


ASSESSING AFFORDABLE AQUAPONICS METHODS 

FOR THE PACIFIC ISLANDS





ii 

DEDICATION



iii 

ACKNOWLEDGEMENTS



iv 

ABSTRACT



v 

ACRONYMS 



vi 

TABLE OF CONTENTS

DEDICATION  

ACKNOWLEDGEMENTS  

ABSTRACT  

INTRODUCTION  

 

 

 

 

 

 

LITERATURE REVIEW  

 

 

 

 

 

 

 

 

RESEARCH METHODOLOGY  

 

 

 

 

 

 



vii 

 

RESULTS  

 

 

 

 

 

DISCUSSION  

 

 

 

 

 

 

CONCLUSIONS  

RECOMMENDATIONS  

 

 

REFERENCES  

APPENDIX 1  

 

 

APPENDIX 2  

 

 

 



viii 

APPENDIX 3  

 

APPENDIX 4  

 

APPENDIX 5  

 



ix 

LIST OF FIGURES

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



x 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



xi 

LIST OF TABLES

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



xii 

 

 

 



1 

INTRODUCTION



2 



3 



4 



5 



6 



7 



8 



9 



10 

LITERATURE REVIEW



11 



12 



13 



14 



15 



16 



17 



18 



19 



20 



21 



22 



23 



24 



25 



26 



27 



28 



29 



30 



31 



32 

Bulk head



33 



34 



35 



36 



37 

RESEARCH METHODOLOGY



38 



39 



40 



41 

Figure 6. Images highlighting the stages of constructing the frame for the grow bed 

Installation of fish tank component  

Once the frame for the grow bed was in place, a 5000L tank was placed in the 

previously prepared hole, and fitted firmly in place by filling in the space around the 

tank with previously extracted soil. On the top of the tank, one of the flat surfaces was 

cut to create a manhole to allow access to the tank during installation of plumbing, 

fish stocking and feeding, and to carry out general observations without leaving it 

entirely uncovered. The section that was cut out was used to make a door for the 

opening (Figure 7).   
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Figure 8. Digging of trenches for drain pipes and subsequent installation of the drain 
pipes 

After the plumbing was laid, the frame for the grow bed was returned to its position, 

maintaining the distances between the drain pipe outlets, and both the centre dividing 

board and the edge of the grow bed.   

A woven plastic liner was then laid out over the frame to form the base of the grow 

bed, after ensuring that there were no sharp objects or stones which could puncture 

the plastic. Plastic is used to ensure that no water is able to seep into the environment

and the system remains closed, thus reducing the need for continuous input of water. 

The plastic was carefully spread into all corners without being pulled too tightly on 

the sides, to ensure that it did not become strained when the gravel bed substrate was 

eventually added.   
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other end of the pipe, an 80mm end cap was affixed using PVC glue. In order to 

support the siphon, a 5mm hole was drilled into the cap of the siphon and a small 

rubber hose of the same diameter was placed 2 inches inside the cap and sealed with 

silicone sealant. The end of the hose was fastened to the bottom of the bell using cable 

ties, just above the 20mm holes. This is to ensure that air gets into the siphon to stop 

water flow.  

Figure 10. Bell siphon with rubber tubing to be places over standpipes 

Once the bell siphons were in place, gravel guards were needed to keep the gravel 

from obstructing the flow of water up between the bell and the stand pipe. PVC pipes 

of 150mm diameter could be used, however, in an effort to reduce the cost of building 

material, the bases of two small plastic buckets were removed and 5mm diameter 

holes were drilled into them to allow the free flow of water. These were then placed 

around the bell siphon and drain pipe structures. Once all plumbing elements were in 

place, gravel was added to the grow bed.  
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the bottom surface of the pond to maximize fish catch. Fish were organized into size 

categories of under 50g, 50-100g, and 100-150g. Roughly 60 fish within each size 

class were selected and placed in waiting buckets of pond water as quickly and 

carefully as possible.  

Approximately 200 fish, collectively 13 kg, were selected and placed into the buckets 

at a concentration of 20 to 25 fish per bucket. Although only 60 fish within each size 

class were needed, extra individuals were taken to cater for mortality, which was 

likely to occur as a result of transportation stress. Fish were then promptly transferred 

to the fish tank, located about five minutes away, by vehicle.   

Figure 16. The catching of fish from the Homes of Hope fish pond for the aquaponics 
system 

At the project site, an acclimatization tank made up of 50% tank water and 50% pond 

water was prepared and electrical aerators were installed. The fish were transferred 

from the buckets to the acclimatization tank, where they were left for 30 minutes. 

After the acclimatization period, the fish were individually removed by using a scoop 

net, weighed and transferred to the fish tank, along with the electrical aerators at the 

project site. The fish were then observed closely over the next 48 hours and those that 

died were removed using a scoop net and discarded. The total biomass of fish

stockedin the tank was 13kg. Using the same procedure, another 5kg of fish were 

added to the tank two weeks after this initial stocking.  
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Water Testing  

Two days after the first fish were stocked, water testing commenced for pH, 

ammonia, nitrite and nitrate levels. This was done using the API Freshwater Master 

Test Kit (Mars Fishcare) according to the

kit uses a basic titration method, where a set number of drops of reagents are added to 

a predetermined amount of sample water from the system, and left for a period of time 

to develop a colour change. This was then compared against a colour scale chart in 

order to determine water parameter levels.  

Figure 17. Tests conducted for the water quality parameters 

When the nitrite and ammonia levels had dropped to zero, fish feed was slowly added 

to the system. The fish were initially fed an arbitrary amount of 50g daily for a week. 

The feed rations were increased by 50g weekly until fish were fed 400g daily, based 

on the system design specification. This feeding rate was then kept constant, while 

water quality was closely monitored every other day during the system cycling period.  

Dissolved oxygen and temperature were also monitored using a Yellow Springs 

Instrument (YSI) Pro20i Dissolved Oxygen meter and a Pentair Rainbow Sinking 

thermometer (Poolsmith Inc) respectively.  
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Plant Nursery  

Seedling trays and potting mix were acquired from Hop Tiy & Co Ltd, in Suva. 

Lactuca sativa (Green Mignonette, Buttercrunch and Box Hill lettuce varieties),

Solanum lycopersicum (Grosse Lisse tomato)and Ocimum basilicum (Sweet basil)

Yates Australia seeds were planted and watered daily. After two months, once the fish 

had become settled, the seedlings were transferred to the grow beds (Figure 20). The 

height of the basil and weight of the lettuce seedlings were recorded before 

transplanting. The first seedlings transplanted in the system were two months old 

because of the cycling period of the system. Other seedlings were 3-4 weeks old at the 

time of transplanting. Tomato and chili seeds were also planted during the course of 

the project. Strawberry plants were obtained on site from another aquaponics unit for 

trial in the system.  

Figure 18. Planting of seedling and subsequent transferring of seedling into the grow 
bed

Operation of Aquaponics System 

Fish Component  

In order to run the system, the fish were fed twice daily, in the morning and afternoon. 

Fish feed was obtained from the Pacific Feeds Limited, Laucala Beach, Fiji. The 

Pacific Tilapia Pellets, where were used in this project, is designed for tilapia at any 

stage in the grow-out cycle, containing 16.5% crude protein1. Fish behaviour was 

                                                 
1http://www.pacificfeeds.com/pacific-tilapia-pellets.html 



54 



55 



56 



57 



58 



59 

RESULTS



60 



61 

6.0

6.2

6.4

6.6

6.8

7.0

7.2

7.4

7.6

1 3 5 7 9 11 13 15 17 19 21 23 25 27 29 31 33 35 37 39 41 43 45 47 49

pH

Week

Graph of pH levels in aquaponics system 

pH



62 

0.00

1.00

2.00

3.00

4.00

5.00

6.00

1 3 5 7 9 11 13 15 17 19 21 23 25 27 29 31 33 35 37 39 41 43 45 47 49

ppm levels

Week

Nitrites and Ammonia (ppm)

Ammonia Nitrite



63 

0.0
20.0
40.0
60.0
80.0

100.0
120.0
140.0
160.0
180.0

1 3 5 7 9 1113151719212325272931333537394143454749

Nitrates (ppm)

Week

Nitrates

Nitrate



64 

0.0

5.0

10.0

3 8 10 12 26 40 42 44 46 48 50

Dissolved 

Oxygen 

(ppm )

Week

Dissolved Oxygen

D.O (mg/L)



65 

Figure 26. Graph showing correlation between Dissolved Oxygen and Nitrates in 
aquaponics unit 

Temperature and Rainfall  

Figure 27. Graph showing water temperature in the fish tank and air temperature 
inside the shelter of the aquaponics unit 

Similar to dissolved oxygen, temperature readings were not made throughout the 

entirety of the study period. Temperature readings were recorded in the last 14 weeks 

of the study period, due to concerns about environmental stress during the warmer 

season in Suva. During this time, air temperatures inside the shaded grow bed areas

ranged from 28°C to 44°C, while water temperatures remained fairly constant at about 

25°C to 28°C.   
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Figure 31. Lettuce harvest from the system 

Below is a graph showing the cumulative production of lettuce during the study 
period. 

Figure 32.  Cumulative lettuce production throughout the study period 

Tomato  

The harvest period for tomato was only 3 weeks, because a tropical depression in the 

second week of December destroyed all the plants. However, during this time a total 

of 2.6 kg of tomato were harvested from the system with an average of 2.6kg/m2
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production and approximately 890g/plant being produced. Due to growth cycle of 

tomato, it was not possible to conduct a comparison between seasons. The fruiting of 

the crops commenced after the weather became warmer at the end of November, 

despite the crops being in the grow bed from the end of August.   

Figure 33. Fruiting tomato plant in the grow bed and tomatoes harvested 

The graph below shows the cumulative tomato production observed during the study  

period. 

Figure 34. Cumulative tomato production during the study period 
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Item Quantity Unit cost Total Cost

Water Test Kits 2 $89.30 $178.60
Potting mix 4 $10.30 $41.20
Seedling Trays 2 $3.00 $6.00
Sweet Basil Seeds 2 $1.50 $3.00

Lettuce Seeds 4 $2.50 $10.00
Tilapia Pellets 4 $31.00 $124.00
Tomato seeds 1 $2.50 $2.50
Yates Iron Chelate 1 $20.00 $20.00

Neem Oil 1 $2.00 $2.00
Chilli seeds 4 $3.00 $12.00
Electricity (kw) 198.8 $0.33 $65.80
Total $465.10
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Component Cost 
Labour 300 

Fish 
Component 1383.4 

PVC 252.14 
Roof 105.33 
Plant 

Component 551.38 
Misc. 571.67 
Total 3163.92 

Product
Price per 
kg (FJD)

Number 
of

cycles
in study 
period

Revenue 
during 
study 
(FJD)

Projected
Annual

Revenue (FJD)

Lettuce 5.74 5 $105.36 $972.59
Basil 20 9 $414.72 $11,520.00

Tomato 3.74 1 $9.56 $1,147.13
Chili 5.86 4 $11.72 $1,054.80

Strawberry 29 1 $8.70 $4,350.00
Tilapia 10 1 $215.20 $1,076.00

Total $765.26



77 

-$10,000.00

$0.00

$10,000.00

$20,000.00

$30,000.00

$40,000.00

$50,000.00

Lettuce Basil Tomato Chilli Strawberry

Comparison of expected profit of different 
crop options with tilapia production over 5 

years 

Year 1 (study) Year 2 Year 3 Year 4 Year 5



78 

Treatment 1
(neem+ roof)

Treatment 2 (no
neem + roof)

Treatment 3
(neem + no roof)

Treatment 4 (no
neem+ no roof)

Lettuce 11.75 27.5 33.5 75
Basil 12 30.375 42.875 70.75
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Another factor used to determine the ratio between system components is the feeding 

rate, as measured by the ratio of feed to the grow bed area. In gravel systems, the 

recommended daily feed to grow bed ratio is roughly 25g of feed per square meter of 

grow bed area (Rakocy et al., 2006), which computed to a recommended daily feeding 

rate of 250g for the system used in this project. The system in this study, however, 

was operated at 40g of feed per square meter of grow bed area, with an average 

feeding rate of 400 g daily for the duration of the project. This is because the need for 

additional nutrient supplements for fish and plants in aquaponics is eliminated, if the 

amount of feed added to the system is increased beyond the typically recommended 

quantity (Rakocy et al., 2006).  

favoured this ratio 

between feeding rates and grow bed dimensions. The system was built to utilize 400- 

450g of tilapia pellet feed daily (W. Lennard, personal communication, April 26 

2016). Using this feeding rate, the biomass of fish to be stocked was calculated based 

on the size of fish, which influences their feed requirements; for instance, tilapia fry 

with an average weight of 0.016g require approximately 30% of their body weight in 

feed daily (El Sayed, 2002), while fish averaging 150g require only 2% of their body 

weight in feed daily (J. E. Rakocy & Brunson, 1989). Therefore, for this project, since 

the sizes of fish selected ranged from 50 to 150g, the tank was ultimately stocked with 

approximately 200 fish with a collective biomass of 15 kg. Additionally, using a 

feeding rate of 400-450g of tilapia feed daily, the grow bed area was then able to 

support the growth of lettuce, for example, at a higher than standard density of 30 

plants per square meter (W. Lennard, personal communication, July 19, 2016).   

As with the other components of the system, the materials selected for the shelter 

constructed over half of the system were based on the consideration of durability and 

cost. The shelter comprised a woven plastic roof and aphid screen net doors mounted 

on PVC hoops. The aphid netting used to make doors on either end of the shelter 

helped to keep pests out, while allowing the flow of air through the shelter.   
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Greenhouses are also seen to induce precocity of crops, thereby increasing their 

productivity (Wittwer & Castilla, 1995). While the crop yield of basil and lettuce was 

not seen to vary significantly with shelter, literature, states that greenhouses can be 

used to produce crops even out of their typical season, and produce better quality 

crops overall (Wittwer & Castilla, 1995).   

Greenhouses and plastic shelters help prevent water loss in crop production (Wittwer 

& Castilla, 1995). Although the shelter on the system would help limit water lost 

through evapotranspiration, it would also limit the amount of water entering the 

system from the rain, which would lead to dilution or even loss of the nutrients in the 

system. For this project, rain water was able to compensate for water loss. A fully 

sheltered aquaponics system would require manual addition of to compensate for 

water loss, which can be as high as 1% daily (Al Hafedh, Alam, & Beltagi, 2008; 

Liang & Chien, 2013).   

Pest control 

Azadirachta indica, commonly known as neem, is very popular for its use in 

agriculture as a means of pest control. The bioactive properties of neem are 

responsible for its reputation of being antimicrobial, insecticidal, nematicidal, and 

effective for many other similar applications (Ogbuewu et al., 2011). Its medicinal 

properties have been used in Indian; ayurveda is a commonly used in traditional 

medicine and is currently under study for use in livestock tick and worm control 

(Ogbuewu et al., 2011). As a pesticide, the use of neem and neem-based products 

eliminated the risk of poisoning typically associated with synthetic pesticides, and in 

many cases, has been seen to outperform synthetic pesticide treatments (Ogbuewu et 

al., 2011). The pesticidal properties of neem are effective against a broad spectrum of 

economically relevant pests (Ahmed & Grainge, 1986).   

Neem can also be used as a plant fertilizer and animal feed component (Ogbuewu et 

al., 2011). In this project, neem oil was obtained cheaply from a local pharmacy and

applied topically to plants in a 1:1 neem and water solution. The neem treatment was 

observed to significantly reduce the effects of pests on the plants when compared to 

plants that were untreated. In the unsheltered part of the grow bed, the average 
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Date Covered Uncovered Total Weight (g) 
04/11 4891 2701 7592 
18/11 6077 2729 8806 
07/12 830 474 1304 
18/04 622 323 945 

KEY 
Variety 1=GM 

2=BC 
3=BH 
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Date Shaded Unshaded Total Weight (g) 
21/09 1199 801 2000 
26/10 1150 850 2000 
04/11 1287 999 2286 
23/11 947 830 1777 
10/01 1190 890 2080 
07/02 1225 882 2107 
20/03 1680 1747 3427 
25/04 3018 2365 5383 

Date Weight (g) 
21/11 244 
23/11 455 
28/11 492 
05/12 890 
13/12 343 

Date Weight (g) 
30/12 35 
17/01 77 
27/01 106 
04/02 89 
10/02 128 
17/02 97 
23/02 167 
06/03 286 
13/03 308 
27/03 329 
11/04 209 
25/04 257 

Date Weight (g) 
14/09 79 
19/09 147 
21/09 185 
26/10 198 
01/11 94 
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Crop Weight (g) Roof Season 
Basil 1199 1 1 Key 
Basil 1150 1 1 Roof 1=Present 
Basil 1287 1 1   2=Absent 
Basil 947 1 1 Season 1=Dry 
Basil 1190 1 2   2=Wet 
Basil 1225 1 2 
Basil 1680 1 2 
Basil 3018 1 2 
Basil 801 2 1 
Basil 850 2 1 
Basil 999 2 1 
Basil 830 2 1 
Basil 890 2 2 
Basil 882 2 2 
Basil 1747 2 2 
Basil 2365 2 2 

Lettuce 4891 1 1 
Lettuce 6077 1 1 
Lettuce 830 1 2 
Lettuce 622 1 2 
Lettuce 2701 2 1 
Lettuce 2729 2 1 
Lettuce 474 2 2 
Lettuce 323 2 2 

Crop Growbed 1 Growbed 2 
Lettuce 3624 3968 
Lettuce 3750 5056 
Lettuce 636 668 
Lettuce 398 547 

Basil 979 1021 
Basil 970 1030 
Basil 1062 1224 
Basil 862 915 
Basil 1030 1050 
Basil 1090 1017 
Basil 1830 1597 
Basil 4475 908 

Tomato 98 146 
Tomato 305 150 
Tomato 222 270 
Tomato 537 353 
Tomato 188 155 

Strawberry 0 79 
Strawberry 147 0 
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Strawberry 150 35 
Strawberry 53 145 
Strawberry 94 0 
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  Treatment 
Crop 1 2 3 4 
Lettuce 12 20 30 75 
Lettuce 15 25 34 81 
Lettuce 10 30 30 60 
Lettuce 10 35 40 84 
Basil 12 38 65 80 
Basil 15 40 48 87 
Basil 14 27 45 76 
Basil 12 32 50 82 
Basil 10 30 40 65 
Basil 15 40 37 70 
Basil 10 21 36 60 
Basil 8 15 22 46 

Year Month Week Temperature 0C Precipitation (mm)

2016

June 4 24 82

July 8 23 47

August 12 23 346

September 16 23 25

October 20 25 311

November 24 26 38

December 28 26 809

2017

January 32 27 267

February 36 27 1145

March 40 27 230

April 44 27 192

May 48 26 208
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WEIGHT (g) <50 50-100 100-200 200-300 300-400 400-500 >500 

FI
RS

T 
BA

TC
H 

19 50 100 
20 50 103 
21 51 103 
22 51 104 
23 51 105 
23 51 106 
24 52 107 
24 52 107 
26 53 109 
26 54 109 
27 55 110 
28 56 111 
28 56 111 
28 56 113 
28 57 114 
29 58 114 
29 58 114 
30 59 115 
30 61 115 
30 62 119 
31 62 120 
31 62 120 
32 64 123 
33 68 129 
33 69 136 
33 70 136 
33 71 140 
34 77 140 
34 78 140 
35 84 140 
35 86 145 
35 86 151 
37 86 157 
37 87 157 
37 88 158 
39 88 159 
40 88 163 
40 89 163 
41 89 164 
42 91 164 
43 91 164 
44 95 164 
44 95 166 
44 97 167 
45 97 169 
47 97 178 
48 99 179 
48 99 180 
49 199 
49 204 
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213 
214 
232 
254 

17
-Ju

n 

27 51 100 
31 53 103 
33 54 114 
34 54 115 
35 54 115 
38 55 120 
40 55 127 
44 56 127 
44 56 128 
45 57 144 
45 62 146 
45 64 161 
48 65 166 
48 65 166 
49 67 184 

67 189 
69 194 
69 196 
70 
71 
72 
75 
80 
80 
81 
90 
90 
94 
96 

O
2 

DE
C 

ST
O

CK
 

63 100 223 312 
66 100 240 326 
68 100 260 
70 101 262 
72 102 288 
72 103 288 
72 103 
72 104 
76 104 
77 104 
81 108 
83 109 
84 110 
85 110 
86 116 
88 118 
89 120 
91 120 
91 120 
91 121 
92 121 
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93 122 
93 123 
93 125 
96 125 
98 126 
99 126 

127 
127 
129 
139 
145 
147 
147 
147 
148 
151 
152 
152 
153 
153 
159 
198 

16
-M

ay
 

82 103 203 300 405 503 
86 103 205 300 433 511 

137 206 307 445 532 
139 207 310 455 618 
144 209 318 464 
145 209 329 483 
156 211 330 
157 212 341 
157 212 349 
160 217 353 
171 222 359 
175 223 363 
178 224 365 
180 225 365 
187 228 377 
189 228 388 
196 229 393 
199 232 

233 
235 
235 
237 
240 
244 
245 
250 
250 
255 
266 
267 
272 
275 
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275 
287 
291 
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Item Description Quantity Cost

Labour $30/day 10 300

Fish Component

Water Tank 5000L 1 1137.4
Submersible Water 

pump
700L/Hr 2 156

Air bubblers 3 90

PVC

Pressure pipe
25mm 16m 29.06
50mm 6m 28.9
80mm 1m 99.12

End caps
25mm 2 3.6
80mm 2 30.4

Elbow
25mm 2 2.46
50mm 4 21.6

Pressure Socket 50mm 2 22.6
Pressure Valve 50mm 2 4.7

Rubber Washer 50mm 2 0.5
Pressure R/Bush 

50x25mm)
50mm 2 9.2

Roof

Plastic Liner Woven 3m 66

Rebar 15mm 3m 4.08
PVC 15mm 9m 11.25

Lock channel 6m 1 12
Lock wire 2m 3 12

Timber (treated 
Pine)

50mmx150m m 
(2x6 inches)

8 lengths of 
5m 180

Screws (metal) 3inch long; 100mm 
wide

36 19.99

Plastic liner Woven 7mx10m 154

Gravel 15mm diameter 2m3(half 
load) 186

Nails Flat head 1 inch 
long 32 5.54

Waste paper bin 2 5.6

Rubber Tube 5mm diameter 1m 0.25

Misc
Cable Ties Pack of 100 1 9.55

Silicone Tube 1 10.9
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PVC tape Roll 1 0.45
Measuring Tape 8m 1 13.14

PVC glue Bottle 1 1.73

Electrical work at 
Homes ofHope 1 390 390

Bin for Feed storage 1 15 15
Arg Lime 1 20 20

Extension cords 2 19.5 39

Gloves 1 1.9 1.9
CaCO3 1 70 70

Water (L) 2000 0

Total 3163.92
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Appendix 4

Physical Description
Grow beds

Number of grow beds 2
Length of grow bed 5 metres
Width of grow bed 1 metres

Grow bed surface area 5 metres

Fish Tanks
Number of fish tanks 1
Volume of fish tank 2000 litres

20 square meters
 

  Item Description Quantity Cost 
Labour   $30/day 10 300 

Fish Component 

Water Tank 5000L 1 1137.4 
Submersible 
Water pump 700L/Hr 2 156 

Air bubblers   3 90 

PVC 

Pressure pipe 
25mm 16m 29.06 
50mm 6m 28.9 
80mm 1m 99.12 

End caps 25mm 2 3.6 
80mm 2 30.4 

Elbow 25mm 2 2.46 
50mm 4 21.6 

Pressure Socket 50mm 2 22.6 
Pressure Valve  50mm 2 4.7 
Rubber Washer 50mm 2 0.5 
Pressure R/Bush 

50x25mm 50mm 2 9.2 

Roof 

Plastic Liner Woven  3m 66 
Rebar 15mm 3m 4.08 
PVC 15mm 9m 11.25 

Lock channel 6m 1 12 
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Lock wire 2m 3 12 

Plant Component 

        
Timber (treated 

Pine) 
50mmx150mm 

(2x6 inches) 
8 lengths of 

5m 180 

Screws (metal) 3inch long; 
100mm wide 36 19.99 

Plastic liner Woven  7mx10m 154 

Gravel  15mm diameter 2m3 (half 
load) 186 

Nails Flat head 1 inch 
long 32 5.54 

Waste paper bin   2 5.6 
Rubber Tube 5mm diameter 1m 0.25 

Misc 

Cable Ties Pack of 100 1 9.55 
Silicone Tube 1 10.9 

PVC tape Roll 1 0.45 
Measuring Tape 8m 1 13.14 

PVC glue Bottle 1 1.73 
Electrical work at 
Homes of Hope 1 390 390 

Bin for Feed 
storage 1 15 15 

Arg Lime 1 20 20 
Extension cords 2 19.5 39 

Gloves 1 1.9 1.9 
CaCO3 1 70 70 

Water  (L) 2000   0 
Total 3163.92 

Item Quantity Unit cost Total Cost 
Water Test Kits 2 $89.30 $178.60 
Potting mix 4 $10.30 $41.20 
Seedling Trays 2 $3.00 $6.00 
Sweet Basil Seeds 2 $1.50 $3.00 
Lettuce Seeds 4 $2.50 $10.00 
Tilapia Pellets 4 $31.00 $124.00 
Tomato seeds 1 $2.50 $2.50 
Iron Chelate 1 $20.00 $20.00 
Neem Oil 1 $2.00 $2.00 
Chili seeds 4 $3.00 $12.00 
Electricity (kw) 198.8 $0.33 $65.80 
Total $465.10 
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Lettuce Production Targets  
Actual number of plants sowed per crop 52  
Potential number of plants at the end of crop 200  

Lettuce Growout Parameters  
Growout period 1 Months 

 Actual Stocking density 20 per square meter 
 Potential Stocking density 20 per square meter 
 Mean weight at harvest 70.6 Grams 
Lettuce Harvest  

Production per crop 3.6712 Kilograms 
 Potential production per crop 14.12 Kilograms 
Basil Production Targets  

Actual number of plants sowed per crop 12  
Potential number of plants at the end of crop 250  

Basil Growout Parameters  
Growout period 1 Months 

 Actual Stocking density 10 per square meter 
 Potential Stocking density 25 per square meter 
 Mean weight at harvest 192 Grams 
Basil Harvest  

Production per crop 2.304 Kilograms 
 Potential production per crop 48 Kilograms 
Tomato Production Targets  

Actual number of plants per crop 3  
Potential number of plants per crop 60  

Tomato Growout Parameters  
Growout period 1 Months 

 Actual Stocking density 3 per square meter 
 Potential Stocking density 6 per square meter 
 Mean weight of harvest per plant 852 Grams 
Tomato Harvest  

Production per crop 2.556 kilograms 
 Potential production per crop 51.12 kilograms 
Chilli Production Targets  

Actual number of plants sowed per crop 2  
Potential number of plants per crop 120  

Chilli Growout Parameters  
Growout period 1 months 

 Actual Stocking density 2 per square meter 
 Potential Stocking density 12 per square meter 
 Mean weight of harvest per plant 250 grams 
Chilli Harvest  

Production per crop 0.5 kilograms 
 Potential production per crop 30 kilograms 
Strawberry Production Targets  

Actual number of plants sowed per crop 2  
Potential number of plants at the end of crop 200  
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Strawberry Growout Parameters  
Growout period 1 months 

 Actual Stocking density 2 per square meter 
 Potential Stocking density 20 per square meter 
 Mean weight of harvest per plant 150 grams 
Strawberry Harvest  

Production per crop 0.3 kilograms 
 Potential production per crop 30 kilograms 
Tilapia Production Targets  

Number of Tilapia stocked 80  
Number of Tilapia at the end of cycle 80  
Final Density of Tilapia 4 per square meter 

Tilapia Growout Parameters  
Growout period 10 months 

 Actual Stocking density 4 per square meter 
 Potential stocking density 10 per square meter 
 Death rate during growout 1 % 
 Mean weight at harvest 269 grams 
Tilapia Harvest  

Production per cycle 21.52 kilograms 
 Potential production per cycle 53.8 kilograms 
Tilapia Feed Conversion Ratio  

Mean stocking weight 0.08 kilograms 
 Average daily feed 0.34 kilograms 
 Feed per cycle 102 kilograms 
 FCR 6.75 kg/kg 
 Daily Growth Rate 0.785714 grams per day 

Product Price per kg 
Number of 

cycles in 
study period 

Revenue 
during study 

Projected Annual 
Revenue 

Lettuce 5.74 5 $105.36 $972.59 
Basil 20 9 $414.72 $11,520.00 

Tomato 3.74 1 $9.56 $1,147.13 
Chilli 5.86 4 $11.72 $1,054.80 

Strawberry 29 1 $8.70 $4,350.00 
Tilapia 10 1 $215.20 $1,076.00 

Total $765.26 

Output 
Summary 

        Economi
c Indicators 

    

Annual 
Production 

              

  Lettuce 1
69.44 

kilo
grams Projected Annual return $ 

  Basil 5
76 

kilo
grams 

  Lettuce 
+ Tilapia 

$
2,048.59  
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Tomato 3

06.72 
kilo

grams 

  Basil + 
Talapia 

$
12,596.0

0  
  Chilli 1

80 
kilo

grams 
  Tomato 

+ Tilapia 
$

2,223.13  
  Strawberry 1

50 
kilo

grams 
  Chilli + 

Tilapia 
$

2,130.80  
  Tilapia 1

07.6 
kilo

grams 
  Strawbe

rry + Tilapia 
$

5,426.00  

Annual Gross Revenue       Projecte
d Net Value 

    

  Lettuce $
972.59  

      Lettuce 
+ Tilapia 

$
1,581.24  

  
Basil 

$
11,520.0

0  

      Basil + 
Talapia 

$
12,135.6

6  
  Tomato $

1,147.13  
      Tomato 

+ Tilapia 
$

1,763.29  
  Chilli $

1,054.80  
      Chilli + 

Tilapia 
$

1,661.46  
  Strawberry $

4,350.00  
      Strawbe

rry + Tilapia 
$

5,037.86  
  Tilapia $

1,076.00  
          

          Current 
Net Value 

Crops +  
Tilapia 

(
$2,863.7

6) 
    A

nnual 
P

er kg 
        

Produc
tion Cost 

              

  Lettuce $
79.20  

$
0.47  

  

  Basil $
72.20  

$
0.13  

  

  Tomato $
71.70  

$
0.23  

  

  Chilli $
81.20  

$
0.45  

        

  Strawberry $
0.00  

$
0.00  

        

  Tilapia $
388.14  

$
3.61  

        

                
                

Cost structure summary             
    A

nnual 
p

er kg 
        

  
Feed $

124.00  

1
.15241

6 

        

  Electricity $
65.80  

          

  Tilapia 
Operating Cost 

$
388.14  

          

  Crop 
Operating Cost 

$
60.86  

          

  Aquaponics 
Capital Cost 

$
3,163.92  
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Year 1 (study) Year 2 Year 3 Year 4 Year 5 
Lettuce -$2,863.76 -$1,282.52 -$168.62 $945.28 $2,059.18 
Basil -$2,863.76 $9,271.90 $20,947.21 $32,622.52 $44,297.83 
Tomato -$2,863.76 -$1,100.47 $202.97 $1,506.42 $2,809.87 
Chilli -$2,863.76 -$1,202.30 -$10.19 $1,181.92 $2,374.03 
Strawberry -$2,863.76 $2,174.10 $6,823.81 $11,473.52 $16,123.23 
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Figure 48. This figure shows an aerial view of the system, with the fish tank, the grow 
beds and some of the plumbing. Dimensions (in mm) for the grow bed can be seen in 
the diagram. 

Figure 49. This figure is a side view of the system, showing the depth of the hole 
required for the tank, the dimensions of the tank, the height of water inside the tank, 
the location of the water pump in the tank and the depth of the grow beds. It also 
shows the location and dimensions of the drain pipes and the water delivery pipes. 
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Figure 3. This figure shows the details of the bell siphon and stand pipe. 
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Item Description Quantity Cost

Labour $30/day 10 300

Water Tank 5000L 1 1137.4
Submersible Water 

pump
700L/Hr 2 156

Air bubblers 3 90

25mm 16m 29.06

50mm 6m 28.9

80mm 1m 99.12

25mm 2 3.6

80mm 2 30.4

25mm 2 2.46

50mm 4 21.6

Pressure Socket 50mm 2 22.6

Pressure Valve 50mm 2 4.7

Rubber Washer 50mm 2 0.5
Pressure R/Bush 

50x25mm 50mm 2 9.2

Plastic Liner Woven 3m 66

Rebar 15mm 3m 4.08

PVC 15mm 9m 11.25

Lock channel 6m 1 12

Lock wire 2m 3 12

Timber (treated 
Pine)

50mmx150mm 
(2x6 inches)

8 lengths of 
5m

180

Screws (metal) 3inch long; 
100mm wide

36 19.99

Plastic liner Woven 7mx10m 154

Gravel 15mm diameter 2m3 (half 
load)

186

Nails Flat head 1 inch 
long

32 5.54

Waste paper bin 2 5.6

Rubber Tube 5mm diameter 1m 0.25

Cable Ties Pack of 100 1 9.55

Silicone Tube 1 10.9

PVC tape Roll 1 0.45

Measuring Tape 8m 1 13.14

PVC glue Bottle 1 1.73
Electrical work at 

Homes of Hope 1 390 390

Bin for Feed storage 1 15 15

Arg Lime 1 20 20

Extension cords 2 19.5 39

Gloves 1 1.9 1.9

CaCO3 1 70 70

Water  (L) 2000 0

3163.92

Plant 
Component

Misc

Total

Fish 
Component

PVC

Pressure pipe

End caps

Elbow

Roof
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List of Tools Needed for Construction 
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fastened using cable ties to the bottom of the bell, just above the 20mm holes. This is 
shown in the picture below.   

This is to ensure that air gets into the siphon to stop water flow. 

Once the bell siphons are in place, gravel guard will be needed to keep the gravel 
from obstructing the flow of water up between the bell and the stand pipe. According 
to the design, PVC pipes of 150mm diameter could be used, however in an effort to 
reduce the cost of building material, two small plastic buckets which were purchased 
from a local household store (Rups Big Bear) can be used.  

To build gravel guards from plastic buckets, first use a knife and remove the base of 
the bucket. Then use a power drill and drill 5mm diameter holes to allow the free flow 
of water. Place the bucket around the bell siphon and drain pipe structures. Repeat the 
drainpipe, standpipe, bell siphon and gravel guard instructions for the other grow bed. 

Once those are in place, then gravel can now be added to the grow bed. The gravel 
should be divided between the grow beds and spread as evenly and carefully as 
possible. The picture below shows the adding of gravel to the grow beds. 
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3.3 Fish Tank Preparation 

On the top of the tank, one of the flat surfaces should be cut using a hole saw in a 
rounded triangular shape in order to create a manhole for accessing the tank for the 
installation of plumbing, fish stocking and feeding, and general observation without 
leaving it entirely uncovered. The part that is cut out will be used to make a door by 

was removed from using a power drill and a 5mm bit. Plastic cable ties were then 
used as hinges to attach the door back to the tank.  

Once this hatch is in place, the other plumbing can be installed for the grow bed water 
delivery pipe. 

The system was designed to operate with one pump located at the center of the fish 
tank pumping water at a rate of 500L/hr. at a height of 1.5 meters to the grow bed via 
a single delivery pipe.  

If a pump meeting that capacity can be obtained proceed as follows: 
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(optional)
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Ensure fish are acclimatized before being introduced into the system. 
Acclimatization tanks should be prepared with 50% tank water and 50% source water, 
where fish should be placed for a minimum of half an hour before being placed inside 
the tank.  

Do not feed fish for the first two days after being transported. Fish are easily 
stressed and do not eat well when stressed. Any feed added to the system at this point 
would be wasted and cause the water to become cloudy, which would further stress 
fish.

Note: it is common to experience a few fish deaths within 24 hours of a transfer due to 
stress. 

For the initial cycling period of the system, fish should not be fed. Fish gill respiration 
results in the excretion of ammonia into the system. This ammonia promotes the 
growth of nitrifying bacteria, which is needed in the system to convert the ammonia 
into plant-essential nitrates.  24 hours after stocking fish, being daily water tests using 
the Water Test Kit. Each kit will have different instructions, but ensure that the kit 
obtained can be used to test pH, ammonia, nitrites and nitrates levels in the system. 
Sample water can be obtained from the grow bed delivery pipes. Until bacteria 
colonies are established, it is expected that the ammonia levels will be above 2.0ppm.
During this time pH is expected to be high, ranging between 7.2 and 7.4. Within a 
week, these levels should begin to drop, and nitrite should be present in the system, at 
about 2.0ppm as well. In the following week, nitrates should begin appearing in the 
system, while ammonia and nitrite levels should fall steadily below 0.5 ppm. By this 
time, pH levels should also have settled between 6.8 and 7.0.  The picture below 
demonstrates a water test kit results. 

This period is referred to as the cycling of the aquaponics system, and can take 
anywhere from 2 weeks to 2 months.  

For more information on fish cycling, please consult the -scale aquaponics food 
pr
Organization. It can be accessed via the link below. 
http://www.fao.org/3/a-i4021e/index.html 
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