
 
 

1 
 

Economics of Commercial Aquaponics in Hawaii 
Kanae Tokunaga1,2, Clyde Tamaru3, Harry Ako3, and PingSun Leung1 
1Department of Natural Resources and Environmental Management  

2Department of Economics 
3Department of Molecular Biosciences and Bioengineering 

University of Hawaii at Manoa 

 

1 Introduction 
Aquaponics integrates hydroponic vegetable production and aquaculture. The system was 

first developed by Dr. James Rakocy and his team at the University of the Virgin Islands as a 

way to produce large quantities of fish at high densities (Rakocy et al., 2006). In aquaponic 

systems, nutrient rich water is circulated from a fish tank(s) to vegetable grow beds. Vegetables 

act as a filter by using nutrients from the fish production and purifying the water to be circulated 

back to the fish tank. It is both water saving aquaculture technology and soil saving agricultural 

technology. This is the reason for aquaponics being touted as a sustainable food production 

practice.  

The aquaponics system has been modified from its original design to different versions that 

are currently in use. Ako and Baker developed an aquaponic lettuce and tilapia production 

system in Hawaii with a goal of lower capital and operational costs (Ako and Baker, 2009). Their 

study of the technology indicates that the system setup can vary and be modified depending on 

the farm’s location and hardware availability, though optimal conditions can only be achieved 

under appropriate aeration, feed, and biomass density (i.e. number of fish in the tank).   

While backyard aquaponics has become more common in recent years as a way to supply 

vegetables and fish for household consumption, several commercial-scale aquaponics farms have 

started operations in Hawaii. Yet, economic feasibility of commercial scale operation is unclear. 

There are some anecdotal evidences regarding the successes and failures of commercial-scale 

aquaponics operations; however, there are only a few formal economic analyses of large-scale 

operations and, there are, to the authors’ knowledge, no formal studies on operating commercial 

aquaponic farms.  

In this study, we are investigating the economic feasibility of commercial-scale aquaponics 

through comprehensive study of three aquaponics farms in Hawaii. We have obtained detailed 

economic and operational information from the farms and developed a model case for Hawaii to 
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analyze i) profitability of commercial-scale aquaponics, ii) their return on investment, and iii) 

input requirements for their operations. Through the study, we aim to supply necessary 

information for starting and operating commercial-scale aquaponic farms, and investigate the 

feasibility of establishing an aquaponics industry in Hawaii.  

 

1.1 Previous Studies on Economic Feasibility of Aquaponics 

There are only a few economic studies on large-scale aquaponics. Bailey et al. (1997) 

conducted an economic analysis of three different sizes of aquaponics system with the optimal 

production design features. The study found a scale effect; the bigger the system, the higher the 

rate of return. In their study, the largest system, which produced 20,160 heads of lettuce and 

1,428 kg weekly, had the highest rate of return with an internal rate of return (IRR) of 21.7%, 

compared to 9% from the system that produces 5,040 heads of lettuce and 357kg of tilapia 

weekly.  

To study the economic benefits of aquaponics, Rupasinghe and Kennedy  (2010) used the 

technical and production information from a case aquaponic farm that produces lettuce and 

barramundi. The farm is located in New South Wales, Australia, and is equipped with a 

vegetable raceway surface area of 550 m2 and a fish tank volume of 13,126 m3. The researchers 

compared the economic outcome of when the farm produced vegetables and fish separately, and 

when the farm produced vegetables and fish jointly using aquaponics. The study found that the 

integrated aquaponic system had a higher economic return, and the difference in the net present 

value between separate stand-alone system and integrated aquaponic system was $22,800.  The 

study points out that the economic returns were sensitive to prices of lettuce and barramundi; 

depending on the prices of barramundi and lettuce, the IRR ranged from 0% to 57%.      

In Hawaii, Baker (2010) calculated the breakeven price of aquaponic lettuce and tilapia 

production based on a hypothetical operation. The study estimates that the breakeven price of 

lettuce is $3.30/kg (= $1.50/lb) and tilapia is $11.01/kg (= $4.99/lb).  

The consensus from the above mentioned studies is that aquaponics is profitable. Though the 

studies provide crucial information to understand economics of aquaponics, we need to keep in 

mind that these studies analyzed experimental or hypothetical cases. In reality, commercial farms 

face more challenges, such as supply chain logistics issues and sub-optimal production 

performance. The assumed parameters in the previous studies may not be realistically attainable, 
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and it is therefore paramount to collect data from existing aquaponics farms for more realistic 

analysis.   

 

1.2 Background: Aquaponics in Hawaii 

Blessed with the sub-tropical climate, Hawaii is a suitable location for aquaponics production. 

As of 2013, there are at least five commercial-scale aquaponics operation in the state of Hawaii1. 

Aquaponic farms in Hawaii produce a variety of vegetables (lettuce, green onions, beets, 

tomatoes, etc.) and fish (tilapia and Chinese catfish). Among them, lettuce and tilapia account for 

most of the production. In Hawaii, some tilapia species that are commonly grown in aquaculture 

operations elsewhere are restricted due to ecological concerns. For this reason, two species, 

oreochromis mossambicus and oreochromis hornorum, are currently produced on aquaponic 

farms across the state.  

Hawaii relies on imports for a large part of its lettuce consumption. In 2007, the latest year 

with available information, 89% of the total lettuce consumed in the state was imported. In 

recent years, hydroponics lettuce production has pushed the share of locally produced lettuce 

upward. However, the reliance on the imported lettuce is still significant, and there is a room for 

aquaponics to close the gap between local production and consumption.  

Compared to terrestrial agriculture, hydroponics is generally believed to be more profitable. 

This may have contributed to the increasing trend in profitability of vegetable farms in Hawaii.  

In 2007, the average per acre net profit of the farms that produced vegetables and melons was 

$1,863, and 56% of the farms yielded positive net profit (Hemachandra et al., 2013). The 

vegetable and melon sector has fared much better when comparing to other agricultural 

enterprises in Hawaii and is the only sector that is found to be competitive with similar 

enterprises on the U.S. Mainland (Arita et al., 2012). It is hopeful that commercial-scale 

aquaponics would be an economically viable enterprise and contribute to increased profitability 

of Hawaii’s agriculture industry. 

There were 70 aquaculture operations in Hawaii in 2011 producing a total sales value of 

$39.97 million; that amount has since increased to a record high of $55.74 million in 2012.  In 

2011 (the most recent year with an available aquaculture sales breakdown), algae sales accounted 

for the largest share at 63.1% of the total sales value, followed by ornamental at 6.3%, finfish at 

3.7%, and shellfish at 1.0%.  The remaining 25.8% included seedstock, broodstock and 
                                                
1 We define commercial-scale farms as farms that are food-safety certified. 
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fingerlings (HASS 2013).   A recent study of the profitability of aquaculture farms (excluding 

algae) in Hawaii using the 2007 Census of Agriculture reveals that only 57.6% of the farms are 

profitable (Naomasa et al., 2013). On average, Hawaii imported 817,000 lbs. of tilapia annually 

in the years 2000 to 2009 (Geslani et al., 2012). Again, there is a gap in local supply and demand.  

 

2 Farms Studied 
To conduct this study, we contacted five farms in Hawaii with aquaponics production 

capacity. Among the five farms, we studied three farms extensively to analyze their investment 

and operational behavior. We visited the farms to gain basic understanding of their aquaponic 

system setup as well as their day-to-day operations in summer and fall of 2012. We followed up 

with the farm owners and managers via emails, phone calls, and face-to-face meetings to collect 

detailed information related to their investment, operational cost, and sales income. Table 1 

shows the basic information of the three farms studied extensively2.  Our case studies of the three 

farms indicate that all of them are yielding profit, with their MIRRs3 ranging from 8 – 13%.  

 
Table 1 Summary of the Farms 

 Iliili Farm* Kunia Country Farm Mari’s Gardens 

Location Waianae, Oahu Kunia, Oahu Mililani, Oahu 

Total raceway surface area (sq ft) 11,520 12,288 28,600 

Total fish production capacity 

(fish tank volume combined) (gal) 15,000 6,000 75,000 

Types of vegetables Lettuce Lettuce 

Lettuce, Tomatoes, 

Cucumbers, Beets 

Types of fish Tilapia 

Tilapia, Chinese 

Catfish 

Tilapia, Chinese 

Catfish 

Annual sales volume (vegetable, 

lbs) 183,209 62,400 66,221 

                                                
2 Please be aware that the numbers and description of the farms in this report reflect the 

situation at the time of this study. Their numbers and situation have changed as aquaponics is a 
relatively new and dynamic industry. 

3 MIRR stands for Modified Internal Rate of Return and is generally accepted as a superior 
measure than the usual IRR (Internal Rate of Return). 

* Iliili Farm’s annual sales volumes are based on the expected production volume.  
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Annual sales volume 

(fish, lbs) 1,252 0 15,643 

 

2.1 Iliili Farm 

Iliili Farm is located in Waianae, Oahu. The farm produces lettuce, green onions, Asian 

cabbages, and watercress and tilapia. Vegetables are sold directly to retail outlets and tilapia are 

sold to wholesalers. The system has a total raceway surface area of 11,520 sq. ft. with three 

5,000 gal. fish tanks. The farm expects to establish spawning and breeding systems in the near 

future.   

2.2 Kunia Country Farm 

Kunia Country Farm is located in Kunia, Oahu. The farm produces lettuce, which is sold to 

wholesalers who supply to supermarkets. Tilapia and Chinese catfish are grown but are not being 

sold in the market at the time of the study. Fish is solely used as a nutrient source for lettuce 

production. The system has a total raceway surface area of 12,288 sq. ft. with a 6,000 gal. fish 

tank.  

2.3 Mari’s Gardens 

Mari’s Gardens is located in Mililani, Oahu. The farm produces lettuce, tomato, cucumber, 

beet, blueberries, tilapia, and Chinese catfish. Both vegetables and fish are sold directly to 

wholesalers who supply to supermarkets and other small-scale retail venues. The system has a 

total raceway surface area of 28,600 sq. ft. with 75,000 gal. fish tanks.  

Mari’s garden has a large fish production capacity, which is unique to this farm. The farm is 

equipped with its own hatchery facility to produce fingerlings. The excess fingerlings are also for 

sale.   

 

3 Methodology 
Our study is comprised of two stages. In the first stage, we conducted economic analysis of 

each of the farms. We calculated each individual farm’s investment, operational costs, and sales 

revenue. We then analyzed their annual cash flow and return on their investment. In the second 

stage, we identified key production and economic parameters. Based on the information derived 

from the analyses of each of the three farms, we constructed a model case so that we can present 

detailed economic outcomes of the aquaponic farms without revealing confidential information 

supplied by the three cooperating farms.  
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3.1 Model Case 

Figure 1 shows the system setup for the model case. Because the farms we studied vary in the 

size of their raceways and fish tanks, we have made assumptions based on biological 

consideration as well as elements taken from each of the farms. One of the key assumptions is 

the mix of vegetable and fish production. The ratio between fish tank volume and vegetable grow 

bed surface area is assumed to be 1.63 gal/sq. ft. This is slightly above the average of the three 

farms, which is 1.47 gal./sq. ft., to be conservative. 

The model farm is equipped with four separate aquaponic systems, each consisting of one 

5,000 gal. fish tank, eight 384 sq. ft. raceways, a biofilter, a 0.2 kW water pump, and a 0.4 kW 

air blower. In total, the farm’s raceway surface area is 12,288 sq. ft. and fish tank volume is 

20,000 gal. 

Some farms use an external biofilter and others use volcanic cinder growing media, which 

also acts as biofilter. All farms have mechanisms to remove solids. For the sake of simplicity, we 

included a biofilter in our system.  

 
Figure 1 Model Case System Setup 

 
3.2 Financial Metrics 

The parameters derived from the analysis of individual farms were used to calculate the 

model case’s investment and operational cost, capital depreciation, and sales income. Based on 

those calculations, net income and net cash flow were calculated. Net income after tax can be 

calculated from  
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𝑁𝑒𝑡  𝐼𝑛𝑐𝑜𝑚𝑒  𝐴𝑓𝑡𝑒𝑟  𝑇𝑎𝑥=𝐺𝑟𝑜𝑠𝑠  𝐼𝑛𝑐𝑜𝑚𝑒  −𝑂𝑝𝑒𝑟𝑎𝑡𝑖𝑜𝑛𝑎𝑙  𝐶𝑜𝑠𝑡−𝐷𝑒𝑝𝑟𝑒𝑐𝑖𝑎𝑡𝑖𝑜𝑛∗1−𝐼𝑛𝑐𝑜𝑚𝑒  

𝑇𝑎𝑥  𝑅𝑎𝑡𝑒. 

Gross income is equivalent to sales revenue, which is the product of sales price and sales volume. 

By following the convention specified in Internal Revenue Service Publication 225, 150% 

double declining method with half-year convention was used to calculate the capital 

depreciation4. We assumed 30% income tax rate. Net cash flow is simply a sum of net income 

and depreciation. 

We also derived modified internal rate of return (MIRR) assuming a reinvestment rate of 

6%5,6. We calculated MIRR by assuming that the farm continues operation for 30 years. We 

assumed 3.2% inflation rate, which is the average inflation depicted by the consumer price index 

in Honolulu in the past three decades7.  

 

4 Data and Parameters 
We first identified key production and cost parameters from the individual farm analysis. The 

following sections discuss our operational assumptions and key parameters used in our analysis. 

They are also detailed in the appendix. 

 

4.1 Production schedule 

We chose lettuce and tilapia as products of the case aquaponic farm. On average, lettuce 

takes 46 days from germination to harvesting. At the time of harvest, each head of lettuce weighs 

0.4 lbs. The farms in our study reported that the size of lettuce and the time that it takes for a 

lettuce to reach marketable size vary depending on the weather.  For instance, lettuce grows 

faster and bigger during summer time, but the weight of a head may not be as heavy as it is 

                                                
4 IRS Pulication 225 Farme’s Tax Guide can be accesssed at <http://www.irs.gov/uac/Publication-225,-

Farmer's-Tax-Guide>.  
5 IRR is a commonly used indicator to express returns on investment. In this study, we show both IRR and 

MIRR. We decide to include MIRR because it is a better measure than IRR. Kierulff (2008) points out drawbacks of 
IRR; for instance, IRR assumes reinvestment rate to be equal to IRR and IRR fails to provide the rate when the cash 
flow goes from negative to positive multiple times. He also points out that MIRR allows us to set more realistic 
reinvestment and finance rate and can handle multiple cash flow switching.  

 
6 An reinvestment rate of 6% is deemed reasonable in our case as the rate of return for U.S. agriculture in 

general is about 3% and for irrigated agriculture is about 5% (Fischer Farm Services, n.d.;  State of Hawaii 
Agricultural Loan Division, n.d.)  

7 http://www.bls.gov/eag/eag.hi_honolulu_msa.htm#eag_hi_honolulu_msa2.f.1 
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during winter time. The production length and weight we used is the average of the three farms 

throughout the year.  We assume that lettuce is harvested and delivered twice a week.  

Tilapia takes 105 days from the time of spawning before it is ready for transfer to an 

aquaponics fish tank. Breeding/nursery tank is set up separately and is not connected to the 

aquaponics system. Once the fingerling is transferred to the aquaponics tank, it takes 13 months 

before the fish reaches marketable size of 1.25 lbs. We presume that fish is harvested once a 

week; this also means that there are different sizes of fish in aquaponics tanks.   
Table 2 Production Schedule 

Lettuce Production   

Number of days in nursery 14 days 
Number of days in aquaponics raceways 31.5 days 
Weight of a head when harvested 0.4 lbs 
Harvest and delivery timing 2 per week 

Tilapia Production   

Number of days in breeding/nursery tank 105 days 
Number of days in aquaponics tank 395 days 
Weight of a fish when harvested 1.25 lbs 
Harvest timing 1 per week 

 

4.2 Annual production 

We presume that both lettuce and tilapia are produced for retail sales. We take the production 

parameter from the farms we studied8. Table 3 shows the assumed production parameters. Based 

on the annual production parameters from our study of the three farms, we estimated the annual 

production of lettuce and fish to be 35,820 lbs. and 4,200 lbs. respectively. This is equivalent to 

89,549 heads of lettuce and 3,360 tilapias per year. At each harvesting cycle, 344 lbs. of lettuce 

and 81 lbs. of tilapia are harvested.  

 

 

                                                
8 Annual production per area for lettuce is taken from the average of two farms because this parameter for one 

of the farms we studied is far larger than the other two. The reason for this difference is most likely because of the 
high future expectation for the farm utilization and productivity in this one farm. In reality, parts of this farm is often 
vacant in between production cycles. However, this farm expects to eliminate this situation in the future and hence 
has much higher production parameter. We only use the numbers from the other two farms to keep our numbers 
more conservative. Annual production per volume for tilapia production is taken from one of the farms. This is due 
to the fact that this is the only farm that has reached stable and optimal fish production at the time of the study.  
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Table 3 Annual Production 

 Lettuce Tilapia 

Annual production per unit area or 

volume 2.92 lbs/sq ft 0.21 lbs/gal 

Annual production (in pounds) 35,820 lbs 4,200 lbs 

Annual production (in number of heads 

or fish) 89,549 heads 3,360 tilapias 

5 Results 
5.1 Investment Cost 

 

Table 4 shows the breakdown of investment cost. The total initial investment cost to 

construct the case aquaponics farm is $217,078.  The vegetable production part of the system 

accounts for 80% of the total initial investment cost9. The facility component, or materials used 

to build the system, is the largest cost component, comprising 49% of the total investment cost. 

The breakdown of the facility component cost is presented in Table 5. Materials used to build 

vegetable raceway cost $53,576, which is about a quarter of the total investment cost.  
 

Table 4 Investment Cost 

 Vegetable Fish Total 

Facility component 79,637 46% 26,307 61% 105,944 49% 

Labor 30,669 18% 8,917 21% 39,586 18% 

Machinery and equipment (rental and 

fuel cost) 39,983 23% 8,238 19% 48,221 22% 

Operational machinery and equipment 

purchase cost 23,327 13% - 0% 23,327 11% 

Total 173,616 100% 43,462 100% 217,078 100% 

 
Table 5 Facility Component Cost 

 Category       Cost ($) % of Total 
Vegetable raceway  Vegetable 53,576 51% 
Fish tank Fish 11,800 11% 

                                                
9 The cost is divided into vegetable and fish component. For the shared components, the cost is divided between 

vegetable and fish based on the estimated sales income share between the two. 
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Breeding tank Fish 7,400 7% 
Air blowers Shared 2,400 2% 
Water pump Shared 5,000 5% 
Reefer Shared 8,000 8% 
Office and warehouse Shared 17,768 17% 

Total  105,944 100% 

 

In our model case analysis, we suppose that the farm operates for 30 years. During its 

operation, some of the farm components and operation machinery wear out. Table 6 summarizes 

the useful life of each of the components. After the useful life is reached, they need to be 

replaced completely. The replacement of the facility components and other machinery during the 

30 years of operation totals $82,108. 

 
Table 6 Useful Life of Capital Components 

Components Useful Life (years) 
Vegetable raceway (exclude lining) 15 
Vegetable raceway lining 8 
Fish tank 15 
Breeding tank 15 
Air blowers 10 
Water pump 10 
Reefer 10 
Office and warehouse 30 
Van 10 

 

5.2 Operational Cost 

Table 7 shows the breakdown of operational costs. The total operational cost is $69,309, of 

which 76% comes from the vegetable production. This is due to the fact that labor cost is the 

highest cost category, which takes 46% of the total operational cost, and vegetable production is 

more labor intensive than fish production. Labor cost is the sum of wage and fringe benefits for 

the hired labor. Hourly wage is assumed to be $9.75. In addition to the wage expenses, labor cost 

includes fringe benefits, which are assumed to be 40% of the total wage. 
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Table 8 shows the breakdown of weekly labor hours by activity types. Because aquaponics 

vegetable production requires minimal weeding and spraying, the majority of the labor hours are 

spent dealing with harvesting and post-harvest activities. Processing and packing takes 44% of 

the labor hours. Our operation assumes two times harvest and delivering per week. If we increase 

the frequency of harvesting and delivering, labor hours may increase. 

Fish production does not require much labor input. Feeding hours may be further reduced by 

using automatic feeder. For all the farms we studied who sell fish, wholesalers pick up the live 

fish directly from the farm. Hence, there is no labor input associated with processing and 

delivering of the fish.  

The second largest operational cost component is electricity. Table 9 summarizes the 

electricity demands of the system. Air blowers, water pumps, and reefer are the only components 

that require electricity, and they are critical to the aquaponics operation. Air blowers and water 

pumps are running at all times. We also assume that reefer are plugged in at all times. However, 

this may not be the case if reefer is plugged in only between harvesting and delivering. Because 

reefer requires large electricity input, the electricity cost can be reduced by $5,372 if the reefer 

usage can be reduced by half.  

Because aquaponics systems recirculate water, water is added to the system only to replace 

some of the lost water from evaporation (primarily transpiration from plant leaves) and leakage. 

We assume that 1,358 gal of water must be added to the system annually. However, it is 

important to note that some farms we studied had not added any water since the beginning of the 

operation thanks to abundant precipitation. Depending on the farm location and weather, water 

requirements vary.  

Feed cost is the largest cost component for fish production. We estimate feed cost to be $0.92 

per lb and suppose 151 lbs of feed are fed per week to meet weekly tilapia production of 81 lbs.  

The only chemical input to the system is iron chelate. We suppose that 10 lbs. of iron chelate 

are used annually. Aside from this, organic fungicide is used.   

 
Table 7 Operational Cost 

 Lettuce Fish Total 

Labor 29,924 57% 1,918 14% 31,842 48% 

Electricity 11,890 23% 3,242 24% 15,132 23% 

Water 3,265 6% 890 6% 4,155 6% 
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Seed and seed bed 1,122 2% - 0% 1,122 2% 

Feed - 0% 7,216 52% 7,216 11% 

Chemicals 1,209 2% - 0% 1,209 2% 

Machinery and equipment fuel cost 3,122 6% - 0% 3,122 5% 

Land rental cost 1,874 4% 511 4% 2,385 4% 

Total 52,406 100% 13,777 100% 66,183 100% 

 
Table 8 Weekly Labor Hours 

Lettuce Production Weekly Hours 

 Plant seeds 4.68 10% 

 Move plants from nursery bed to raceway 4.68 10% 

 Spraying 1.66 4% 

 Pest control 1.39 3% 

 Harvest 5.78 13% 

 Processing and packaging 19.86 44% 

 Delivering 4.00 9% 

    

Tilapia Production   

 Stocking fish tank 0.50 1% 

 Feeding fish 0.50 1% 

    

Breeding   

 Breeding fish 1.38 3% 

 Feeding fingerling 0.31 1% 

    

Total  44.74 100% 

 
Table 9 Electricity 

Other components   

Air blowers   

 Electricity requirement  0.4 
2kW ( = 0.59 

horsepower) 

 Number of air blowers 4 air blowers 



 
 

13 
 

Water pumps   

 Electricity requirement  0.2 
kW (= 0.20 

horsepower) 

 Number of water pumps 4 water pumps 

Reefer   

 Electricity requirement  5.8 
kW (= 7.71 

horsepower) 

 Number of reefer 1  

 

5.3 Sales Income 

Table 10 shows the annual sales income based on the production parameters discussed in 

Section 4.2 for the model farm. We take the average farm-gate price of aquaponic lettuce, $2.15 

per lb., and of tilapia, $5.00 per lb. Given the annual production of 35,820 lbs of lettuce and 

4,200 lbs of tilapia, annual total sales income is $98,012, where 79% of the sales income will 

come from lettuce sales.  
Table 10 Annual Production and Sales Income 

 Lettuce Tilapia 

Price 2.15 USD per lb 5.00 USD per lb 

Annual production 35,820 lbs 4,200 lbs 

Annual sales income 77,012 USD 21,000 USD 

 

5.4 Net Income and Cash Flow 

We assume that the farm produces lettuce and tilapia for 30 years. Figure 2 shows the net 

income and net cash flow from the farm’s operation. The solid line shows the net income and 

dashed line shows the net cash flow. Because net cash flow is the sum of net income and 

depreciation, the gap between the two graphs is depreciation.  



 
 

14 
 

Figure 2 Net Income and Net Cash Flow 

 
 

Both net income and net cash flow are not smooth because some of the capital components need to be replaced during the 

life of the farm. As discussed earlier, we follow IRS publication 225; we use recovery period under General Depreciation 

System (GDS) and 150% double declining method to calculate the depreciation. The recovery periods used to calculate 

depreciation do not necessarily match the actual useful life of the capital components.   
 

Table 11 is the list of capital components and their useful lives in years along with GDS 

recovery period. We suppose that those components will be disposed with no salvage value and 

replaced after their useful lives are over. Among the listed components, vegetable raceway is the 

most costly component, followed by van. The convergence between net income and net cash 

flow is mainly due to the depreciation of vegetable raceway and van by the year 27.  

 
Table 11 Useful Life in Years 

Capital Components Useful Life (years) 
GDS Recovery 

Period 
Vegetable raceway (exclude lining) 15 10 
Vegetable raceway lining 7.5 7 
Fish tank 15 10 
Breeding tank 15 10 
Air blowers 10 7 
Water pump 10 7 
Reefer 10 7 
Office and warehouse 30 10 
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Van 10 5 

 

Overall, the farm yields positive net income and cash flow from year one on and throughout 

the projected life of the farm’s operation. We find that the model case’s modified internal rate of 

return (MIRR) is 7.36%, with 6% finance rate and 6% reinvestment rate. By viewing aquaponics 

operation as an investment option, it is a worthwhile investment although quite marginal, as its 

MIRR of 7.36% is only slightly higher than the assumed reinvestment rate of 6%, the 

opportunity cost of capital.   

 

6 Sensitivity and Decision Reversal Analysis  
The results presented in the previous section are dependent on the assumed values of all the 

parameters. In this section, we investigate how sensitive our results are to changes in some of the 

key parameters. In particular, we are interested in how changes in sales price, wage, feed cost, 

and electricity rate would affect the overall economic outcome, measured by MIRR.  

Figure 3 summarizes the results from the sensitivity analysis by showing the MIRR’s 

sensitivity for lettuce price, tilapia price, wage, feed cost, and electricity rate. The horizontal axis 

shows the percentage deviation from the baseline parameter values used in the analysis and the 

vertical axis shows the corresponding MIRRs. The baseline MIRR can be found at the point 

where horizontal axis value (deviation from the baseline) is 0% and the vertical axis value 

(MIRR) is 7.36%.  

In the figure, lettuce and tilapia price relations are upward sloping while others are 

downward sloping, indicating that an increase in prices will lead to an increase in MIRR, and an 

increase in costs will lead to a decrease in MIRR. The slope of a particular line shows the 

sensitivity of that parameter to MIRR. The steeper the slope is, the more sensitive the MIRR is to 

the parameter. We find that lettuce price has the largest slope, indicating that MIRR is most 

sensitive to lettuce price. The figure shows that a 10% MIRR can be achieved by a 40% increase 

in lettuce price. Conversely, a 40% decrease in lettuce price would result in a 0% MIRR. On the 

other hand, feed cost has the smallest slope, indicating that MIRR is not as sensitive to feed cost. 

Within the range of feed cost parameter assumption shown in the figure, MIRR differs only by 

1.66%. In sum, MIRR is most sensitive to lettuce price and least sensitive to feed cost. 
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Figure 3 MIRR Sensitivity to Parameter Values 

 

 
Table 12 Parameter Sensitivity to Revenue and Operational Cost 
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Lettuce	  Price	   Tilapia	  Price	   Wage	   Feed	  Cost	   Electricity	  

Parameter 

Average % change 

in sales income for 

a 1% increase in 

parameter Baseline Minimum Maximum 

Lettuce Price + 0.80 $2.15 $1.07 $4.30 

Tilapia Price + 0.25 $5.00 $2.50 $10.00 

     

Parameter 

Average % change 

in operational cost 

for a 1% increase in 

parameter Baseline Minimum Maximum 

Wage + 0.54 $9.75/hr $6.83/hr $19.50/hr 

Feed Cost + 0.13 $0.92/lb $0.46/lb $1.84/lb 

Electricity + 0.28  $ 0.21/kWh  $0.14/kWh $0.42/kWh 
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To further analyze the sensitivity to parameter values,  

Table 12 shows how changes in each of the price and cost components affect revenue and 

operational cost. The first column in the table shows the percentage change in revenue and 

operational cost when a parameter value changes by 1%. The minimum and maximum values 

assumed are presented in the table along with the baseline value used in the analysis.  In the table, 

we find that a 1% increase in lettuce price increases revenue by 0.8%, while a 1% increase in 

tilapia price increases revenue by 0.25%. Among other cost components analyzed, operational 

cost is most sensitive to the change in wage, followed by electricity rate; 1 % increase in wage 

leads to 0.54% increase in operational cost. 1 % increase in electricity leads to 0.28% increase in 

operational cost. Feed cost has the least impacts; 1% increase in feed cost contributes to 0.13% 

increase in operational cost.  

We next present the results of the decision reversal analysis, which provides the level that 

each key parameter (independently) can assume before the model case aquaponic operation 

becomes economically infeasible, i.e., when MIRR falls below 6%.  Table 13 shows the required 

levels of revenue and operational costs that ensure the investment in aquaponics is worthwhile. 

In order for an investment in an aquaponic farm to be worthwhile, the MIRR for the investment 

must be greater than the assumed reinvestment and financing rate of 6%. We find that annual 

revenue has to be greater than $88,094 or the operational cost has to be less than $76,809 for 

aquaponics to be a viable option10.  

Table 14 shows the results of decision reversal analysis with various key parameters. To 

ensure that the investment in aquaponics is worthwhile, lettuce and tilapia has to be at least 

$1.86/lb and $2.51/lb respectively. Hourly wage can increase up to $12.80. Feed cost and feed 

conversion ratio can increase by around 84%. Per kWh electricity cost can increase up to $0.36.    

Next, we investigate the required levels of the key parameters needed to achieve the various 

levels of MIRR.   In Table 15 and Table 16, we present the values of the key variables and 

parameters under MIRR of 0%, 5%, 7.5%, 10%, and 15%.  

Table 15 shows revenue and operational cost under various levels of MIRR along with the 

baseline values. We find that it is impossible to achieve a 15% MIRR solely by cutting 

operational cost. To achieve MIRR of 15%, annual revenue needs to increase by 2.6 times, or by 

$152,966, from the baseline. MIRR of 10% can be achieved by increase in annual revenue of 

                                                
10 All output and input prices, costs, and revenues are expressed in nominal terms. We use first year values as 

baseline and assume inflation rate of 3.2%.   
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$28,115 or decrease in annual operational cost of $28,095. MIRR would fall below 0% if the 

annual revenue decreases by $30,784 or annual operational cost increases by $30,739.  

Table 16 shows the required individual price and cost parameter values to achieve various 

desired level of MIRR. The table indicates that 15% MIRR can be achieved by raising the price 

of lettuce to $6.49/lb or by raising the price of tilapia to $40.97/lb independently. These prices 

are not easy to attain. However, a 10% MIRR seems to be a more realistic and attainable goal, as 

the price of lettuce needs to be raised only by $0.78 from the baseline. We found from the survey 

of our aquaponic farms that lettuce certified organic by the USDA can fetch a price of $4.00 to 

$5.00 per pound. With this higher price, MIRR can reach up to a range of 12 – 13%.  

As we find in our sensitivity analysis, the results are not as sensitive to feed cost as other cost 

components. In Table 16, we see that decrease in feed price or feed conversion ratio by 

themselves cannot achieve a 10% or 15% MIRR.  It is also unlikely for an hourly wage to fall 

below the current minimum wage of $7.25. Hence, in order to achieve higher MIRR by reducing 

labor cost, farms need to reduce labor input. One way to do this is by mechanizing. For instance, 

hours spent on seeding may be reduced by an introduction of seeding equipment.  Another way 

is by increasing labor productivity. Farms may be able to reduce labor hours with highly skilled 

agricultural labor. Either adjustement, however, cannot mitigate the labor cost completely. 

Because aquaponics operation is labor-intensive, there is a limit to achieving high MIRR by 

reducing labor cost.  

Compared to reducing labor cost, reducing electricity may be more realistic and relatively 

easy. There are two ways to reduce electricity cost: reducing electricity usage and switching to 

on-farm renewable energy production. In our analysis, we assume that the farm requires194 kWh 

of electricity daily, of which 71% of the electricity demand is attributable to the reefer. Therefore, 

the easiest way to cut electricity usage is turning off the reefer whenever it is not in use. By 

reducing reefer usage by half, MIRR can increase by 0.61%. A farm can also reduce energy use 

by switching to more energy efficient models of pumps and reefers. U.S. Environmental 

Protection Agency’s Energy Star Program provides a list of energy efficient equipment11.  A 

10% reduction in total energy use can result in MIRR to increase by 0.18%. 

Another way to reduce electricity cost is by deploying on-farm renewable energy production. 

Some farms we studied invested in solar photovoltaic (PV) system to reduce some of the 

electricity cost. For our model case, in order to mitigate 194 kWh of daily electricity demand, a 
                                                
11 http://www.energystar.gov/ 
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solar PV system with 44,460-watt capacity12 is required.  This would normally cost about 

$72,000 for the equipment and $96,000 for installation, a total of $168,000 without any 

government incentives13. This investment in renewable technology will pay off in 8 to 9 years by 

assuming 3.2% inflation rate for electricity cost14. With the PV system, MIRR increases 

marginally to 7.44%. Although installing a PV system to mitigate electricity cost is clearly 

worthwhile, its impact on overall economic outcome of the farm is trivial. This is partly because 

electricity cost is only 23% of the total operational cost, in addition to the fact that MIRR is less 

sensitive to a change in operational cost than a change in sales revenue. It is also possible that 

future electricity rates may be higher than what we expect. On average, the rate of electricity has 

increased 3.68% every year in the past 30 years. This is only slightly higher than the assumed 

inflation rate in this study.  However, if we look at the past 10 years, on average, electricity cost 

has gone up more than 10% every year15. What’s more, the rate has been more volatile than 

before; this means increased uncertainty in predicting cost of electricity. These pose potential 

economic risk for aquaponics operation. On-farm renewable energy production can mitigate such 

risks that derive from potential hikes in electricity cost.  Farms can also utilize government 

incentives, such as Federal Business Investment Tax Credit or State Solar and Wind Energy 

Credit, in order to reduce the cost of installing renewable energy on the farm16, 17.   
 

Table 13 Decision Reversal Analysis on Revenue and Operational Cost 

 Baseline 
Decision Reversal 

MIRR = 6% 
% Change from 

Baseline 
Revenue ($) 98,012 88,094 -10.66% 
Operational Cost ($) 66,183 76,809 +14.86% 
 

 

Table 14 Decision Reversal Analysis on Key Parameters  

 Baseline 
Decision Reversal 

MIRR = 6% 
% Change from 

Baseline 

                                                
12 This estimation assumes 90% orientation, tilt, and shading at the location with 5.5 peak sun 

hours.  
13 This information is provided by a solar photovoltaic installation vender on Oahu, Hawaii.  
14 This is the same inflation rate used for all other prices and costs in this study.  
15 http://dbedt.hawaii.gov/economic/databook/data_book_time_series/ 
16 http://www.dsireusa.org/incentives/incentive.cfm?Incentive_Code=US02F 
17 http://www.dsireusa.org/incentives/incentive.cfm?Incentive_Code=HI02F&re=1&ee=1 
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Lettuce Price ($/lb) 2.15 1.86 -14.26% 
Tilapia Price ($/lb) 5.00 2.51 -66.20% 
Wage ($/hr) 9.75 12.80 +27.08% 
Feed Cost ($/lb) 0.92 2.24 +83.65% 
Feed Conversion Ratio 1.87 4.56 +83.65% 
Electricity ($/kWh) 0.21 0.36 +50.50% 

 

 

Table 15 Required Values of Revenue and Operational Cost to Achieve Various Levels of MIRR 

MIRR 

 

Baseline 

7.36% 0% 5% 7.50% 10% 15% 

Revenue 98,012 67,228 82,241 99,024 126,127 250,987 

Operational Cost 66,183 96,922 82,338 65,193 38,088 NA* 

 
Table 16 Required Values of Key Parameters to Achieve Various Levels of MIRR 

MIRR 

 

Most 

Likely 

Case 

7.36% 0% 5% 7.50% 10% 15% 

Lettuce Price ($) 2.15 1.29 1.72 2.18 2.93 6.49 

Tilapia Price ($) 5.00 NA* 1.22 5.23 11.78 40.97 

Wage ($/hr) 9.75 19.18 14.58 9.51 1.31 NA* 

Feed Price ($/lb) 0.92 4.84 2.94 0.86 NA* NA* 

Feed Conversion Ratio 1.87 9.85 5.99 1.76 NA* NA* 

Electricity ($/kWh) 0.21 0.65 0.43 0.20 NA* NA* 

 
 

 

* Negative value is returned for the given MIRR. 

* Negative values are returned for the given MIRR. 
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7 Discussion and Conclusion 
We studied the financial situations of three commercial scale aquaponics farms in Hawaii to 

understand economic feasibility of commercial scale aquaponics operation. We found that 

commercial scale aquaponics is economically feasible and profitable to some degree.  

From the studies of the three farms, we found that all three farms are yielding positive profit. 

The average MIRR from the three commercial farms included in this study is 10.93%. Although 

the number of aquaponics farms are limited, this is somewhat promising compared to the results 

of recent studies on Hawaii’s vegetable and aquaculture farms, which found that about 40% of 

the farms were not profitable (Naomasa et al., 2013; Hemachandra et al., 2013). 

Based on the case studies, we set up a model case to depict investment and operational cost 

in detail. We found that aquaponics requires a large initial investment to set up the farm for 

operation. Our study shows a total investment cost of $217,078 for the model farm with a 

raceway surface area of 12,288 sq. ft. and a fish tank volume of 20,000 gal.  About half of the 

total initial investment cost is used to purchase various facility components such as fish tank(s) 

and lumber used to build vegetable raceways.  In addition to this initial investment, some of the 

facility components wear out and need to be replaced during thirty years of operation.  At the 

time of this publication, at least two of the farms are in the process of modifying their designs for 

the purpose of improving productivity. 

We found that it costs $66,183 annually to operate the model farm. We also found that 

aquaponic vegetable production is very labor intensive, where labor cost accounts for over a 

third of total annual operational cost. Our model case requires 44.74 hours of labor per week. 

The labor requirement, however, could be reduced somewhat with mechanization such as 

automatic feeders and seeders, and at the time of this publication, automatic feeders and seeders 

are being purchased and installed at these farms.  

Overall, cash flow for the model case is shown to be positive throughout the 30 years of 

operation with a MIRR of 7.36%. Our MIRR is lower than the average MIRR from the case 

studies of the existing farms. To investigate this, we complemented our study of the model case 

with sensitivity analysis. We found that the overall economic outcome is most sensitive to lettuce 

price. In other words, a farm’s profitability increases dramatically when it can attain a higher 

lettuce price in the market. From the survey of the farms, we found that organic certification of 

lettuce increase farm gate price to $4 - $5, which results in an increase in MIRR to 12 – 13%.  

Two of the three farms have organic certification. Another way to attain a higher price is by 
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clearly differentiating the crop as an aquaponically-produced product. Labeling of aquaponics 

products could capture some of the characteristics desired by consumers, leading to higher prices 

for aquaponically-produced vegetables.  

Among the operational cost components analyzed, we found that the overall operational cost 

is most sensitive to hourly wage, followed by electricity cost. We found that feed cost is least 

sensitive. Because farms are bounded by minimum wage law, it is unlikely that the farms can 

reduce operational cost by reducing hourly wage. Hence, the most sensible way to reduce 

operational cost is through reducing electricity cost. The easiest way is to reduce usage of reefer 

to the minimal. We find that MIRR increases by 0.61% by reducing reefer usage to half. 

Alternatively, farms can invest in renewable energy technology. For example, investing in solar 

photovoltaic system pays off in 8 – 9 years even without receiving government incentives, and 

all three farms use solar extensively.  

We conducted decision reversal analysis to show required level of revenue and cost to make 

investment in aquaponics worthwhile. We found that revenue cannot fall more than 11% and 

operational cost cannot increase more than 15% from the baseline.  

We also found that the farm cannot attain 15% MIRR solely from reducing operational cost. 

In order to achieve 15% MIRR, farms must either increase price of products or increase 

production volume. This is related to the fact that the farm’s economic outcome is more sensitive 

to the revenue rather than operational cost and relatively small operational cost compared to 

initial investment. It seems that 10% MIRR is a realistic goal, as this can be achieved solely by 

increasing lettuce price by $0.78 from the baseline.  

Commercial farms also face a chance of incurring a catastrophic event. For instance, two of 

the farms we studied experienced a loss of their entire crops due to pest infestation. This caused 

them severe economic damage, including the loss of a key vender in one case.  Even if they had 

not lost the account, the loss would still be significant. By using the model case as an example, 

the loss of the entire vegetable crop translates to a 17% loss of the total annual production 

volume, which is equivalent to $13,292 of lost sales revenue. Our decision reversal analysis 

suggests that total annual revenues have to be at least $88,094 for an investment in aquaponics to 

be worthwhile.  A loss of the entire vegetable crop can happen no more than 19 times during the 

30 year period of operation for the farm to maintain average annual revenues above the required 

level of $88,094. In other words, an investment in aquaponics becomes not worthwhile if the loss 

of the entire vegetable crop occurs more than 19 times during 30 years of operation.      
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In conclusion, given our findings, economic performance of commercial scale aquaponics is 

promising, though it is not as optimistic as reported in previous studies. This suggests a strong 

potential for an aquaponics industry and for aquaponics technology to play a larger role in 

supplying both vegetable and fish in the local market.  

We have observed that aquaponically-produced vegetables gain higher market value. Yet, 

formal studies need to be done to estimate the price premium to evaluate whether consumers 

distinguish aquaponically-grown vegetables differently. Because the overall economic outcome 

is very sensitive to the product prices, understanding consumer behavior towards aquaponically 

grown products is particularly important in order to ensure the success of the aquaponics industry.  

 Although vegetable production is the driving force of economic outcome, there is a 

potential to increase profitability from fish production by increasing production volume. 

Research in the area of shortening the length of production period can increase profitability. We 

also need to investigate the market for farmed fish in Hawaii to evaluate how much 

aquaponically-produced fish can be absorbed by the market.  

There are also risks for farms contracting pests or diseases that could reverse the economic 

outlook. Because aquaponics systems integrate fish farming and vegetable production, disease 

outbreak in fish can affect vegetable production and vice versa. More studies need to be done to 

cope with the ways to deal with such problems that can only arise from connecting the two 

production systems.  

Our estimated profitability is lower than the previous studies on large-scale aquaponics 

operations. This may be because our estimates are based on actual existing commercial 

aquaponics operations rather than an experimental case, as in the previous studies. Commercial 

operations face many challenges in their day-to-day operations, such as weather conditions and 

supply chain logistics issues. As farms and industry mature, however, it is possible that their 

productivity may increase to attain an even higher economic outcome.  

We are optimistic about the potential for an aquaponics industry in Hawaii. However, we 

also feel the need to sustain research in the areas of understanding vegetable and fish markets, 

and developing effective response mechanism in the instance of pest or disease outbreak. Both 

are vital for the success of the aquaponics industry. 
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APPENDIX 

Model Case System Specifications 
Vegetable raceways   

 Length 96 ft 

 Width 4 ft 

 Surface area per raceway 384 sq ft 

 Number of raceways 32 raceways 

 Total surface area for vegetable production 12,288 sq ft 

Fish tanks   

 Diameter 17 ft 

 Depth 3 ft 

 Fish tank volume 5,000 gal 

 Number of fish tanks 4 tanks 

 Total fish tank volume 20,000 gal 

    

Fish tank volume per sq ft of surface area 1.63 gal/sq ft 

    

Breeding tanks   

 Breeding tank volume 400 gal 

 Number of breeding tanks 1 tanks 

 Total breeding tank volume 400 gal 

 

Input Cost 
 Cost Unit 
Electricity 0.213 per kWh 
Water 3.06 per gal 
Seed  0.00255 per head 
Seed bed 0.00872 per head 
Feed 0.918 per lb 
Iron chelate          2.39  per lb 
M-pede 26.6 per lb 
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Cash Flow Analysis 

Yr 

Gross 

Income 

Operational 

Cost 

Depreci-

ation 

Taxable 

Income 

Tax 

Rate 

Net 

Income 

Net Cash 

Flow 

Investing 

Activity Cash Flow 

0 - - - - - - - 217,078 (217,078) 

1 98,012 66,183 12,253 19,576 30% 13,703 25,956 - 25,956 

2 101,148 68,301 21,970 10,877 30% 7,614 29,584 - 29,584 

3 104,385 70,487 17,473 16,425 30% 11,498 28,971 - 28,971 

4 107,725 72,742 15,066 19,917 30% 13,942 29,008 - 29,008 

5 111,173 75,070 14,028 22,075 30% 15,453 29,480 - 29,480 

6 114,730 77,472 12,084 25,173 30% 17,621 29,706 - 29,706 

7 118,402 79,951 10,141 28,309 30% 19,816 29,957 12,490 17,467 

8 122,190 82,510 9,903 29,778 30% 20,845 30,747 - 30,747 

9 126,100 85,150 9,385 31,565 30% 22,096 31,481 - 31,481 

10 130,136 87,875 8,887 33,373 30% 23,361 32,249 53,065 (20,817) 

11 134,300 90,687 12,074 31,539 30% 22,077 34,151 - 34,151 

12 138,598 93,589 13,676 31,333 30% 21,933 35,609 - 35,609 

13 143,033 96,584 10,365 36,084 30% 25,259 35,624 - 35,624 

14 147,610 99,674 9,397 38,538 30% 26,977 36,374 - 36,374 

15 152,333 102,864 8,654 40,816 30% 28,571 37,225 177,840 (140,616) 

16 157,208 106,156 14,504 36,548 30% 25,584 40,088 - 40,088 

17 162,239 109,553 19,602 33,083 30% 23,158 42,761 - 42,761 

18 167,430 113,058 15,565 38,807 30% 27,165 42,730 - 42,730 

19 172,788 116,676 12,049 44,062 30% 30,844 42,893 - 42,893 

20 178,317 120,410 10,750 47,157 30% 33,010 43,760 72,712 (28,952) 

21 184,023 124,263 20,418 39,343 30% 27,540 47,958 - 47,958 

22 189,912 128,239 27,450 34,222 30% 23,956 51,406 20,034 31,372 

23 195,989 132,343 24,045 39,602 30% 27,721 51,766 - 51,766 

24 202,261 136,578 23,401 42,282 30% 29,597 52,998 - 52,998 

25 208,733 140,949 22,603 45,182 30% 31,627 54,230 - 54,230 

26 215,413 145,459 13,994 55,960 30% 39,172 53,166 - 53,166 

27 222,306 150,114 5,928 66,265 30% 46,385 52,313 - 52,313 

28 229,420 154,917 4,157 70,346 30% 49,242 53,399 - 53,399 

29 236,761 159,875 2,386 74,501 30% 52,150 54,536 - 54,536 

30 244,338 164,991 1,193 78,154 30% 54,708 55,901 - 55,901 
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        IRR 10.99% 

        MIRR 7.36% 
 

 

Aquaponics Online Resources 
Aquaponics in Hawaii Conference (Conference Recording) 

CTAHR Sustainable and Organic Agriculture Program 

 

Farms Studied 

 



 
 

29 
 

 



 
 

30 
 

 

 

 


