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Abstract  

Aquaponics, the combined rearing of fish and hydroponic horticulture, has great potential for 

sustainable food production. Despite increasing research and investments in commercial scale 

systems, aquaponics is not yet a successful industry and most businesses report negative returns. 

Aquaponic produce is thought to contain added value to the consumer, and the environment. 

As most consumers are unaware of aquaponics and their benefits, little is known of its potential 

market. The present study addresses this gap by analysing willingness to consume aquaponic 

produce at different price levels in Israel and Australia. We used econometric tools to study the 

effects of pricing and other factors on revenues in each country. Cluster analysis was used to 

define groups of potential consumers. The results indicate that 17-30% of the population in both 

Israel and Australia would prefer to consume aquaponic produce once informed of their added 

value. Revenues at a given premium would be higher in Israel than in Australia, and higher for 

a leafy green, than for fish. Different segments of the population differed in their willingness to 

consume aquaponic produce, as well as in their stated motivations when purchasing food. 
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Conclusions highlight the importance of case-specific research on consumer preferences and 

economic considerations preceding commercial investment in aquaponics. 

Key words: aquaponics; consumers; motivations; cluster analysis; market potential; 

willingness to consume. 

 

1. Introduction 

Aquaponics is a term that combines “aquaculture” and “hydroponics”. It refers to systems 

that integrate fish production in a closed system and soilless plant cultivation. Applying the 

ancient concept of integrated farming, aquaponics recirculates nutrient-rich effluent water from 

aquaculture to be used by plants that consume the nutrients. In this biological process bacterial 

cultures make nutrients available for plants and the water is thereby cleaned for reuse in the 

aquaculture tanks (Rakocy, 2012).  

1.1 Aquaponics as a sustainable agricultural system  

The ability to harvest both fish and plants from a closed system with little input other 

than fish feed, has a large potential in supplying growing food demands, especially in urban 

areas with short supply chains (dos Santos, 2016; Hindelang et al., 2014; Laidlaw and Magee, 

2014), as well as rural areas, and developing countries (Somerville et al., 2014; Nichols and 

Savidov, 2011).  

Aquaponics includes a variety of different production systems that can yield many types 

of edible plants and fish, thereby contributing to food security. Because of the chemical-free 

process that emulates the natural nutrient cycle, aquaponics is often referred to as an organic 

way of growing food (Goda et al., 2015; Gooley and Gavine, 2003). 

The water efficiency of aquaponics is due to the recirculation of water in these systems, 

requiring only compensation for water losses due to transpiration and evaporation (Forchino et 

al., 2017; Tyson et al., 2011). Different system designs and climates lead to different levels of 

water efficiency when compared to soil-based cultivation, and range from 2.37 times (Love and 

Tokunaga, 2015) to 10 (McMurtry et al., 1997) times more efficient water use. With minimal 

water use and impact on the environment compared to conventional farming systems, it could 

play a significant role also in regions of high climate risk including arid areas (Goddek et al., 

2015; McMurtry et al., 1997).  

Reduced use of fertilisers for plant growth is achieved by utilising nutrients released in 

aquaculture effluents. There is generally a need to add limited amounts of minerals such as 



calcium (Ca), potassium (K) and iron (Fe) to the aquaponic system, depending on the crops and 

growth stage but overall there is considerable reduction in fertiliser use (Rakocy et al., 1997; 

Tyson et al., 2011) as compared to conventional farming schemes.    

Other proclaimed environmental benefits of aquaponic production are waste reduction, 

supporting urban farming, and climate change mitigation through energy efficiency (Goddek et 

al., 2015).  

1.2 Technical and economic constraints on the development of commercial aquaponics 

Despite its potential and interest by governments (Engle, 2015; Joly, Junge, and 

Bardocz, 2015) and international institutions, such as the European Union (König et al. 2018; 

Milliken, 2017) and the United Nations (Somerville et al., 2014, FAO 2019), the aquaponic 

industry has not spread widely and there are only a few commercial-scale aquaponic systems 

that make a profit from food production alone (Love et al., 2015; Villarroel et al., 2016).  

Substantial research was conducted on aquaponics in the past decade (Junge et al., 

2017), focusing mostly on the study of complex production systems, aimed to optimise the 

mechanical and biological aspects of aquaponics (Greenfeld et al. 2018). Several studies 

explored economic feasibility of current systems and reported a range of results from 

established profitability in the Virgin Islands (Bailey and Ferrarezi, 2017; Bailey et al., 1997; 

Rakocy et al., 2003), to marginal or partial profitability in other places (Bosma et al., 2017; 

Goodman, 2011; Love, Uhl, and Genello, 2015; Tokunaga et al., 2015).  

A common conclusion from these economic assessments and reviews is that 

profitability can be enhanced by improving the public perception of aquaponics (Tyson et al., 

2011). Unlike cost reduction, which has been explored in studies optimising production, few 

studies have addressed ways to increase revenue by improved marketing (Greenfeld et al., 

2018). Several authors highlight the importance of consumer perception for the development of 

an aquaponics industry (Bosma et al., 2017; Goddek et al., 2015; Junge et al., 2017; Vermeulen 

and Kamstra, 2013) and for sustainable agriculture in general (Sage, 2012). 

In the following section we present current understanding on the willingness of 

consumers to pay for the added value of aquaponics or products that have similar added value.  

1.3 Consumer perspective and willingness to pay for added value of aquaponic products  

Acceptance of aquaponic produce has been addressed in several countries. Positive 

attitudes were found amongst representative consumers in Alberta, Canada (Savidov, 2003), 



Minnesota, USA (Short et al., 2017), Romania (Zugravu et al., 2016) and Malaysia (Tamin et 

al., 2015), where most respondents expressed intentions to consume produce from aquaponic 

systems once they were made available. In Berlin, Germany, on the other hand, most of the 

sampled population rejected the idea of aquaponics, and did not express an intent to consume 

aquaponic produce (Specht et al., 2016).  

Studies that asked respondents about their reservations regarding aquaponic products, 

mainly reported on concerns about public health being negatively affected by aquaponics 

(Miličić et al., 2017; Savidov, 2003; Short et al., 2017; Specht et al., 2016).  

Consumer views of products with added value have been studied extensively. It is 

commonly quantified as willingness to pay (WTP) for added value (Breidert, Hahsler, and 

Reutterer, 2006), or as willingness to consume (WTC) (Vanhonacker et al., 2013). The labelling 

of products, defining them as possessing added value such as “organic”, “locally grown” or 

“healthy” was found to increase WTP in many countries (Janssen and Hamm, 2012). Consumer 

surveys addressing WTP may be biased by referring to hypothetical consumption questions 

(Harrison and Rutström, 2008), but were found to be a good reflection of real-life choices and 

have yielded valid and similar demand curves (Miller et al., 2011). 

There are hundreds of studies on WTP and WTC for organic produce and other health 

(Rödiger and Hamm, 2015) and environmental (Laroche, Bergeron, and Barbaro-Forleo, 2001) 

added values, but very few on aquaponic produce. Miličić et al. (2017) published the first 

quantitative analysis of consumers’ WTP for aquaponics. They found that most respondents 

would pay up to 40% more for aquaponic produce. As data for that survey were gathered using 

a network of aquaponic researchers and entrepreneurs (Milliken, 2017), it does not represent 

the general population, but does provide a good starting point for more specific studies of target 

populations in local and regional markets. Short et al. (2018) used an experimental approach 

and showed that consumers in the United States would not pay more for aquaponic lettuce. This 

study did not supply any information about benefits of aquaponics to participants, so it was 

effectively assessing consumer knowledge of aquaponics rather than WTP for its benefits. 

Consumer willingness to pay a premium for the ‘green,’ ‘environmentally-friendly’ 

aspects of aquaponics is a recurrent topic in many studies. In Scandinavia, for example, the 

premium for such ‘green’ goods can be as high as 13-18% more (Bjørner, Hansen, and Russell, 

2004).  



Studies carried out in the 1990’s described the typical population willing to pay a premium 

for green products as young, female, educated, and wealthy (Laroche et al., 2001; Straughan 

and Roberts, 1999). More recent research exploring consumer attitudes has found that consumer 

behaviour is a better way to classify consumers of green products than demographics (Chekima, 

Syed Khalid Wafa, Igau, Chekima, & Sondoh, 2016; Paul, Modi, & Patel, 2016; Rana & Paul, 

2017). Despite the strong connection between environmental attitudes and WTP a premium for 

environmentally friendly food, the connection is not linear, as shown in a survey in Mexico by 

Husted et al. (2014). This is important since a small shift in attitude may be enough to generate 

a niche market, as suggested by Biswas and Mousumi (2016), who reported conceptual and 

contextual factors determining WTP for green products in India. Both can be enhanced by 

targeted education regarding the concepts of sustainable consumption. 

 Organic certification has been found to increase WTP and is predicted to boost returns 

on investment in aquaponics by about 5% (Tokunaga et al., 2015). In the European Union 

countries aquaponic produce cannot be marketed as “organic”, because it was grown without 

soil and at high fish stocking densities (Junge et al., 2017), but can be regarded as 

“chemical/spray free”. It is noteworthy that chemical-free food is attractive as such to many 

consumers and stakeholders (Blidariu and Grozea, 2011; Husted et al., 2014; Seo, Someya, and 

Dowaki, 2019).  

There is limited information regarding the perceived taste of aquaponic produce. Aquaponic 

lettuce was found less appealing than soil-grown lettuce by most participants of a small sample 

experiment in Zurich (Graber and Junge, 2009), but reported to be preferred in Alberta 

(Savidov, 2003) and by chefs in Australia and Israel (Chef M. Andrew, Australia, personal 

communication November 2015; Chef T. Alleli, Israel, personal communication, October 

2018).  

1.4 Commercial aquaponics in Australia and Israel as case studies  

In contrast to the progress made in commercial aquaponics in the USA and Canada, and 

growing interest in Europe, two countries that are unexpectedly behind are Australia and Israel. 

“Garden scale” or backyard aquaponics have been popular in Australia since the 1990’s, with 

many growers involved in internet communities (Herbert and Herbert, 2008; Malcolm, 2005). 

Commercial scale aquaponics has been attempted in Australia as well (Gooley and Gavine, 

2003), and pioneering research has been carried out, notably the work of Lennard (Lennard and 

Leonard, 2004, 2006; Nichols and Lennard, 2010). Israel has a strong agri-tech industry and 



has contributed scientific and technological developments supporting modern aquaponics 

(Somerville et al., 2014; Kolkovski et al., 2003; Neori, 2007; Yogev et al. 2017). In both 

countries, there are only a handful of operating commercial-scale aquaponic systems with little 

public support and without a professional framework to promote this industry. This is somewhat 

surprising, considering there is high awareness and WTP for both health and environmental 

benefits in Israel (Becker, Tavor, Friedler, & Bar, 2015) and Australia (Vince and Haward, 

2017; Zander and Garnett, 2011). These facts seemingly make both these countries potentially 

suitable markets for aquaponic produce. However, to assess the willingness of consumers to 

pay a premium for aquaponic produce, direct observations are needed.  

In this study we tested the underlying assumption that informed consumers will choose 

aquaponic produce and pay a premium for it based on its added value. We present results of 

consumer surveys in Australia and Israel as case studies for consumer WTC and the way it is 

affected by price and other factors. Beyond observations on the average consumer, we use the 

survey data to identify different segments within each potential market, differing in their WTC 

and factors effecting it.  

 

2. Methods 

2.1 Survey design and data collection 

Potential consumer populations in Australia and Israel were surveyed from June to 

October 2017. A different data collection scheme was designed for each country to ensure that 

the sample was representative of the general population. In Israel, respondents were approached 

face to face in public places and asked to complete a questionnaire. This process was continued 

until the intended number of respondents was reached (n=200). In Australia, an online survey 

was distributed by a panel data service (Dynata, Sydney) to a representative sample of the 

population. After removing invalid respondents (such as those under 18, or unaware of 

household shopping habits) from our initial data-set, and “speeders” (participants submitting 

the online survey within less than 1/3 of the average completion time), following Greszki et al. 

(2014), we were left with the sample for Australia as n=321 and n=200 for Israel. Results of 

demographic variables were contrasted to means of the general population, to further ensure 

representativeness.  

The survey consisted of an introduction describing aquaponics and its benefits to the 

environment and product qualities. Following this were questions divided into three sections: 



(1) The first section of questions was designed to establish respondent’s WTC. 

Willingness to consume is a form of Stated Preference that is less sensitive to the endogeneity 

problem than direct assessment of WTP (Martínez-Espiñeira & Lyssenko, 2011). Each 

respondent used a four-point Likert scale to assess the expected quantity to be consumed by 

their household of different products at different prices. Two food products were chosen, lettuce 

and fish that are commonly grown in aquaponic systems (Love et al., 2015; Villarroel et al., 

2016). The most common fish species reared in aquaponic systems is tilapia. However, they are 

considered an invasive species in Australia and are thus not generally reared there. We therefore 

substituted trout for tilapia in the Australian questionnaire. The Likert scale for quantities used 

number of heads (0, 1, 2, ≥3) for lettuce and grams (0, 250, 500, ≥1000) for the fish. For each 

product, five scenarios were presented following Martínez-Espiñeira et al. (2015). The first 

question referred to conventionally grown (non-aquaponic) products at standard market price, 

and respondents were asked to select the amount they consumed weekly. This question provided 

a Revealed Preference benchmark for current consumption. The four following questions asked 

what quantity would be consumed of the same product produced in an aquaponic system, at a 

similar price and for three levels of premiums. These responses were used as Stated Preferences 

for a hypothetical product as aquaponic produce is not currently available to most consumers.      

Further adjustments were required to adopt the survey for use in Israel and Australia. A 

Hebrew translation was used in Israel, and the prices given in questions on consumption were 

adjusted to reflect realistic consumption decisions in each country. In Australia, lettuce is 

normally sold at ~2.5 Australian Dollars (AUD)/head, and thus prices for aquaponic lettuce 

were set at 5, 4, 3.5 and 2.5 AUD. Prices for aquaponic trout were set at 35, 30, 25 and 20 AUD, 

being based on the price of whole trout commonly sold in Australia for ~20 AUD / kg.  In Israel, 

lettuce is generally sold at ~3 Israeli Shekels (ILS)/head, and prices for aquaponic lettuce were 

set at 9, 7, 5, 4 and 3 ILS. Whole tilapia sells for 24 ILS/kg, and thus prices for aquaponic tilapia 

were set at 48, 40, 32 and 24 ILS/kg. 

(2) Section two consisted of questions dealing with consumer motivations other than 

cost. Respondents indicated how much different motivations affect their decisions on food 

purchase on a scale from 1 (= no affect) to 5 (= highly affected). When selecting the motivations, 

care was taken to avoid parameter endogeneity by phrasing the questions in a general manner: 

“To what extent does awareness to health and nutrition considerations influence your choice 

of food purchase?” and did not refer to aquaponic produce specifically. Motivations referred to 

were: 1) health, 2) environment, 3) freshness, and 4) food taste.  



(3) The third part consisted of socio-demographic questions to support the 

characterisation of potential consumers, referring to household size and income, and to 

respondents’ age, gender and level of education. The question defining income levels differed 

between Israel and Australia for the listing of options below and above average household 

income. In Australia, net annual income was used as follows (AUD): 1 = less than $49,000, 2 

= $49,000 to $99,000, 3 = $100,000 to $149,000, 4 = $150,000 to $199,000, 5 = $200,000 or 

more. In Israel the question referred to monthly income and the scale used was (ILS): 1 = less 

than 8,000 ILS, 2 = 8000-12,999 ILS, 3 = 13,000-17,999 ILS, 4 = 18,000-22,999 ILS, 5 = 

23,000 ILS or more. Means of demographic variables were compared to national means, 

obtained from reports by the national bureau of statistics in each country (ABS, 2016; CBS, 

2019), and adapted to the same scales used in the current survey. To supplement socio-

demographic parameters, respondents were asked to indicate the extent of organic food 

consumption in their household, on a scale of 1 to 5 (0-5, 6-25, 26-50, 51-75, 76-100%). 

Respondents were also asked if they were members of an environmental organisation, and if 

they had heard of aquaponics prior to this study. Since each respondent referred to four or five 

different price scenarios, the number of observations for each product (N) was between 760-

1096 (see Table 2).  

2.2 Data analysis  

Willingness to consume aquaponic produce at different price levels was used as the stated 

preference of consumers willing to consume aquaponic produce for their benefits (Mesías Díaz 

et al., 2012; Becker et al., 2015). In the regression analysis we used the quantity stated to be 

consumed at a given price (Q), as the dependent variable and the price, and demographic and 

motivational statements were used as explanatory variables (𝛼𝑖 see list of variables in Table 1). 

Since not all households consume fish or lettuce of any sort, a common response to WTC 

questions is zero unrelated to their acceptance of aquaponics. For this reason, we used tobit 

regression (Tobin, 1958), following Becker et al. (2015) and Schlup (2018). Tobit is a censored 

regression model on quantity consumed (Q* = 𝛼𝑖ᵶ𝑖  + ei) that accounts for the effects of the 

independent variables (ᵶ𝑖) only if the quantity is greater than zero (Q* > 0). By using the 

specified parameters above, we developed the following model: 

Q =  [∑ 𝛼𝑖ᵶ𝑖 ] + ei  =  α0 + α1HEALTH + α2ENVIRONMENT + α3TASTE + α5GENDER + 

α2AGE + α6INCOME + α7EDUCATION + α8HOUSHOLD + α9ORGANIC + 

α10ENVORGANIZATION + α11 FARMILIARAQUAPONICS +  α12PRICE + ei   



Tobit results were later used to plot a revenue curve for both products in Australia and Israel. 

All econometric analyses were performed using the Stata program, version 14.0 (Statacorp, 

USA). To establish a revenue function (TR, total revenue), we multiplied the price premium (p) 

by the associated quantity consumed (Q) after substituting the mean value of all explanatory 

variables (ᵶi) and multiplying them by their coefficients (αi). This is given by:  

TR = pQ = p [∑ 𝛼𝑖ᵶ𝑖 ] 

When presenting the price, we used the rate of premium as the percentage above the price 

of the conventional product to enable comparison among the different products. 

The same survey data were used for cluster analysis to study the segmentation of potential 

consumers following Qannari et al. (2001) and Villarroel et al. (2016). These different methods 

of analyses complement one another and present a global coherence (Cariou and Qannari, 

2018). We used factorial analysis to identify the main components and reduce the number of 

variables (see dos Santos, 2018; Field, 2013; Jaeger et al., 2017; Saba et al., 2018). Validation 

of factorial analysis was confirmed using the Kaiser–Meyer–Olkim measure of sampling 

adequacy and Bartlett’s test of sphericity (Gorton, Douarin, Davidova, & Latruffe, 2008).  

To identify segments within potential consumers we formed homogeneous groups (clusters) 

using K-means clustering (Gil, Gracia, and Sanchez, 2000; Verain, Sijtsema, and Antonides, 

2016) and cluster analysis (dos Santos, 2016; dos Santos, 2018). These were used since among 

the multivariate methods, cluster analysis and K-mean cluster analysis are most adequate for 

homogeneous groups with high internal consistency and for large external differences among 

groups (dos Santos, 2018; Gorton et al., 2008). These methods have been used extensively to 

study consumer attitudes (Cliceri et al., 2018; dos Santos, 2016; dos Santos, 2018; Miličić et 

al., 2017).  

Multivariate techniques (cluster and factorial) were performed separately for the Israeli and 

Australian samples. The software used for all multivariate analyses was SPSS version 23 (SPSS 

Inc., USA).  

 

3. Results 

3.1 Descriptive statistics   

The socio-economic characteristics and attitudinal statements about aquaponics for 

respondents in Australia and Israel are presented in Table 1. Slightly more than half of the 



respondents were female in both countries, and the age of the sample population was younger 

then the corresponding average age of the population over 18 in both Australia (sample: 45.03, 

national mean: 47.18) and Israel (sample: 38.67.03, national mean: 45.68). The average annual 

income of respondents was slightly lower than the national mean household annual income in 

both Australia (sample: 2.23, national mean: 3.00) and Israel (sample: 2.19, national mean: 

3.00), while education levels were higher in the sample in both Australia (sample: 3.51, national 

mean: 2.86) and Israel (sample: 3.44, national mean: 2.88). Household size in our sample is 

similar to national means in both Australia (sample: 2.78, national mean: 2.60) and Israel 

(sample: 3.62, national mean 3.72). 

In Australia, 5% of the respondents claimed to belong to environmental organisations, 

while in Israel this value was just 3% of the sample. Organic products are consumed by about 

8% and 23% of the population in Israel and Australia, respectively, and whereas 56% of the 

Australians asked were familiar with aquaponics before this survey, only 17% of the Israelis 

had heard of aquaponics. 

 

Table 1. Descriptive characteristics of survey participants in Australia and Israel  

Variable Definition Australia Israel 

Gender  m - Male or f - Female   44%(m) 56%(f)  42%(m) 58%(f) 

Aquaponics Previously familiar with aquaponics  56%  17% 

  Mean SD  Mean SD 

Age  Years 45.03 15.70  38.67 11.48 

Household 

size 
Number of people in participant’s household  2.78 1.38  3.62 1.39 

Education Scale of 1 (=high school) to 4 (MSc/PhD) 3.51 1.14  3.44 0.94 

Income  Scale of 1 to 5 (country-dependent) 2.23 1.15  2.19 0.82 

Environmental 

Organisation  
Members in an environmental organisation (%) 5.00 2.10  3.00 1.60 

Organic  Consumption of organic products (%)  22.00 11.00  8.00 9.80 

       

Health 
Influence of health considerations on food 

purchase from 1 (=no affect) to 5 (=high affect) 
4.01 0.93  3.56 1.10 

Environment 

Influence of environmental considerations on 

food purchase from 1 (=no affect) to 5 (=high 

affect) 

3.35 1.03  3.09 1.14 

Freshness 
Influence of product freshness on food purchase 

from 1 (=no affect) to 5 (=high affect) 
3.69 1.07  3.81 1.13 

Taste 
Influence of product taste on food purchase from 

1 (=no affect) to 5 (=high affect) 
4.31 0.85  4.25 0.95 

 

3.2 Willingness to consume aquaponic produce  



The proportion of respondents that would increase consumption was greater for fish 

(Australia: 19.63%; Israel: 30%) than for lettuce (Australia: 17.13%; Israel: 24%), and greater 

in Israel than in Australia.  Most of the survey respondents in both countries said they would 

not increase their consumption of lettuce or fish if aquaponic produce were available even at a 

similar price as a non-aquaponic product. A small number of respondents (3-4.5%) in both 

countries said they would reduce their consumption of aquaponic products if these were sold at 

the same price as non-aquaponic products.  

The regression results on the amount of produce respondents said they would purchase 

vs other variables (Table 2) show that, as expected, consumption was negatively correlated with 

product prices for lettuce and fish in both Israel and Australia.  

In Australia, other factors found to significantly (P<0.05) affect amounts of aquaponic 

fish that would be consumed were organic food consumption, membership in environmental 

organisations, importance of taste, income and household size; these all had a positive 

correlation with the amount that would be consumed. Similarly, although with some points of 

difference, lettuce consumption was positively correlated with organic food consumption, 

previous knowledge of aquaponics, importance of environmental motivations, and age and 

household size. Product prices were important factors negatively correlated with the amounts 

of both fish and lettuce that would be consumed.    

In Israel, the amount of aquaponic fish and lettuce that would be consumed was 

positively correlated with organic consumption, age and household size, and environmental 

motivations. The amount of lettuce that would be consumed was affected by the same variables, 

except that it was correlated also with education and with the importance of taste rather than 

environmental factors.  

  



    

Table 2. Tobit regression of variables affecting quantity of aquaponic produce that would be consumed at different 

prices in Australia and Israel.  

 Australia  Israel 

Variable 
Fish Lettuce  Fish Lettuce 

Coefficient SE Coefficient SE  Coefficient SE Coefficient SE 

1. Health -0.017 0.083 0.114** 0.045  0.044 0.065 0.011 0.036 

2. Environment 0.123* 0.075 0.215*** 0.041  0.187*** 0.063 0.186 0.035 

3. Freshness 0.066 0.063 -0.032 0.034  0.099* 0.056 0.013 0.032 

4. Taste 0.28*** 0.083 0.010 0.043  -0.071 0.067 0.085** 0.037 

5. Gender -0.118 0.126 0.001 0.070  -0.208* 0.123 0.036 0.069 

6. Age -0.022 0.046 0.110*** 0.032  0.280*** 0.073 0.071** 0.040 

7. Income 0.214*** 0.058 0.069 0.019  -0.001 0.035 -0.032 0.020 

8. Education -0.009 0.057 0.017 0.031  0.003 0.071 0.071** 0.040 

9.Household size 0.160*** 0.049 0.111*** 0.027  0.196*** 0.046 0.171*** 0.015 

10. Organic 

consumers 
0.363*** 0.060 0.150*** 0.033 

 
0.174*** 0.066 0.142*** 0.037 

11.Environmental 

organisations 
0.681** 0.318 0.052 0.163 

 
-0.492 0.418 -0.045 0.229 

12.Familiarity 

with aquaponics 
-0.130 0.129 0.15** 0.071 

 
0.141 0.168 0.097 0.094 

13. Price -0.10*** 0.011 -0.501*** 0.035  -0.058*** 0.006 -0.20*** 0.260 

Constant -2.61*** 0.517 0.101 0.273  0.357 0.471 0.356 0.260 

 

N=1092 

LR χ 2 =183.22 

P> χ 2 = 0.00 

LL = -1135.416 

Pseudo R2=0.075 

N=1096 

LR χ2 =293.04 

P> χ2= 0.00 

LL = -1234.287 

Pseudo R2=0.106 

N=780 

LR χ2 =154.06 

P> χ2 = 0.00 

LL = -1206.744 

Pseudo R2=0.06 

N=974 

LR χ2 =294.33 

P> χ2 = 0.00 

LL = -1255.273 

Pseudo R2=0.11 

Variables 1-4 are the different motivations for buying food expressed by survey respondents, variables 5-9 are 

socio-demographic parameters and variables 10-12 represent additional personal information about the 

respondents. Each respondent estimated their consumption at several price levels, referred to here as variable 13. 

SE=standard error. Significance codes (P values) are < 0.01 *** ; < 0.05 ** ; and < 0.1 * 

 

3.3 Establishing revenue curves from consumption at different premiums 

Applying the revenue function on the different products in each country revealed that 

price affects revenue differently. In Israel, high premiums (~70% for fish and ~100% for lettuce 

on top of conventional product prices), would provide maximal revenue. In Australia on the 

other hand, maximising revenue would require lower premiums (~8% over conventional 

product price for fish and ~9.5% for lettuce). These results address revenue and do not reflect 

on profit as they ignore production costs that increase per unit. However, beyond the peak 

revenue it is not efficient, because revenue falls and production cost increases.  



  

 

 

Fig 1. The effect of premium size (compared to conventional product price) of aquaponic fish and lettuce, on the 

predicted revenue based on the statements of the survey respondents in Australia (AU) and Israel (IL). Note that 

revenue does not account for change in net profit due to the increase in marginal production cost.  

 

3.4 Identifying population segments by their consumption potential using multivariate 

techniques 

K-means analysis results were confirmed using cluster analysis and results obtained 

were similar; we present here only the K-means clusters. The number of clusters was defined 

by average linkage (within group), minimising distances within clusters.  

Most of the variables used contributed significantly to the segmentation of the 

Australian and Israeli potential consumers (P<0.1), as did the results of the correlation matrix 

values. The data matrix was found to be highly correlated (Kaiser–Meyer–Olkim = 0.66, 

Bartlett’s sphericity <1%), indicating that the set of variables is appropriate for factorial analysis 

(Gorton et al., 2008). Variables that were highly correlated were eliminated from the cluster 

analysis: Variable 12, ”familiarity with aquaponics” was highly correlated with Variable 11 

“membership in an environmental organisation”. This variable was eliminated, since 

“familiarity with aquaponics” is seen by the authors as highly relevant for clustering consumers 

of aquaponic produce. The quantities consumed of a given aquaponic product at different prices 



were highly correlated, so two variables were used for each product – a low premium and a 

high premium (Variables 14-15, 17-18, 20-21, 23-24). All clusters were defined, as shown in 

Table 3, by statements about consumption motivations (Variables 1-4), by socio-demographic 

conditions (variables 5-9), additional personal information (Variables 10-12) and WTC 

aquaponic produce (Variables 13--24). 

 

 

Table 3. Clusters of Australian and Israeli populations (I- IV), based on the factorial and cluster analysis, with 

the mean parameter values for each cluster. Variables 5, 11 and 12 are given as %, and variables 1-4, 6-10 are 

ordinal scales on a range given in brackets (n-n). Prices (P) are in local currencies.  

Variable  Clusters in Australia  Clusters in Israel 

Mean I II III IV Mean I II III IV 

Size of cluster (%)  31.6 26.1 23.5 18.8  23.6 30.8 36.4 9.2 

1. Health (1-5) 4.01 4.20 3.75 4.33 4.06 3.56 4.50 2.20 2.10 3.60 

2. Environment (1-5) 3.35 3.33 3.37 2.95 3.36 3.09 4.30 2.10 3.30 1.80 

3. Freshness (1-5) 3.69 3.75 3.35 3.67 3.66 3.81 4.10 3.50 2.50 4.45 

4. Taste (1-5) 4.31 4.35 4.20 4.00 4.40 4.25 4.20 4.40 4.30 4.60 

5. Gender (% of females) 0.56 0.75 0.45 0.83 0.49 0.58 0.58 0.45 0.62 0.65 

6. Age (1-4) 3.12 3.43 2.61 3.34 3.11 2.83 1.85 2.82 3.80 3.70 

7. Income (1-4) 2.23 2.19 3.64 2.11 3.74 2.19 2.90 3.70 2.50 3.10 

8. Education (1-4) 3.51 2.11 3.60 3.30 3.70 3.44 3.50 2.44 1.90 2.50 

9. Household size (1-4) 2.78 2.70 2.92 2.70 3.06 3.62 2.10 3.60 2.50 2.20 

10. Organic consumers (0-4) 1.14 1.10 1.20 0.83 1.60 0.44 1.70 0.00 0.00 0.00 

11. Environmental organizations (%) 0.05     0.03 0.11 0.01 0.02 0.00 

12. Familiarity with aquaponics (%) 0.56 0.00 0.40 0.00 0.70 0.17 0.45 0.05 0.13 0.09 

13. Non-aquaponic lettuce at P=2.5  1.05 0.99 1.17 1.05 1.21      

14. Aquaponic lettuce consumed at P=4 0.66 0.30 0.95 0.35 0.94      

15. Aquaponic lettuce consumed at P=5 0.46 0.01 0.83 0.02 0.79      

16. Non-aquaponic trout at P=20 1.06 0.88 1.50 0.75 1.17      

17. Aquaponic trout consumed at P=25 0.87 0.84 1.30 0.58 1.07      

18. Aquaponic trout consumed at P=30 0.61 0.28 1.05 0.31 0.77      

19. Non-aquaponic lettuce at P=3      1.66 2.37 0.78 1.37 1.10 

20. Aquaponic lettuce consumed at P=7      0.92 2.10 0.65 0.66 0.55 

21. Aquaponic lettuce consumed at P=9      0.80 1.87 0.32 0.68 0.34 

22. Non-aquaponic tilapia at P=24      1.89 3.10 0.87 0.93 1.78 

23. Aquaponic tilapia consumed at P=32      1.39 2.00 1.10 1.20 1.30 

24. Aquaponic tilapia consumed at P=48      1.16 1.87 1.03 0.98 0.78 

 

  



3.4.1 Australia 

The results support dividing the population into four clusters (Table 4). The 2nd and 4th 

clusters (II, IV) represent a large minority of the population that are willing to consume 

aquaponic produce at a premium. They differ by one cluster that we named “Discerning-

interested”, which included 26.1% of the sample and consisted of highly educated, young high-

income families willing to pay a high premium for both fish and lettuce grown in aquaponics, 

mostly because of the health benefits. Another cluster, the ‘green consumers’ represented 

18.8% of the sample. Members of this group were typically young, with small or no families 

that would be willing to pay a moderate premium for either aquaponic fish or lettuce. These 

two clusters define the natural market for aquaponics in Australia.  

The 1st and 3rd clusters (I, III) represent most of the population (55.1%) that indicated 

unwillingness to pay any premium for aquaponics, or preferred the products grown 

conventionally. These clusters represent segments of the Australian population that are not 

potential consumers of aquaponic products and included mostly people who do not consume 

organic food and had not heard of aquaponics before. One of these clusters, the ‘discerning 

uninterested’, making up 31.6% of the sample, were older, mostly male, had smaller 

households, lower income and education, and mainly considered freshness and taste when 

shopping for food. The last cluster, ‘indifferent-uninterested’, making up 23.5% of the sample, 

included younger consumers with lower income and education, that did not attach special 

importance to any of the considerations presented in our survey except for product prices. The 

four clusters in the Australian sample are illustrated in Figure 2A. 

  



Table 4. Clusters of potential consumers in the Australian sample based on cluster analysis of the survey sample 

(Table 3). Cluster names were chosen to represent their characteristics and willingness to consume aquaponics 

produce. This Table describes only those characteristics that contribute to the clustering; the variables that are near 

the population mean values are not mentioned in cluster description.   

Cluster # and 

name 

Cluster 

size  

Cluster socio-economic and motivational 

characteristics  

Willingness to consume 

aquaponic produce 

I - Discerning-

uninterested 

31.6% Older, with a female majority and smaller 

households. 

Do not consume organic foods. 

Lower income and education. 

Consider freshness and taste when buying 

food. 

 

Not willing to consume 

aquaponic lettuce or fish.  

 

II - Discerning-

interested 

 

26.1% Higher income and education with bigger 

households. 

Consider health and taste when buying food. 

Willing to consume 

aquaponic lettuce and fish for 

a large premium. 

III -Indifferent- 

uninterested  

23.5% Younger and with a female majority. 

Do not consume organic foods. 

Lower income and education. 

Consider price when buying food, and not 

taste and freshness, nor health or the 

environment when buying food. 

 

Not willing to consume 

aquaponic lettuce or fish at a 

premium.  

 

IV - Green 

consumers 

18.8% Younger. Consume organic foods.  

Smaller households. Consider health and the 

environment when buying food. 

Willing to consume 

aquaponic lettuce and fish at 

a moderate premium. 

 

3.4.1 Israel 

The cluster analysis of the Israeli sample supports dividing the population into four 

clusters (Table 5). All variables used in the four-segment clusters contributed significantly to 

the segmentation of the Israeli sample (P<0.1), except membership in a green organisation 

(P=0.56).  

The 1st cluster (I) named “green consumers” represents a minority (23.6%) of the 

population that would consume aquaponics for a premium. They were typically young and 

consumed organic food regularly and consider health over price when purchasing food. Many 

of them had previous awareness of aquaponics and indicated that they would pay a high 

premium for lettuce for its environmental and health benefits. Fish would be consumed by this 

cluster but only for a small average premium, probably reflecting the fact that many of its 

members are vegetarian/vegan and do not consume fish at all.  

The 3 other clusters represent a clear majority of the population sample (76.5%) that are 

currently not willing to consume aquaponic produce at a premium. When separating these 

clusters by their motivations and socio-demographics, they differ in their potential to consume 

aquaponics at lower premiums. The first cluster, ‘indifferent’ consumers, comprising 36.4% of 



the sample, were older consumers that had not heard of aquaponics prior to the survey, did not 

consider highly any of the surveyed factors when purchasing food, but some were still willing 

to consume aquaponic produce. The second (smaller) cluster of 9.2%, termed ‘discerning 

interested’ consumers, received this category for being very mindful about product price, taste, 

health, freshness, and the environment when buying food. They were typically older with higher 

income and education and did not consume organic food regularly. Being motivated by 

considerations that are among the added values of aquaponics, this cluster can become more 

inclined to consume aquaponic produce by stronger marketing and consumer education. The 

‘uninterested’ cluster of 30.8% represented small families with low income and education that 

are primarily concerned with product price and are not a potential target group for aquaponic 

produce sold at a premium. The four clusters in the Israeli sample are illustrated in Figure 2B. 

Table 5. Clusters of potential consumers in the Israeli sample based on cluster analysis of the survey sample (Table 

3). Cluster names were chosen to represent their characteristics and willingness to consume aquaponic produce. 

This Table describes only those characteristics that contribute to the clustering; the variables that are near the 

population mean values are not mentioned in cluster description. 

 

Cluster Cluster 

size  

Socio-economics and cultural 

characteristics  

Willingness to consume 

aquaponic produce 

I - “green 

consumers” 

23.6% Younger. 

Some are members of ‘green 

organisations’. Consider health and 

environment when purchasing food. 

Many had heard of aquaponics before.  

 

Willing to consume aquaponic 

lettuce for a high premium but 

most will not consume aquaponic 

fish at a premium. 

II - 

“uninterested” 

30.8% Lower income and education. Smaller 

households. 

Do not consume organic food and are 

not familiar with aquaponics. 

Price is their major consideration when 

buying food. 

 

Most are not willing to consume 

aquaponic fish or lettuce at a 

premium. 

III - 

“indifferent” 

36.4% Older with larger households. 

Do not consume organic food and are 

not familiar with aquaponics. 

Do not consider price and taste nor 

health or the environment when buying 

food. 

 

Most are not willing to consume 

aquaponic fish or lettuce at a 

premium. 

IV - Discerning 

interested 

9.2% Older with higher income and 

education. 

Do not consume organic food and are 

not familiar with aquaponics. 

Consider price, taste, health, freshness, 

and the environment when buying food. 

Most are not willing to consume 

aquaponic fish or lettuce at a 

premium. 



 

Fig. 2. Segmentation of populations into clusters in Australia (A) and Israel (B) following their 

motivations for food consumption, socio-demographic parameters, and willingness to consume 

aquaponic produce. Segmentation is illustrated here by plotting two of the clustering parameters: 

‘income level’ and ‘willingness to consume aquaponic fish at a premium’ (note - scales are relative and 

do not reflect actual values). Circle sizes represent cluster sizes (indicated beside cluster name next to 

each circle).  

 

4. Discussion and Conclusions 

4.1 Factors affecting willingness to consume aquaponic produce 

A considerable proportion of the population, 17-30% in both Australia and Israel, would 

prefer to buy aquaponic products, thereby acknowledging their added value. The majority of 

the respondents, however, were not convinced of consuming aquaponic over conventional 

produce even after learning of their added values. A small number of the surveyed respondents 

(3-4.5%) were biased against aquaponic produce, similar to the findings of a survey done in 

Europe (Miličić et al., 2017). The proportion of respondents willing to consume aquaponic 

produce represents the basis for the market. This finding is further emphasised by the cluster 

results, highlighting the characteristics of those segments of the population willing to consume 

aquaponic produce. 

Product price was negatively correlated with WTC aquaponic produce for both 

countries and both products. The extent of organic consumption and household size was 

positively correlated with WTC across the board. As a generalisation, this would define the 

classic aquaponics consumers as being “families with organic diets”. The rest of the variables 

predicting WTC were different in each country and for each product. Household income, a 

common factor affecting organic food consumption (Rödiger and Hamm, 2015), was positively 

correlated only with WTC fish in Australia, suggesting higher income is not a major factor 

affecting most aquaponic consumption. Both personal (health, taste) and environmental 

 



motivations affect the consumption decision process of aquaponics in both countries, but no 

single motivation stands out as a key factor. 

As illustrated in Figure 1, aquaponic revenues are expected to be higher in Israel than 

in Australia, and higher for lettuce than for fish. The higher the premium, the fewer people will 

consume it, but in the Israeli market, price elasticity is lower, so demand is less sensitive to the 

price increase. In Australia, producers might achieve higher revenues with a smaller premium 

as price elasticity is high and WTC is more sensitive to price increase. It should be noted that 

these results do not necessarily correspond to profitability, since production costs are not 

considered here. Since the marginal cost of greater amounts is lower, selling large quantities 

for less might be a more beneficial strategy in Israel as well.  

4.2 Who are the potential consumers of aquaponics? 

 As expected, populations in Australia and Israel cluster differently, since the connection 

between variables is strongly culture-dependent. By referring only to consumption at different 

revenues (Figure 1), it would seem that the Israeli market has greater potential for an aquaponics 

industry than the Australian market, since it could be sold at higher premiums to the average 

consumer. Nevertheless, once clusters were used to focus on smaller segments of the 

population, a more complex story is revealed, namely, that a larger proportion of the population 

in Australia (44.9%, clusters II, IV) would be willing to pay premiums for aquaponic produce, 

than in Israel (23.5%, cluster I). On the other hand, the population segments unwilling to 

consume aquaponics produce in Australia (clusters I, III) would be harder to persuade to 

become occasional consumers, as opposed to the unwilling segments of the Israeli population 

(clusters II,III, IV), who might be a large source of occasional consumption at low premiums.  

4.3 Conclusions  

The potential for aquaponics to become a large-scale sustainable food production 

industry is held back by both technical limitations and economic-administrative challenges. 

This study has addressed consumer acceptance of aquaponic produce. The assumption that 

aquaponic products can be sold at a premium to the general population was explored by 

surveying populations of two potential markets - Australia and Israel. It appears that even after 

consumers are provided information on aquaponics and its benefits, only a minority would 

consume its produce. Asking for a premium would further reduce consumption but with 

different flexibility for each product and each market. Consumer clustering revealed more 

specific characteristics of potential consumers in each country.  



The ability to use surveys to study consumer acceptance of a new product is limited, 

since the consumers are making statements on consumption of a theoretical product rather than 

real-life decisions. This approach does, however, enhance our understanding of the basic trends 

and structure of potential consumer markets. It should be noted that limiting our discussion to 

consumer behaviour ignores the crucial role of other sustainable production stakeholders 

including producers, governments, and educational institutions (Xu et al., 2018). These 

stakeholders can all affect consumption directly and indirectly by reducing production costs in 

different ways, and positively influencing consumption by promoting environmental 

awareness. 

Besides novel insights on the acceptance level and potential consumption of aquaponics 

in Israel and Australia, some general suggestions are proposed regarding the aquaponic industry 

worldwide: (1) If production prices of aquaponic produce are higher than existing alternatives, 

potential consumers can support a small niche market, and with a small premium. (2) Fish and 

leafy greens should be considered as separate products for distinctive consumer groups, 

requiring different marketing strategies. (3) As different markets and products elicit different 

consumer behaviours, it would seem prudent to conduct specific studies before entering 

industrial production, as their outcomes could have a major effect on business strategy. (4) 

Aquaponic produce has personal value (taste, health) as well as public value (e.g., 

environmental benefits). When only a few consumers are willing to pay for a societal benefit, 

market failure will occur, requiring public intervention. Stimulating willingness to consume 

such products would reduce the extent of the market failure, and in turn, the necessity for public 

intervention. Interventions such as subsidies for aquaponic produce, labelling of products 

signifying a public benefit, and public education are crucial for increasing the uptake of 

sustainable environmental options for food security. Future research will evaluate the public 

benefits of aquaponics by including these benefits in cost-benefit analyses of commercial-scale 

systems. 

 

Acknowledgments 

Consumer surveys were conducted with the help of Silya Shabso, and Shiran Nizri, 

students at Tel-Hai Academic College, and with the kind assistance of Meg Rudman, Olivia 

Bettane, Eden Ouliel and Yaron Fisher from Perth, Western Australia. 

 

Disclosure statement 



No potential conflict of interest was reported by the authors. 

 

Funding 

This work was supported by an Australian Government Research Training Program 

Scholarship, and an advanced studies scholarship from the University of Haifa. Additional 

assistance with survey expenses was given by the Curtin University PhD research allowance 

and the Tel-Hai Academic College.   

 

References 

ABS, Australian Bureau of Statistics (2016). 4235.0 - Qualifications and Work, Australia, 

2015. Retrieved 27.11.2018 from: https://www.abs.gov.au/ 

Bailey, D. S., Rakocy, J. E., Cole, W. M., Shultz, K. A. (1997). Economic analysis of a 

commercial-scale aquaponic system for the production of tilapia and lettuce. In Tilapia 

Aquaculture: Proceedings of the Fourth International Symposium on Tilapia in 

Aquaculture, Orlando, Florida, 603–612. 

Becker, N., Tavor, T., Friedler, L., & Bar, P. (2015). Two stages decision process toward 

organic food: the case of organic tomatoes in Israel. Agroecology and Sustainable Food 

Systems, 39(3), 342–361. 

Biswas, A., & Mousumi, R. (2016). A study of consumers’ willingness to pay for green 

products. Journal of Advanced Management Science, 4(3), 211–215. 

Bjørner, T. B., Hansen, L. G., & Russell, C. S. (2004). Environmental labeling and 

consumers’ choice - An empirical analysis of the effect of the Nordic Swan. Journal of 

Environmental Economics and Management, 47(3), 411–434. 

Blidariu, F., & Grozea, A. (2011). Increasing the economical efficiency and sustainability of 

indoor fish farming by means of aquaponics. Animal Science and Biotechnologies, 44(2), 

1–8. 

Bosma, R. H., Lacambra, L., Landstra, Y., Perini, C., Poulie, J., Schwaner, M. J., & Yin, Y. 

(2017). The financial feasibility of producing fish and vegetables through aquaponics. 

Aquacultural Engineering, 78:146-154.  

Breidert, C., Hahsler, M., & Reutterer, T. (2006). A review of methods for measuring 

Willingness-to-Pay. Innovative Marketing, 2(4), 8–32. 



Greszeki, R., Meyer, M., & Schoen, H. (2014) The impact of speeding on data quality in 

nonprobability and freshly recruited probability-based online panels, in:  Callegaro, M., 

Baker, R. P., Bethlehem, J., Göritz, A. S., Krosnick, J. A., & Lavrakas, P. J.(Eds.). 

Online Panel Research: A Data Quality Perspective. John Wiley & Sons, Hoboken, pp. 

238-257. 

Cariou, V., & Qannari, E. M. (2018). Statistical treatment of free sorting data by means of 

correspondence and cluster analyses. Food Quality and Preference, 68, 1–11. 

CBS, Israeli central Bureau of Statistics (2018). Population aged 15 and over and labour 

force, by years of schooling, age, sex and religion 2017. Retrieved 27.11.2018 from: 

https://old.cbs.gov.il/ 

Chekima, B., Syed Khalid Wafa, S. A. W., Igau, O. A., Chekima, S., & Sondoh, S. L. (2016). 

Examining green consumerism motivational drivers: does premium price and 

demographics matter to green purchasing? Journal of Cleaner Production, 112, 3436–

3450.  

Cliceri, D., Spinelli, S., Dinnella, C., Prescott, J., & Monteleone, E. (2018). The influence of 

psychological traits, beliefs and taste responsiveness on implicit attitudes toward plant-

and animal-based dishes among vegetarians, flexitarians and omnivores. Food Quality 

and Preference, 68, 276–291. 

dos Santos, M. J. P. L. (2016). Smart cities and urban areas—Aquaponics as innovative urban 

agriculture. Urban Forestry and Urban Greening, 20, 402–406. 

dos Santos, M. J. P. L. (2018). Nowcasting and forecasting aquaponics by Google Trends in 

European countries. Technological Forecasting and Social Change, 134, 178–185. 

Engle, C. R. (2015). Economics of Aquaponics. Southern Regional Aquaculture Center. 

Publication Number 5006, Arkansas, USA. Retrieved from: https://srac-

aquaponics.tamu.edu/serveFactSheet/8 

FAO. 2019. Report of the FAO Technical Workshop on Advancing Aquaponics through 

Strengthened Value Chains. Christ Church, Barbados. FAO Fisheries and Aquaculture 

Report. No. 1256. Bridgetown, Licence: CC BY-NC-SA 3.0 IGO. 

Field, A. (2013). Discovering statistics using IBM SPSS statistics (4th ed.), Sage, London. 

  

https://srac-aquaponics.tamu.edu/serveFactSheet/8
https://srac-aquaponics.tamu.edu/serveFactSheet/8


Forchino, A. A., Lourguioui, H., Brigolin, D., & Pastres, R. (2017). Aquaponics and 

sustainability: The comparison of two different aquaponic techniques using the Life 

Cycle Assessment (LCA). Aquacultural Engineering, 77, 80–88. 

Gil, J. M., Gracia, A., & Sanchez, M. (2000). Market segmentation and willingness to pay for 

organic products in Spain. International Food and Agribusiness Management Review, 

3(C), 207–226. 

Goda, A. M. A. S., Essa, M. A., Hassaan, M. S., & Sharawy, Z. (2015). Bio economic 

features for aquaponic systems in Egypt. Turkish Journal of Fisheries and Aquatic 

Sciences, 15(2), 525–532. 

Goddek, S., Delaide, B., Jijakli, H., & Thorarinsdottir, R. (2015). Challenges of sustainable 

and commercial aquaponics. Sustainability, 7, 4199–4224. 

Goodman, E. R. (2011). Aquaponics: community and economic development. Massachusetts 

Institute of Technology (Doctoral Dissertation). Retrieved from: 

https://dspace.mit.edu/handle/1721.1/67227 

Gooley, G. J., & Gavine, F. M. (2003). Integrated Agri-Aquaculture Systems: a Resource 

Handbook for Australian Industry Development. Rural Industries Research and 

Development Corporation, Kingston, A.C.T. 

Gorton, M., Douarin, E., Davidova, S., & Latruffe, L. (2008). Attitudes to agricultural policy 

and farming futures in the context of the 2003 CAP reform: A comparison of farmers in 

selected established and new Member States. Journal of Rural Studies, 24(3), 322–336. 

Graber, A., & Junge, R. (2009). Aquaponic Systems: Nutrient recycling from fish wastewater 

by vegetable production. Desalination, 246(1–3), 147–156. 

Greenfeld, A., Becker, N., Mcilwain, J., Fotedar, R., & Bornman, J. F. (2018). Economically 

viable aquaponics? Identifying the gap between potential and current uncertainties. 

Reviews in Aquaculture, 1(15).  

Harrison, G. W., & Rutström, E. E. (2008). Experimental evidence on the existence of 

hypothetical bias in value elicitation methods. In V. L. S. Charles R. Plott (Ed.), 

Handbook of Experimental Economics Results (Vol. 1, pp. 752–767). Elsevier. 

Herbert, S., & Herbert, M. (2008). Aquaponics in Australia: The Integration of Aquaculture 

and Hydroponics. Aquaponics Pty Limited, Mudgee, N.S.W. 



Hindelang, M., Gheewala, S. H., Mungkung, R., & Bonnet, S. (2014). Environmental 

sustainability assessment of a media based aquaponics system in Thailand. Journal of 

Sustainable Energy & Environment, 5, 109–116. 

Husted, B. W., Russo, M. V., Meza, C. E. B., & Tilleman, S. G. (2014). An exploratory study 

of environmental attitudes and the willingness to pay for environmental certification in 

Mexico. Journal of Business Research, 67(5), 891–899. 

Jaeger, S. R., Cardello, A. V, Jin, D., Hunter, D. C., Roigard, C. M., & Hedderley, D. I. 

(2017). Product uniqueness: Further exploration and application of a consumer-based 

methodology. Food Quality and Preference, 60, 59–71. 

Janssen, M., & Hamm, U. (2012). Product labelling in the market for organic food: Consumer 

preferences and willingness-to-pay for different organic certification logos. Food Quality 

and Preference, 25(1), 9–22. 

Joly, A., Junge, R., & Bardocz, T. (2015). Aquaponics business in Europe: some legal 

obstacles and solutions. Ecocycles, 1(2), 3–5.  

Junge, R., Konig, B., Villarroel, M., Komives, T., Jijakli, M. H. (2017). Strategic points in 

aquaponics. Water, 9(3), 1–9. 

Kolkovski, S., Hulata, G., Simon, Y., Segev, R., & Koren, A. (2003). Integration of agri-

aquaculture systems–The Israeli experience. In F. M. Gooley, G. J. and Gavine (Ed.), 

Integrated Agri-Aquaculture Systems (pp. 14–24). Rural Industries Research and 

Development Corporation. 

König, B., Janker, J., Reinhardt, T., Villarroel, M., & Junge, R. (2018). Analysis of 

aquaponics as an emerging technological innovation system. Journal of Cleaner 

Production, 180, 232–243.  

Laidlaw, J., & Magee, L. (2014). Towards urban food sovereignty: the trials and tribulations 

of community-based aquaponics enterprises in Milwaukee and Melbourne. Local 

Environment, 21(5), 573–590. 

Laroche, M., Bergeron, J., & Barbaro-Forleo, G. (2001). Targeting consumers who are willing 

to pay more for environmentally friendly products. Journal of Consumer Marketing, 

18(6), 503–520. 

  



Lennard, W. A., & Leonard, B. V. (2004). A comparison of reciprocating flow versus 

constant flow in an integrated, gravel bed, aquaponic test system. Aquaculture 

International, 12(6), 539–553. 

Lennard, W. A., & Leonard, B. V. (2006). A comparison of three different hydroponic sub-

systems (gravel bed, floating and nutrient film technique) in an Aquaponic test system. 

Aquaculture International, 14(6), 539–550. 

Love, D. C., Fry, J. P., Li, X., Hill, E. S., Genello, L., Semmens, K., & Thompson, R. E. 

(2015). Commercial aquaponics production and profitability: Findings from an 

international survey. Aquaculture, 435, 67–74.  

Love, D. C., Uhl, M. S., & Genello, L. (2015). Energy and water use of a small-scale raft 

aquaponics system in Baltimore, Maryland, United States. Aquacultural Engineering, 68, 

19–27. 

Malcolm, J. (2005). Backyard Aquaponics. http://www.backyardaquaponics.com/about-us/ 

(accessed 28 January 2018) 

Martínez-Espiñeira, R., & Lyssenko, N. (2011). Correcting for the endogeneity of pro-

environment behavioral choices in contingent valuation. Ecological Economics, 70(8), 

1435–1439.  

Martínez-Espiñeira, R., Chopin, T., Robinson, S., Noce, A., Knowler, D., & Yip, W. (2015). 

Estimating the biomitigation benefits of Integrated Multi-Trophic Aquaculture: A 

contingent behavior analysis. Aquaculture, 437, 182-194. 

McMurtry, M. R., Sanders, D. C., Cure, J. D., Hodson, R. G., Haning, B. C., & St Amand, E. 

C. (1997). Efficiency of water use of an integrated fish/vegetable co‐culture system. 

Journal of the World Aquaculture Society, 28(4), 420–428. 

Mesías Díaz, F. J., Martínez-Carrasco, P. F., Miguel, M. P. J., & Gaspar, G. (2012). 

Consumer knowledge, consumption, and willingness to pay for organic tomatoes. British 

Food Journal, 114(3), 318–334. 

Miličić, V., Thorarinsdottir, R., Santos, M., & Hančič, M. (2017). Commercial aquaponics 

approaching the European Market: To consumers’ perceptions of aquaponics products in 

Europe. Water, 9(2), 80. 

  

http://www.backyardaquaponics.com/about-us/


Miller, K. M., Hofstetter, R., Krohmer, H., & Zhang, Z. J. (2011). How should consumers’ 

willingness to pay be measured? An empirical comparison of state-of-the-art approaches, 

48(1), 172–184. 

Milliken, S. (2017). EU Aquaponics Hub. (accessed October 1, 2017, from 

https://euaquaponicshub.com/association-commercial-aquaponics-companies-acac/) 

Neori, A. (2007). Essential role of seaweed cultivation in integrated multi-trophic aquaculture 

farms for global expansion of mariculture: an analysis. In Nineteenth International 

Seaweed Symposium (pp. 117-120). Springer, Dordrecht. 

Nichols, M. A., & Savidov, N. A. (2011). Aquaponics: protein and vegetables for developing 

countries. In International Symposium on Sustainable Vegetable Production in Southeast 

Asia 958, 189–193. 

Nichols, M., & Lennard, W. (2010). Aquaponics in New Zealand. Practical Hydroponics & 

Greenhouses, (115), 47–51. 

Paul, J., Modi, A., & Patel, J. (2016). Predicting green product consumption using theory of 

planned behavior and reasoned action. Journal of Retailing and Consumer Services, 29, 

123–134.  

Qannari, E. M., Courcoux, P., & Vigneau, E. (2001). Common components and specific 

weights analysis performed on preference data. Food Quality and Preference, 12(5–7), 

365–368.  

Rakocy, J. E. (2012). Aquaponics: Integrating fish and plant culture. In Aquaculture 

production systems (Ed. J.H. Tidwell) 344–386. Hoboken: John Wiley & Sons.  

Rakocy, J. E., Bailey, D. S., Shultz, K. A., & Cole, W. M. (1997). Evaluation of a 

commercial-scale aquaponic unit for the production of tilapia and lettuce. In 4th 

International Symposium on Tilapia in Aquaculture, 1, 357-372 

Rakocy, J.E., Shultz, R.C., Bailey, D.S., & Thoman, E.S. (2003). Aquaponic production of 

tilapia and basil: comparing a batch and staggered cropping system. In South Pacific 

Soilless Culture Conference-SPSCC 648, 63-69.  

Rana, J., & Paul, J. (2017). Consumer behavior and purchase intention for organic food: A 

review and research agenda. Journal of Retailing and Consumer Services, 38, 157–165.  

  



Rödiger, M., & Hamm, U. (2015). How are organic food prices affecting consumer 

behaviour? A review. Food Quality and Preference, 43(Supplement C), 10–20. 

Saba, A., Sinesio, F., Moneta, E., Dinnella, C., Laureati, M., Torri, L.,Peparaio, M., Civitelli, 

E.S., Endrizzi, I., Gasperi, F. & Bendini, A. (2018). Measuring consumers attitudes 

towards health and taste and their association with food-related life-styles and 

preferences. Food Quality and Preference, 73, 25–37. 

Savidov, N. (2004). Evaluation and Development of Aquaponics Production and Product 

Market Capabilities in Alberta. Ids Initiatives Fund. Brooks, Alberta. 

Schlup, Y., & Brunner, T. (2018). Prospects for insects as food in Switzerland : A tobit 

regression. Food Quality and Preference, (64), 37–46.  

Short, G., Yue, C., Abbey, M., Anderson, N., Phelps, N., Venturelli, P., & Vickers, Z. (2018). 

Consumer preferences for aquaponic produce: Implications from an experimental 

auction. Agribusiness, , 34(4), 742-755.  

Short, G., Yue, C., Anderson, N., Russell, C., & Phelps, N. (2017). Consumer perceptions of 

aquaponic systems. HortTechnology, 27(3), 358–366. 

Somerville, C., Cohen, M., Pantanella, E., Stankus, A. and Lovatelli, A., 2014. Small-scale 

aquaponic food production: integrated fish and plant farming. FAO Fisheries and 

Aquaculture Technical Paper, 589. 

Specht, K., Weith, T., Swoboda, K., & Siebert, R. (2016). Socially acceptable urban 

agriculture businesses. Agronomy for Sustainable Development, 36(1), 1–14.  

Tamin, M., Harun, A., Estim, A., Saufie, S., & Obong, S. (2015). Consumer acceptance 

towards aquaponic products. Journal of Business and Management, 17(8), 49-64.  

Tobin, J. (1958). Estimation of relationships for limited dependent variables. Econometrica: 

Journal of the Econometric Society, 24–36. 

Tokunaga, K., Tamaru, C., Ako, H., & Leung, P. (2015). Economics of small-scale 

commercial aquaponics in Hawai’i. Journal of the World Aquaculture Society, 46(1), 

20–32. 

Tyson, R. V., Treadwell, D. D., Simonne, E. H., Treadwell, D. D., & Simonne, E. H. (2011). 

Opportunities and challenges to sustainability in aquaponic systems. HortTechnology, 

21(1), 6–13. 



Vanhonacker, F., Van Loo, E. J., Gellynck, X., & Verbeke, W. (2013). Flemish consumer 

attitudes towards more sustainable food choices. Appetite, 62, 7–16. 

Verain, M. C. D., Sijtsema, S. J., & Antonides, G. (2016). Consumer segmentation based on 

food-category attribute importance: The relation with healthiness and sustainability 

perceptions. Food Quality and Preference, 48, 99–106. 

Vermeulen, T., & Kamstra, A. (2013). The need for systems design for robust aquaponic 

systems in the urban environment. Acta Horticulturae, 1004, 71–78.  

Villarroel, M., Junge, R., Komives, T., König, B., Plaza, I., Bittsánszky, A., & Joly, A. 

(2016). Survey of aquaponics in Europe. Water, 8(10), 468. 

Yogev, U., Sowers, K. R., Mozes, N., & Gross, A. (2017). Nitrogen and carbon balance in a 

novel near-zero water exchange saline recirculating aquaculture system. Aquaculture, 

467, 118–126.  

Zander, K. K., & Garnett, S. T. (2011). The economic value of environmental services on 

indigenous-held lands in Australia. PLoS ONE, 6(8), e23154.   

Zugravu, A., Rahoveanu, M., Adrian, T. R., Khalel, M. S., & Ibrahim, M. A. R. (2016). The 

perception of aquaponics products in Romania. In Proceedings of the International 

Conference “Risk in Contemporary Economy”, 525-530. 

 

  

 


