
previously defined. Underfeeding most common problem.
Lettuce growth was measured (below).
Poor nutrition led to stunted plant growth. This can be
easy to overlook on farms and lost among the “noise”.
Not shown, iron deficiencies led to yellowing.
Week 4

Week 6

Treatment
Height

Width

Height Width

Weight

Control

14 a

33 a

30 a

41 a

231 a

¼ nutrient

9.0 b

23 b

12 b

23 b

53 b

½ nutrient

11 c

29 c

22 c

32 c

125 c

5. In another experiment potassium at ½ the required level
led to wilting and stunting.







•

In the language of biotechnology/genetics, I call extension
help correction of lethal errors.
First lethal error is in planning. The system consists of 12
pieces of plywood arranged in a row called a raceway. If
it is not completely level, plants at one end will get no
nutrient rich water.
Correcting this requires time for shimming.

Get into
www.youtube.com. Search on
“leveling land bobcat”. This tells
you the easy way.

1.
2.
3.
4.

Plywood bottom.
Sides are 2” X 4”.
Screws holding sides to bottom. Build upside down.
12 boxes/raceway.




Stapling on plastic liner in demonstration unit.
Full sized units below right.

The simplicity of our design means that relative to other
designs our system including labor costs 6 times less per
plant grow area. Prefabricated is very expensive.











We already discussed consequences of not leveling.
Lethal error #2. Starting a farm with no marketing plan. We
advise learning how much of your product someone will buy and
for what price. A whole island went bankrupt for this reason.
Lethal error #3. Sun issues. Some plants planted near the side of
the house or under a tree and receive too little sunlight, some
plants such as lettuce burn without 40% shadecloth, some fish
tanks are in the sun, algae grow and nutrients used up. Plant in
sun, cover fish tanks.
Lethal error #4. Design. Too high a fish water volume or
growbed water volume yields dilute plant nutrients. Nutrient
levels below threshold binding constants of receptors yields
inferior growth rates shown previously.
Lethal error #5. Plant roots need air. Recently improved.
Lethal erros #6. Sizing. Proportionate to 50 plants in a growbed
of 370 L serviced by a biofilter , with 0.4 ft3/min aeration for 200 L
fish water (10 kg/m3) and a water exchange of 1 growbed
volume/day. Recently corrected.







Feed fish proportionate to 40 g feed/day. Has 42%
protein. Underfeeding is the most common problem
and yields inferior plant growth.
Clean growbeds of solids from fish periodically or
solids accumulate. Solids will be oxidized and D.O.
will decline yielding poor root growth and/or
denitrification and too low nitrate levels. Levels
should be 42 mg/L nitrate-N but our research systems
are okay at 15 mg/L. More work is needed on this
specification. Recently cleaned and DO and growth
improved. See bottom line economics.
We might want to try a radial flow settler to remove
solids from the water.

a. Feeding enough
b. Waiting till bacteria
develop as ammonia
nitrogen
and nitrite are toxic
gas
c. Nitrate (and sun) are
limiting for plant
Low
growth
DO
d. If DO is too low
Nitrate
nitrate is lost as
minerals
nitrogen gas
(denitrification)
e. Inadequate aeration
in grow beds. Plant
roots require oxygen.
nitrite
minerals

feed

ammonia
minerals







We are talking about
agriculture. Agriculture is a
job, not a hobby.
Photo below shows all the
interest our seminars attract.
Truth be known, only one
person in this audience
started a farm. The others
are hobbyists. Hobbyists tire
of hobbies after a while.
The key words are
sustainability and
productivity and these are
driven by economics.

•While doing our work, we wanted to do a shadow
economics study to be sure we were not recommending a
non-profitable enterprise. Professional economists also
did a study afterwards.
•We added costs of components of construction as built.
Trays, shade structure PVC, shade cloth, the fish tank etc.
•We calculated two costs, total costs which relate to size of loan
and annualized costs which relate to annual profit margin.
Items

Life 1 plywood

Lettuce traya

10

$130

Shade structure

10

$60

Fish tank

10

$80

Air and water pumps

5

$140

Refrigerator
Laborb

$0?

Total

$410

Annual

$55

• We started with our research units. We extrapolated to larger
units though there are sometimes economies of scale, e.g. tanks.
Labor costs were 51% of materials costs. Land preparation
costs included here.
• [Read costs as summaries.]
Items

1
plywood

5 raceways;
=starter farm

30 raceways;
= farm

Lettuce tray

$130

$7,800

$47,000

Shade house

$60

$3,600

$22,000

Fish tank

$80

$3,600

$22,000

Air/water pump

$140

$3,000

$18,000

Refrigerators

$1,000

$6,000

Labor

$9,700

$59,000

Total cost

$410

$29,000

$170,000

Annual cost

$55

$3,200

$19,000

Raceway

1. For self understanding we did operational costs on our
research units and extrapolated.
2. [Fingerlings, feed, electricity highest cost after labor.] All
farms have invested in solar panels.
3. The 30 raceway
1 plywood 5 raceways
30 raceways
system would be
$15
$900
$5,400
Fingerlingsa
run by husband and
Feed
$27
$1,620
$9,700
wife with 4
Electricity
$66
$3,940
$24,000
neighborhood
Water
$0.56
$34
$200
workers each
Supplies
$20
$1,200
$7,200
working part time.
Interest
Labor

$35

$2,100

$13,000

owner

owners

$50,000

$434

$2,600

Lease rent
Total variable
costs

$148

$10,000

$110,000





Data were generated on a small scale in our research lab
(below). On hindsight, they are about two times better than
farmers’ data.
Units are lb/yr in standard type, pieces/wk in italics.
plywood

5 raceway

30 raceways

lettuce

211(7.4)

12,700 (443)

78,000 (2,900)

tilapia

43 (0.83)

2,570 (50)

15,000 (300)




These estimates are why we did the preliminary economic
studies.
Prices are those obtained by farmers, $5/lb for fish and
$4/lb for organic certified lettuce ($1.40/lb for imported
and $2.40 for hydroponic). Fish production overestimated.
plywood



5 raceway

30 raceways

Annual capital costs

$55

$3,200

$21,000

Operating costs annual

$148

$10,000

$110,000

Lettuce revenue

$900

$52,000

$312,000

Tilapia revenue

$215

$12,000

$75,000

Net

$910

$51,000

$256,000

The small 5 raceway farm suggests that a person could
survive for a while and the profit from the larger farm
should be good for two people.



A formal study was conducted. It was directed and
executed by professional economists (Drs. Tokunaga and
Leung). The study passed peer review.
JOURNAL OF THE WORLD AQUACULTURE SOCIETY, Vol.
46, No. 1
Economics of Small-scale Commercial Aquaponics in Hawai‘i
Kanae Tokunaga, Clyde Tamaru and Harry Ako, PingSun Leung
University of Hawaii at Manoa, 3050 Maile Way



(From the teaching perspective, Dr. Kam who taught me the
economics later became marketing director of Amazon and was
recruited away by Microsoft. Dr. Tokunaga, based in part on
this work, landed a professorship at the Univ. of Tokyo. These
outcomes are gratifying.)







Three real commercial farms were studied. Two were built
and run based on our model. Two were very profitable,
one was not. Another was a failed project of CTSA (it has
made little impact on the industry).
The economists made a theoretical composite of three
farms.
We should compare our preliminary economic estimates
with those of the trained economists. This checks our
understanding. Results are largely the same.



Capital cost estimates were close. This means that we
understand the factors involved.
Professional Our preliminary
economists results
Capital
costs



$212,000

$170,000

Operational cost estimates similar but were higher for us than
those in the peer reviewed study. This is due to later hire of
helpers later on during production.1
Trained
Operational costs $66,000

Our preliminary
results
$110,000







Thus our predicted profit values ($256,000/yr) are higher than
those of the professional economists. Why?
We used what our farmers get, $4/lb. They used $2.40/lb.
Our predicted profit gets closer to theirs if we use their lower
price.
We used produce production values from our research
laboratory. They used production values were getting in the
early days. Using their production values and prices on our
predicted profits and the numbers become very close.
Ours
Net profit

$256,000

Ours with $2.4/lb Ours with lower
non-organic
production & prices
$131,000

$38,000

Professional
economists
$19,500







Aquaponics is a biotechnology which is more precise
than standard aquaculture. It converts aquaculture
waste nitrogen into plant tissues and produces
vegetables that are organic. It uses little water after fill
up, requires little land, and has no effluent.
It generates biotechnology-like profit margins and
therefore can be recommended to farmers.
Benchmarks show us we are doing well re: impacts.

1. Capital costs for a 30 raceway, 1 acre farm about $200,000
including labor.
 2. Operational costs can be rounded to $100,000 a year incl. labor
for 78,000 lb/yr vegetables.
 3. Main revenue source is $312,000 for vegetables ($256,000 profit).
This not easy to achieve as molecules must be in proper
concentrations. Our farmers approach this and are expanding.




There is a lot of room in the niches farmers sell in. More
than 90% of the produce is still imported. Demand is high
for organic produce.

