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1 INTRODUCTION  

 

Aquaponics is an integrated and intensive fish-crop farming system under constant recirculation 

of water through interconnected devices. It is considered a promising technology, which is highly 

productive under correct set up and proper management (Lal 2013; Orsini et al., 2013). First, fish 

feed is eaten by fish and converted into ammonia. Second, bacteria (Nitrosoma) convert ammonia 

(NH4
+ + 1.5O => 2H+ + NO2

- + H2O) into nitrite and consequently bactria (Nitrobacter) oxidize 

nitrite (NO2 + 0.5 O2 => NO3
-) into nitrate (Tyson et al., 2011). Finally, water delivers nutrients 

to promote plant growth.  

This results in an eco-friendly method where water and nutrients are efficiently used and 

maintained within the system (Liang & Chien, 2013). As a recirculation system, one 

disadvantage of aquaponics is the dependence on fossil or alternative energy to maintain constant 

provision of nutrients and oxygen to the crops, fish and bacteria to achieve an optimal 

performance of the whole system (Timmons and Ebeling, 2002). An advantage of aquaponics is 

the water saving capacity by permanent recirculation and treatment (Losordo et al., 1992; Pillay 

2004; Rakocy et al.,. 2006). Addition of water is only necessary to cover water losses due to 

evapotranspiration, evaporation, spillage and leakage. This assumes, the system is well stablished 

with a proper management and no other problems, such as diseases or accumulation of uneaten 

feed.   

In areas where water is scarce with an imminent demand for food by an increasing population or 

food insecurity, this system can serve as an opportunity to produce food with high water use 

efficiency (Essa et al., 2008). Another advantage of aquaponics is the low soil requirement, 

which in fact increases the capacity of the system to produce both products (fish and crop) in a 

small area and against low investment (Ako and Baker, 2009). Nevertheless, in reality 

aquaponics are a susceptible and complex system that require understanding of the drivers 

(knowledge), daily monitoring (labour) and an alert attitude of the operator. In order to sustain a 

“sustainable food production system”, the positive results of this intensive fish-crop farming 

system must outweigh the efforts for the owner.  

Nowadays, the farming method is adopted by several parties such as research centers, non-

governmental organizations, and private entrepreneurs, and at different scales from small to 

extensive, in diverse regions such as urban, peri-urban and rural areas (Drivers et al., 2006). 
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Nevertheless, the adoption and implementation of aquaponics must take into account the desired 

goal (leisure or business) and available resources (fish, feed, water, energy and system materials). 

The increasing value of aquaponics as a unique and innovative technology capable to reduce food 

insecurity is gaining relevance nowadays all over the world (Love, et. al 2014). Moreover so, 

since 2006 the USDA start collecting data on the aquaponics production as part of the census of 

Aquaculture (USDA, 2006) proving the capability of aquaponics to supply food, support 

economic growth and business opportunities. Therefore, innovative food productions systems 

such as aquaponics to provide food security, would be relevant to fulfill food demand of a raising 

global population, which is expected to reach 9.6 billion around 2050 (UN, 2013). According to 

the project document that was used to get funding from NWO-WOTRO under the  “Food & 

Business global challenges programme 2014”  aquaponics systems can; 1) save resources and 

optimize resource use efficiency and productivity 2) provide food and nutrition security 

(consumption) to households, as well as their surrounding population. In addition, aquaponics 

systems can support economic empowerment through commercialization of fish and crop 

produced.   

The future of conventional farming with its increasing dependence on external inputs, is facing 

several challenges such as energy and oil costs, health constraints,  reduction of arable land, lack 

of infrastructure to supply freshwater, soil erosion and nutrient depletion as some of the most 

relevant ones (Alexandratos et al., 2012; Bindraban et al., 2012).  Therefore, in the future, 

conventional systems will definitely face undesirable situations in the economic, social and 

environmental domains.  

This alerts research centers, with an necessity to fill the gap around the capability of innovative 

food production systems to reduce real and serious issues regarding food availability and food 

quality. These centers will be testing and collecting data from current projects established around 

the world. It is imperative to create a database, which can be used as reference to identify, 

quantify and assess resource availability, resource use efficiency, building capacity, 

socioeconomic analysis, and adoption by society in different cultures. This information can be 

used as starting point for forward establishment of aquaponics in other countries around the 

world.   
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The objective of this study is to describe and analyze the operating conditions, resource (water, 

energy, nutrients, labour and money) use, use efficiency and productivity, during four weeks in 

four small-scale aquaponics systems in Shewa Robit, Ethiopia.  

 

This research is part of monitoring, building local capacity and identifying challenges in the 

implementation of the project “Aquaponics business model”.  

The research can provide new information, referring to the profitability and ecological value of 

aquaponics in general.  Promotion of affordable aquaponics systems as well as training to 

households, would facilitate the adoption of this alternative food production systems. Adoption 

would also be promoted by proving the capability of aquaponics to achieve considerable yield of 

crops and fish to households in peri-urban areas, with dry climate conditions, lack of proper 

infrastructure for water and energy supply, and with limited economic resources. Finally, another 

factor to be considered and promoted is the empowerment of the households under the 

aquaponics business model, which in the short term can increase their economic income and 

therefore improve their quality of life.   
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2 BACKGROUND INFORMATION  

 

“Aquaponics Ethiopia” is an inclusive business model for sustainable implementation of small-

scale aquaponics systems improving food and nutrition security of rural and peri-urban 

households in Ethiopia.  

The composition of the consortium is Coordinator Maja Slingerlands from Wageningen 

University (WU), Netherlands and co-applicants: Abebe Getahum from Addis Ababa University 

(AAU), Ethiopia; Toorman Rutger from TGS business development, Netherlands and Kibru 

Tadesse from Great Commission Ministry Ethiopia (GCME) from Ethiopia. Therefore, during 27 

months all partners involved will divide responsibilities. Thus, the technical expertise relay in 

AAU and TGS, the knowledge of and interaction with farm household by GCME, the expertise 

on business model by WU and TGS. The possibilities of demonstration centers run by AAU and 

GCME will be matched with the possibilities of local markets players input provisioning, credit 

facilities and marketing identified during the project duration and supported by the results of the 

research conducted during the project duration. Finally, WU and AAU will design the research, 

supervise students and research assistants and write scientific articles.   

Starting a business model to address food security as “Aquaponics Ethiopia” will demand 

external partners to purchase all components. Thereafter, during the implementation of the 

systems all households will be linked with reliable suppliers for vegetables seeds, fingerlings and 

fish feed to create independency of the project executers. Moreover, socioeconomic studies will 

assist to linking farmers to markets, avoiding intermediaries and create interest in products with 

added value from aquaponics.  

In agreement with all beneficiaries, a contract was signed between both parts (beneficiaries and 

project group) in the project. The contract contains three important rounds during the business 

model implementation and acquisition of the aquaponic system. In the first round, project 

“Aquaponics Ethiopia” pays fish feed, fingerlings and seeds, which is needed to set up and run 

the system and achieve optimal performance. In the second round, the project only pays fish feed 

and fingerlings. In the third round, beneficiaries are expected to continue independently and pay 

everything by themselves. Additionally, when the project finishes in September 2017 the 

beneficiary has three option:  
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a. The beneficiary can start a lease contract with the provider.  

b. The beneficiary can start a payment scheme to become owner of the system. The total 

value that has to be repaid is $ 1500. 

c. The beneficiary can give the system back to the provider who sells or leases the system 

to another person.     

Different locations were selected in Ethiopia with different target groups for the establishment of 

aquaponics systems, for example: Metehare focusses on unemployed population, Hawassa 

focusses on poor families and Shewa Robit on female “entrepreneurs”. This research will focus 

on Shewa Robit where eight systems were build and the target beneficiaries are female. 

2.1 CULTURAL CONTEXT 

 

Shewa Robit is located at northeast of Addis Ababa, in the Amhara Region at 1,280 meters above 

sea level (Fig. 1). The town has a longitude and latitude of 10°06′N39°59′E and 10.1°N39.983°E, 

respectively. In 2013, it reached a total population of 42,208 distributed over 10,048 households, 

with the average family size of 4.2 (Abate, 2013). Religion is an important value and the 

population is divided in Orthodox, Protestant and Muslim. The divers religions also affect the 

pattern of food consumption, because several months a year “fasting” is present in the population, 

reducing the consumption of meat but increasing the consumption of fresh products (vegetables 

and fruits). This can be an opportunity to introduce an alternative food type such as fish which 

can be consumed by the population throughout the year without being affected by the religions 

requirements. Shewa Robit is 225 Km from the capital Addis Ababa. This distance is affecting 

the development of the town and population concerning the basic requirements such as food, 

health, education, employment and living. Therefore, locally supported initiatives such as 

aquaponics under a business model profile, will enhance the supply of healthy products. It also 

promotes the empowerment of households which is necessary to create self-employment and 

therefore economic income to improve education and living of present and future generations. 
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Figure 1: Shewa Robit location (google.nl) 

2.2 HOUSEHOLDS SELECTION 

 

The term business entrepreneurs (Kiyosaki & Sharon, 2000) refers to attitude, aptitude and 

resource as main requirements to develop a business and achieve promising results. As this 

project was created on a business model principle, several procedures were conducted, in order to 

select households which include the three main requirements and more important an ambition to 

improve their quality of life.  

The first step was to select, interview, and train households (Fig. 2 and 3). After an open 

procedure to make an  inventory of those households willing to participate, sixteen households 

were selected based on the characteristics age, gender, marital status, studies achieved, main 

activities, total family members, work hours, expenses, income, and investment capital. They 

received training on aquaponics principles (components, strengths and weakness), agronomic 

practices (nutrient and water management, pH, sowing and transplant) and business opportunities 

(marketing) which led to narrowing down the number of potential beneficiaries. Finally, eight 

households were supplied with one aquaponic system each. All systems were built in the 

households backyard, allowing free monitoring and management support by researchers and 

students involved in the program (MSc and PhD).  
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Figure 2 and 3: Households visit and training.  

Characteristics of selected households 

 

Data presented in table 1 was collected from a previous survey in the area at the beginning of the 

project. As is visible, the households selected were female between 33-40 years with none, basic 

and advanced education. Furthermore, the activities between households differ according to the 

family structure. In the cultural context of Ethiopia, women are considered only for house duties. 

Nevertheless, the mentality has evolved in the recent years. Women are looking for ways to 

continue their professional development and therefore aim at more work opportunities. As is 

mentioned before in the literature, aquaponics systems are knowledge intensive therefore, 

accurate and clear knowledge transfer to people with none or low education is a challenge. All 

households comprise four members or more. This can be seen as a positive component, because 

labor required by the system can be divided between family members and reduce the workload on 

the owner. The owner does not need to do everything herself but needs to keep an eye on the  

procedures applied to the system in order to maintain the variables (pH, EC, water, fish feed 

delivery and acid application) at proper levels and achieve correct functioning of the system.   

In the households, fasting is present between two and five months per year. During this period 

only non-animal products may be consumed. As a consequences vegetables and fruits 

consumption increase in this period, leading to an available market for fresh and healthy products 

as produced by the aquaponics system. Moreover, the unique animal product that is accepted to 

be consumed by the population during fasting is fish, which is one of the products from the 



12 
 

aquaponics, with an imminent demand due to the increasing population and nutritional 

requirements.   

According to the survey, all households have private water supply and electricity, two very 

important requirements to be selected for the project, due to the dependence of the system on 

both resources to achieve optimal functioning.  In the economic context, all households proved to 

earn a monthly income to cover food expenses. Nevertheless, the monthly income is not 

considered enough for other expenses to improve their life. Due to this last factor and others 

mentioned before, this project was developed for females, within the household area and 

including a business approach. Culture, gender and family context play a very important role in 

the population. Therefore, all projects developed must be adapted to the real context of the people 

within the country in order to optimize their capabilities, support their strength and reduce their 

weakness.  

For the monitoring of the performance of the aquaponics systems, four households were followed 

(see table 1). These households were selected because each of them planted only one type of 

crop. Two planted basil and two planted cabbage, which allowed for comparison between 

cabbage and basil and between the two replicates of each crops.   
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Table 1. Summary of qualitative and quantitative characteristics of the four household selected for the aquaponics project in Shewa 

Robit, Ethiopia.  

Beneficiary Years Marital 

status 

Religion Family 

members 

Education Main 

activity 

Fasting 

months per 

year 

Eat fish 

during fasting 

Aynalem Tekola 

 
42 Married Orthodox 9 Secondary Household 

duties 

5 No 

Belaynesh 
Gebremedihin 

33 Married Orthodox 4 Finished 

primary 

External job 5 Yes 

Mulu Emebet 

 

40 Married Orthodox 5 None Household 

duties 

2 Yes 

Lakech Shebe 

 
40 Married Orthodox 7 University 

(Marketing) 

Teacher 2 Yes 

Beneficiary Electricity 

source 

Expenses 

electricity 

per month 

Water 

source 

Total house hold 

income 

Expenses in 

food per 

week 

All expenses 

per week 

Life quality 

Aynalem Tekola 

 
Grid 115 Private tap 2600 500 600  

 

Enough for food and 

necessities but not much left for 

other expenses 

Belaynesh 
Gebremedihin 

 

Grid 150 Private tap NR 346 484 

Mulu Emebet 

 

Grid 80 Private tap 500 375 525 

Lakech Shebe 

 
Grid 150 Private tap 3500 500 1000 
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3 LITERATURE REVIEW 

 

3.1  BUSINESS MODELS FOR SUSTAINABILITY 

 

A business model defines and describes the value and purpose of the company, business 

organization and the value created, available resources and how is the value achieved by the 

company (Osterwalder and Pigneur, 2010). The essences of a business model is to identify 

customer demand. A business model defines how the business responds to and delivers value to 

the customer, obtaining a profit through the value chain.  

Nowadays, certain business activities are considered causes of several environmental and social 

problems and therefore, sources of sustainability concerns. Nevertheless, new niche markets and 

innovations are developed to avoid the negative effect of these activities. As an example, we can 

mention organic agricultural production. This agriculture was developed due to the awareness of 

society regarding practices and consequences of conventional agriculture on natural resources. 

Organic agriculture, as a new alternative way of agriculture, is offering benefits for the 

environment, society and customers concern (Jolink and Niesten, 2015).  In recent years, 

innovative sustainable entrepreneurs are supporting and shifting social behaviors in food 

consumption and market trends (Geels and Schot, 2007). In addition, such entrepreneurs 

contribute to sustainable development through creating new business models with social and 

environmental aims, including superior processes, products and services according with 

customers demand and preferences (Schaltegger and Wagner, 2011).  

 

Researchers and society are expanding the exploration and identification of new business models 

that can support economic growth by reducing negative external effects and creating positive 

effects for the society and environment (Boons et al., 2013; Kiron, 2013). Development and 

implementation of new sustainable business models are seen as necessary components for early 

adoption of technology and commercialization, looking to close the gap between researchers and 

commercial applications (Gill et al., 2007). The aim of a sciences based venture is to generate 

new ideas that start to generate competition, market expansion and industry transformation with a 

sustainable approach (Geroski and Pomroy, 1990).     
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3.2 FEMALE ENTREPRENEURSHIP IN SMALL ENTERPRISES.  

  

Micro, small and medium enterprises are recognized as the main source of innovation in 

developing economies. They are responsible for new job creation and contribute to innovation, 

productivity and economic growth (Breslin and Jones, 2012). Moreover, there is widely belief 

that there is a positive relation between entrepreneurship activities and economic growth (Acs 

and Audretsch, 1990).  

Families involved in business can be found all over the world. Family business is defined, as 

firms in which the business is controlled by the family members and can be transfer from one 

member to another member or to the next generations of the family (Harvey, 2004). Nevertheless, 

the role of females in business is substantially lower than the role of males (Langowitz and 

Minniti, 2007). In the recent century, female entrepreneurship has grown in sectors such as 

education and community services (Bosma and Harding, 2007). Therefore, government, sciences 

and private investors are working together and contributing to create new employments 

opportunities in developing countries with higher interest in females (Sarri and Trihopoulou, 

2005).  

Some studies identified reasons for the lack of female entrepreneurship. Lack of opportunities in 

the work environment as well as, lack in confidence and too many family responsibilities were 

identified as the most difficult barriers for growth in the number of women entrepreneurs 

(Schmidt and Parker, 2003). Therefore, accurate objectives and implementation of any business 

group, must take into account several characteristics (gender, ethnic, location, culture) to ensure 

the correct participation of the women. Finally, females play an important role in the family as 

well as in economics and culture.  Initiatives such as aquaponics production can provide business 

opportunities for females in households around the world, with the aim of enhancing food 

production and activities related with improvement of family life.  

3.3 WHAT IS AN AQUAPONICS SYTEM? 

 

Aquaponics are considered as a sustainable agriculture production system regarding the definition 

of Lehman et al., (1993), who defined sustainable agriculture “as a process that does not deplete 

any non-renewable resources that are essential to agriculture to sustain the agricultural 

practices”. Francis et al., (2003) add that sustainable food production systems can be achieved by 
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“designing systems that close nutrient cycles”, which is one of the fundamental principles of 

aquaponics.   

Aquaponics is a system in which aquaculture is combine with crop production as a treatment of 

wastewater before recirculation. The fish water is filtered through bacteria media and the 

nutrients are transformed and used by the crop after which the water can flow back to the fish. 

One aquaponic system is basically composed of plastic tanks for fish culture, sedimentation tank 

to collect the organic residues, grow bed for plants, bio filters containing bacteria, aerator to 

supply oxygen and water pump to maintain water recirculation. 

3.4 ECONOMICS OF AQUAPONICS  

 

Love et al., (2015) conducted during two years an aquaponics research to assess and analyze 

operation conditions, resource use (energy, water and fish feed) and outputs (crop and fish) and 

the efficiency of the system in a small-scale operation. The aquaponics system was composed of 

10.3m3 fish tank and 116m2 total area. His results show that production of 1 kg of crop consumed 

104 L of water, 0.5kg of fish feed and 56 kWh electricity ($6 energy cost). Production of 1kg of 

tilapia consumed 229 L of water, 1.3 kg of fish feed and 159 kWh of electricity ($12 in energy 

cost). The authors conclude that raising tilapia incurred a net loss whereas raising crops incurred 

a net gain in relation to market price and electricity costs.  

Another study was conducted by Rupansinghe and Kennedy (2010) using data from a case study 

which produced lettuce and barramundi (Lates calcarifer). The farm was designed and located in 

Australia. The system characteristics were a total surface area of 550m2 and 13,126m3 for the fish 

tank. A comparison was made between separated crop and fish production and producing both 

together. The results presented, show a clear advantage in the economic return of aquaponic 

system where both (fish and crop) are produced together. Baker (2010) set up a study to calculate 

the production price of lettuce and tilapia based on a hypothetical operation. His estimation of the 

breakeven of lettuce is $3.31/kg and of tilapia is $11.01/kg.  

Somerville (2014) from United Nations Food and Agriculture Organization (FAO) describes and 

explains a cost-benefit analysis for small-scale aquaponics. The volume of the fish tank was 1m3 

with 3m2 of growing media for the crops. Once the system is set up and achieved optimal 
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performance, $1.38 net profit was achieved from every $1 invested in the small-scale system to 

produce food. Therefore, according to operating cost and revenues per year, one small-scale 

aquaponics systems is able to obtain a profit of around $441 per year.  Nevertheless, literature on 

the economics of aquaponics is mainly based on experimental and hypothetical cases. In reality, 

such assumptions and projections are most of the time very optimistic. Therefore, it is important 

to rely on the household objectives with the system design and collect realistic data to refer to the 

economic feasibility of aquaponics at different scales with their associated investment capacity. 

3.5 COMPARING CONVENTIONAL AGRICULTURE WITH AQUAPONICS 

 

Several countries around the world nowadays are facing severe water scarcity by lack of proper 

infrastructure and climate change, with consequences of problems in the food supply to feed the 

population (World Water Assessment Programme, 2012). Estimations reveal that 85% of the 

surface and ground fresh water is used only for global agriculture production (Hoekstra and 

Chapagain, 2007). Nevertheless, in more adverse climates such as North Africa it is possible to 

reach the consumption of up to 90% of the available water (FAO, 2005).  

In the last century, global water exploitation has increased close to seven times more (Gleick, 

2000). Agriculture is considered the biggest consumer of fresh water in the world (Hoekstra and 

Chapagain, 2007).  Hoekstra (2003) introduced and defined the concept of ´water footprint´. This 

term analyzes the relation between human consumption and the global freshwater use, and is 

defined by the total volume of fresh water needed to produce a certain unit of product. During 

1996-2005 the water footprint related to crop production reached 7404 billion cubic meters per 

year. The main crops with large water footprints were maize (770 Gm3/yr), wheat (1087Gm3/yr) 

and rice (992 Gm3/yr) (Mekkonen and Hoekstra, 2010). These are staple food crops and are crops 

with the highest production areas. Moreover, due to the imminent growing population, together 

with diet change behavior, water exploitation is expected to continue and even increase in the 

forward years (Rosegrant and Rigler, 2000). According to Hoekstra and Chapagain (2007), the 

water footprint is classify in three groups (see table 2).  
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Table 2. Water footprint classification. 

WATER FOOTPRINT CLASSIFICATION 

Blue water footprint 

 

Volume of surface and groundwater 

consumed as result of any good produced. 

Green water footprint Volume of rainwater or rainfall consumed. 

Grey water footprint Volume of fresh water needed to assimilate 

pollutants and meet quality standards. 

 

According to FAO (2008) in conventional agriculture, the water footprint differs among crops 

and regions. Vegetables presented in table 3 show a lower water footprint than maize 

(2600m3/ton) soybean oil (4200m3/ton), orange (560m3/ton), apple (820m3/ton), and grapes 

(2400m3/ton). Crops with high yield and bigger harvested fraction have lower footprint, 

compared with crops with low yield or smaller harvested fraction.   

Comparing conventional food production systems with aquaponics, the latter shows several 

advantages over the former; such as the use of less than 10% per day of the total water needed to 

produce food, depending on climate conditions (Bernstein, 2011). Therefore, the eco-value of 

aquaponics in the reduction in consumption and depletion of fresh water is scientifically proven. 

Water is in fact one of the most needed resource to maintain human life and must be treated 

carefully and used efficiently in food production in all countries around the world, even more in 

those who suffer from water scarcity..  

Table 3. Global average water footprint of primary crops. (Mekonnen & Hoekstra 2011).   

      FAOSTAT                        Global crop average water footprint (m3 / ton) 

CROP Green Blue Grey Total 

Cabbages and 

other brassicas 

181 26 73 280 

Lettuce 133 28 77 237 

Chillies and 

peppers. 

240 42 97 379 

Spinach 118 14 160 292 

Tomatoes 108 63 43 214 
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Results (table 4) show that basil produced three times more in the aquaponics system than in the 

open field. Moreover, an annual projection for the whole system would generate 5,350 kg for 

batch and 5,008 kg for staggered production.  

Finally, to prove the feasibility and productivity of aquaponics an economic annual projection 

was performed. Thus, based on the price of fresh basil with stems ($22/kg) in the U.S. Virgin 

Islands in 2004, the money generated from staggered and batch production per year was 

estimated to be 67% and 69% higher respectively, compared with the income achieved in field 

production at equal production area. The author refer the differences between aquaponics and 

field yields as consequence of the slow grew of the seedlings after transplanting to the field and 

the highly alkaline soil, which affects nutrient availability and growth.   

Table 4. Comparison of basil yield and gross income with three production methods (Rakocy et 

al., 2004). 

Production 

Method 

Annual Yield 

(kg/m2/yr) 

Annual Yield 

(kg/214m2/yr) 

Mean 

Income 

(US$/m2/yr) 

Income 

(US$/214m2 /yr) 

Batch 25.0 5,350 550 117,700 

Staggered 23.4 5,008 515 110,210 

Field 7.8 1,669 172 36,808 

 

 

3.6 WATER QUALITY IN AQUAPONICS 

Oxygen  

 

Dissolved oxygen concentrations in aquaponics systems are expected to be maintained between 4 

mg l-1 and 8 mg l-1. Maintaining proper oxygen concentrations will promote the optimal 

performance of the components within the system and thereafter achieve fish and plant growth 

(Rakocy et al., 2006). Lower concentrations will cause stress to plants and fish and must be 

avoided.  

Strawberries 201 109 37 347 

Water melon 147 25 63 235 
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 Potential hydrogen (pH)  

 

Savidov (2005) refers to maintain a pH between 7.5 and 8.0 to promote nitrification efficiency 

and availability of nutrients as phosphorous, calcium and magnesium. Rakocy et al., (2006) state 

that such high pH values affect negatively the solubility of essential micronutrients such as iron, 

manganese, copper, zinc and boron. Moreover, a pH between 5.0 and 7.0 is acceptable for most 

of the crops. Fresh water fish achieved an optimal performance at pH between 6.8 and 7.5 

(Bernstein, 2011). In addition, optimal performance of the bio-filter is achieved at pH between  

7.0 and 9.0. Through several researches in the field of aquaponics, it is now known that the 

optimal pH needs to compromise the maximum tolerance range of the main components in the 

system. Therefore, the most suitable pH for the three biotic components (plant, fish and bacteria) 

in aquaponics is between 6.8 and 7.5 (Tyson et al., 2011). 

Furthermore, several factors may provide variation of the pH, such as source and composition of 

water (fresh or river), fish feed management, and growing media composition (volcanic, karstic, 

river). To maintain a proper pH range, supply of amendments may be required. Usually, a 

combination of hydrated lime, sodium bicarbonate and potassium hydroxide is applied to raise 

the pH and phosphoric acid is used to lower the pH (Ako and Baker, 2009).  

 Nitrate and ammonium 

  

Unique values for NO3 (Nitrate) and the nontoxic NH4
+ (Ammonium) are not precisely 

determined for effective aquaponics. Watson and Hill (2006) suggest that nitrate concentrations 

above 100mg/l result in algae bloom, which, over time, will decrease the oxygen and nutrients 

content of the water. Although, nitrate concentrations above 200mg/l must be avoid, because they 

negatively affect the transport of oxygen through the fish gills, causing mortality. Therefore, 

Doroudi et al., (2003) state that nitrate should remain lower than 50mg/l for aquaponics systems.  

3.7 ENERGY 

 

Aquaponics systems require fossil or alternative energy to power the pump and aerator, needed 

for the supply of nutrients and oxygen throughout the system. Dependence on and consumption 

of fossil energy may differ according to the main approach of the system (objective and scale), as 

well as the selected site of implementation (climate) and the management implemented. It is 
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important to reduce or avoid any fluctuations which can negatively affect fish, plant and bacteria 

(Zhu, 2012).   

As an example aquaponics systems built in temperate conditions require the use of heaters to 

avoid low temperatures of water, consequently increasing consumption of energy and production 

cost. Therefore, implementation of technology and setting up operating conditions of the system, 

must be adapted to the environmental context as well as human interest and capabilities. Finally, 

it is important to recommend  in the design and implementation of any system around the world, 

the use of species adapted to the climate conditions, which are in fact more resilient. The absolute 

energy use is one characteristic of the system but energy efficiency is also important. We already 

mentioned that production of 1 kg crop cost 56 kWh and 1 kg Tilapia cost 159 kWh (Love, 

2015). It is important to look into energy efficiency when comparing systems especially when 

energy costs are high. Systems that produce more per unit of energy are preferred. 

 

3.8 NUTRIENTS  

 

In aquaponics production, fish feed quality (composition) is crucial, because one must consider 

the nutrients required for fish and plants. For instance, effluent from fish tank is often abundant in 

nitrogen and phosphorous. Nevertheless, other vital nutrients for plants such as potassium and 

iron are usually inexistent or low (Rakocy et al., 2004, 2006). Therefore, alternative fish feed 

must be produced taking into account all essential and primary nutrient demands for plants, 

without negatively affecting or compromising the performance of any other component of the 

system (fish and bacteria). Alternatively, plants must receive these nutrients directly through 

additional inputs in the water of the grow beds.    

The ratio between fish feed (g/day) and the volume of crops growing in the system is determinant 

to deliver enough amounts of nutrients for plants and avoid toxicity for fish (Rakocy et al., 2006). 

Therefore, according to the plant type and development stage of fish and crop, as well as 

dimensions and main goal of the aquaponics system, total daily feed (g/day) must be established 

carefully. Rakocy et al., 2006, suggest a ratio of 60-100 grams of fish feed per day per m2 in 

nutrient film technique for leafy green vegetables.  
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4 PROBLEM STATEMENT  

 

The demand for animal protein will increase due to population growth and changes in diets 

especially in developing countries. Expansion of land for livestock production has been a prime 

force in deforestation all over the world. In addition, conventional animal protein production 

farms are considered high water consumers. To give an idea, 1 kg of beef meat requires between 

5,000 and 20,000l of water (IME, 2013). Semi-intensive and extensive conventional aquaculture 

systems require a range of 2500–375,000l of water to produce 1 kg of fish (Al-Hafedh et al., 

2003). Furthermore, the water from aquaculture systems needs cleaning before it can be released 

in the environment. Aquaponics can be a solution to each of these issues. First, it needs no 

agricultural land. Secondly,  aquaponics use less than the water required for conventional crop 

production (Berstein, 2011) and have thus a high degree of water use efficiency (Dalsgaard et al., 

2003). Thirdly, the crops in the aquaponics system clean the water coming out of the aquaculture 

part of the system, avoiding environmental pollution.   

Aquaponics, are mostly seen as a humanitarian or social movements to provide food security in 

developing countries. Nevertheless, under this “charity” approach aquaponics are not achieving 

promising results. Abandonment of the systems is one of the main consequences. The problem 

here is not the complex knowledge required to maintain the systems. Two major problems are 

training and convincing people about the capability and eco-value of this system to provide food 

security and improve their quality of life. Furthermore, aquaponics investments need to include 

building of supply chains, addressing input provision and marketing. 

Agricultural development is and will be the crucial component of any strategy to improve the 

levels of food security and decrease poverty. It is for that reason that sustainable agriculture and 

rural development are given priority in “The Strategic Framework for FAO: 2000-2015”. 

Moreover, it is important to support and develop business opportunities for women to generate 

money, because the management of their discretionary income has a greater impact in child 

nutrition and food security compared with men’s  (UNICEF, 2011, Smiths et al., 2003).  

It is therefore important to investigate the potential of aquaponics business models as a strategy 

to support food security by enhancing the empowerment of females in households in developing 

countries. Therefore, is imperative to describe, asses, analyze and prove the economic and 
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environmental benefits of aquaponics system by female smallholders in developing countries 

under specific business models. Finally, is necessary to promote environmental friendly practices 

under conscious resource use and resource use efficiency in food production, as a viable strategy 

to improve the quality of life of the current and future generations and also, reduce depletion of 

natural resources.  

5 AIM OF STUDY 
 

The aim of this study is to describe and analyze the operating conditions, resource (water, energy, 

nutrients, money) use, resource use efficiency and food production (crops and fish) during four 

weeks in four small-scale aquaponics system in Shewa Robit, Ethiopia. The study includes 

starting up the system, organizing resources (fingerlings and seedlings) and identification of 

challenges in the implementation of the project as “Aquaponics business model”. The aim was to 

compare resource use efficiency for cabbage and basil crops.  

6 RESEARCH QUESTIONS  

 

1. How much resources are consumed (water, energy, nutrients, labour, and costs) by the 

aquaponics system under correct setup, establishment and optimal performance? 

2. What is the output of crops and fish of the systems in terms of water, energy, nutrients 

and money? 

3. What is the resource use efficiency of the system for the different resources water, 

nutrients, energy, labour, money? 
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7 MATERIAL AND METHODS  

 

During 42 days, daily work was required to set up all the eight systems in proper conditions. 

Each system had two fish tanks and two grow beds.  As a first activity, hand labour was required 

for cleaning 16 fish tanks from previous accumulation of organic residues. As a second activity, 

labour was required for conditioning and balancing of 16 grow beds. As third activity, all 

leakages were fixed using silicon or when necessary by replacement of the whole part. 

Thereafter, a greenhouse type of structure was constructed utilizing wood providing the main 

support for the shade material in order to reduce the heat on crops and to avoid entrance of 

organic residues from surrounding areas. During the last week tanks were stocked with fish, 

crops were transplanted and fish feed was manufactured. Once, all systems were tested 

completely from leakage, water flow from fish tanks to grow beds as well as functioning of the 

syphon, water pump and aerator, the trial began.  

During 30 days, four aquaponics systems were monitored and managed using nondestructive and 

destructive methods, quantifying inputs (resource use) and outputs (fish and crop) after which 

resource use efficiencies were calculated. All four systems were monitored daily to maintain 

correct performance. In aquaponics systems resource use and use efficiency is controlled by 

assessment of several variables such as pH, temperature, electrical conductivity, dissolved 

oxygen, nitrite and nitrate. These variables must be monitored continuously and maintained over 

time to achieve optimum plant and fish growth.  

7.1 AQUAPONICS SYSTEM DESIGN  

 

All aquaponics systems were built with dimension of 7m length and 6m width (42m2). Each 

system is made up of: twelve pipes (6m each), with capacity to growth 60 plants per pipe with a 

total of 720 plants. Each system comprises of four plastic tanks for fish culture with a capacity to 

store 800 liters of water independently. Each system includes four bio-filters containing bacteria. 

Each bio-filter has a capacity to store 50 liters of water. Four sunk tanks are present to collect 

water and organic residue. Each sunk tank has the capacity to store 100 liters of water. One water 

pump is installed to maintain constant recirculation in a rate of 800 liters per hour, with an energy 

consumption of 75 watts per hour. Finally, one aerator is installed to provide oxygen with the 
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capacity to recirculate 900 liter per hour and an energy consumption of 18 watts per hour. The 

design of the system is presented in (Fig. 4 and 5).  

                    

Figure 4 and 5.  Aquaponics system design. 

7.2 MATERIAL 

 

In the field, simple materials were used to monitor the system (table 5). 

 

Table 5. Field material  

Quantity  Equipment  

1 Scale of 10 kilograms 

1 Ruler or measuring tape 

1 pH meter 

1 Waterproof thermometer 

1 Electrical conductivity meter  

ND Sulfuric acid (30% dilute) 

 

7.3 DAILY NONDESTRUCTIVE METHODS  

 

7.3.1 FISH FEED (g/day). 

 

The daily fish feed amount, was determined in relation to the kg of fresh weight of fish and 

square meters of crop per system. Therefore, according to the estimation 250gr are needed as 

initial amount and after 20 days 500g of fish feed are required to supply enough nutrients to 

achieve fish and crop growth. Every day at early morning the fish feed amount was divided over 

the four tanks of fish. Delivery of fish feed was using a feeding tray in order to facilitate the 
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removal of any uneaten fish feed. It is important to remark the need of removal of uneaten fish 

feed to avoid the accumulation of organic matter on the bottom of the fish tank which, in the 

short term will stimulate denitrification by anaerobic conditions as well as ammonia 

accumulation and finally may cause fish dead.   

7.3.2 TYPE AND TOTAL NUMBER OF CROPS  

 

Two plant types, Cabbage (Brassica oleracea var. capitate) and Basil (Ocimum basilicum) were 

used during the trial. Nevertheless, due to the challenges faced during the implementation of the 

systems, only two systems start producing cabbage and two systems producing basil. All four 

systems were adjusted with 720 plants in order to fill the system at maximum capacity. During 

the running of the production cycle the number of plants is checked daily and dead plants are 

removed and discounted from the total. Plants are also daily checked for pest and diseases as 

indicators for treatments. When huge numbers of plants would die because of pests or diseases 

the fish feed amount would need to be adjusted. 

7.3.4 TOTAL NUMBER OF FISH 

 

The number of fingerlings stock per tank and per system was quantified at the beginning of the 

trial. Thus, a mean of 69 fish/tank gives 278 fish per system.   

Daily the fish is monitored for pests and diseases.  

7.3.5 DAILY LABOUR  

 
Even small scale aquaponics systems, require frequent monitoring and labor, due to the 

complexity of their several components. In order to avoid any negative effect on the functioning 

and performance of the system inspection and maintenance are imperative during the day and 

every day of the week. It is needed to control variables such as diseases prevalence, water level, 

pH, electrical conductivity and oxygen to avoid negative consequences on fish or crop 

production. However, harvesting and packing are considered by Tokunaga et al., (2013) high 

labor and cost demanding, estimating 46% of the total operating cost and 40% total annual cost 

only for these two activities. In the present business model, family plays an important role and 

the majority of the activities regarding transplanting, monitoring, harvesting and packing will be 



27 
 

in charge of a family member. Thereby reducing cost in externalities and increasing the profit for 

the household, which is in fact the aim of the aquaponics business model.   

Labour is defined as time required checking all important components of the system and 

verifying their correct functioning. The components of the system that must be monitored 

everyday are aerator, water pump, water flow to pipes (12), water flow to fish tank (4), water 

flow to grow beds (4) and syphon (4). In addition, fish feed supply and removal of uneaten fish 

feed. In order to estimate the household time consumption in monitoring all components, a small 

experiment was conducted. Initially, the household was ask to verify each one of the components 

mentioned before of the aquaponic system by herself. During this practice time was recorded 

using a chronometer in order to estimate time and labour required by each household per system 

per day.  

7.3.6 WATER CONSUMPTION 

 

Water is considered one of the main drivers in the system, providing oxygen for fish and plant 

roots and the recirculation of macro and micronutrients that fertilize the crop. Therefore, sources 

of water loss such as evapotranspiration, evaporation, spillage and leakage are considered. Water 

discharge is a recurrent practice to prevent the denitrification process that takes place in 

anaerobic conditions where nitrogen and organic matter are present by accumulation of organic 

sediments, uneaten feed, sludge and feces. At the start of the trial, all systems were filled to the 

maximum capacity (3.8m3) and a line on the main sunk tank, which contains the water pump and 

aerator, was drawn. Every day the system was unplugged from the electricity and once, the water 

flow from fish tanks to grow beds and grow beds to sunk tanks was stopped, water was measured 

according to the drawn line. Thereafter, water was followed until reaching the drawn line in order 

to maintain the system permanently at optimal water capacity. All liters added to the sunk tank 

were recorded for the calculation of water consumption per week. 
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7.4 WEEKLY NONDESTRUCTIVE METHODS  

 

In order to maintain a homogenous sampling schedule during the four weeks every Saturday 

between 8:00am and 10:00am a measurement of pH, temperature and electrical conductivity was 

performed in all systems. One pH measurement was taken from each fish tank and the average 

was calculated per system.  

When pH was not within optimal threshold, acid was used to bring pH down. Acid application 

was done during daily visits at early morning to achieve optimal pH and therefore, optimize 

nutrient availability throughout the day.    

Using a waterproof thermometer one temperature (˚C) measurement was taken from each fish 

tank and the average was calculated per system. 

An electrical conductivity meter is commonly used in hydroponics, aquaculture and freshwater 

systems to monitor the amount of nutrients, salts and impurities in the water. One electrical 

conductivity measurement (µS) was taken from each fish tank and the average was calculated per 

system. Normally, the more mature the aquaponic system, the higher the electrical conductivity.   

7.5DESTRUCTIVE MEASURES. 

 

7.5.1 DRY WEIGHT CONTENT 

 

Total edible and non edible dry weight for each of the crops (Basil and Cabbage) was estimated 

at the end of the fourth week. For dry weight determination a random sample of eight plants were 

collected from each of the four systems.   

Each basil plant was cut in two parts. Edible (stem and leaves) non edible (root). Moreover, each 

plant of cabbage was chopped in three parts; stem, leaves (edible) and root (non edible). 

Thereafter, each of the parts of each of the crops were weighed to obtain fresh weight values, and 

afterwards the individual plant part were stored in envelops. Finally, all samples were put in the 

oven for 48 hours at 70˚C until weight did not change anymore. At this moment the samples were 

weighed again and the result was recorded as dry weight.   
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7.6 CALCULATIONS OF EFFICIENCIES 

 

In the following concepts total (crop) yield refers to fresh weight of crops in kg after four weeks 

of growths in the aquaponics system. The costs are all expressed in Ethiopian Birr (ETB). 

Furthermore, water productivity defined as the amount of product over volume of water depleted 

(FAO, 2003). Energy productivity is defined as the quantity of an agricultural product per unit of 

energy required for its production (Fluck, 1979). Finally, water and energy use are defined as the 

net water and energy consumed to produce an agricultural product until is harvested and 

commercialized (Daalgard et al., 2001).  

Water productivity is equal to plant kg / m3 water. Calculated by total yield produced by the 

crop, divided by total cubic meters of water consumed during four weeks. 

Water use is equal to liters of water / kg plant. Calculated by total liters of water consumed 

during four weeks, divided by total yield produced by the crop.   

Water yield cost is equal to water cost in ETB / kg plant. Calculated by total cost of water 

consumed in four weeks, divided by the total yield produced by the crop.   

Energy productivity is equal to plant kg / kWh consumed. Calculated by total crop yield 

divided by the total kWh consumed by all electronic devices in the system during the four weeks.   

Energy use is equal to kWh consumed / kg plant. Calculated by the total kWh consumed by all 

electronic devices in the system during four weeks, divided by total crop yield.  

Energy yield cost is equal to energy cost in ETB / kg plant. Calculated by total cost of energy 

consumed from all electronic devices in the system in four weeks, divided by total crop yield. 

Fish feed consumption per fish is equal to kg fish feed consumed / total number of fish. 

Calculated by the total kg of fish feed delivered to the fish tanks during four weeks, divided by 

the total number of fish per system.   

Fish feed efficiency is equal to plant kg / kg fish feed. Calculated by the total yield produced 

by the crop, divided by the total kg of fish feed delivered to the fish tanks during four weeks.  
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Fish feed conversion rate is equal to kg of fish feed consumed / kg plant. Calculated by the 

total kg of fish feed delivered to the fish tanks during four weeks, divided total yield produced by 

the crop.  

Fish feed consumed kg / kg total fish weight gain. Calculated by the total kilograms of fish 

feed delivered to the fish tanks during four weeks, divided by the total kg gain by fish in the 

tanks. 

Fish growth. In week one and week four, fishes were collected from a system and weighed in 

order to estimate fish growth, and assessed using the following equations: 

 Weight gain (g) = final weight (Wt)-Initial weight (W0) (g). 

 Relative weight gain (RWG %) = final weight (Wt)-Initial weight (W0) * 100 / Initial 

weight (W0).  

 Specific growth rate (SGR) = Mean final weight – mean initial weight * 100 / culture 

days. 

 

Statistical analysis of difference in dry weight per plant for basil and cabbage was performed 

using the IBM SPSS Statistics 20 for Windows using t-test at 95% probability (α=0.05). 

7.7 MISSING MEASUREMENTS AND PROXIES USED 

Due to the lack of infrastructure in the area of study and equipment to determinate the nutrient 

content in the water  only one water sample was analyzed in a private laboratory at the end of the 

trial to determine concentrations of total ammonia nitrogen (TAN = NH4+-N + NH3-N), nitrite 

nitrogen (NO2- -N), nitrate nitrogen (NO3- -N), macro and micronutrients. 

Equipment to measure dissolved oxygen was not available.  

Nutrient analysis of DM samples was not conducted immediately after the trial because the 

laboratory of the university in Addis run out of chemicals. The University promised to bring the 

samples to a private laboratory but given the unrest in Ethiopia we have not been able to verify 

whether the samples have indeed reached the private laboratory and whether the analysis have 

been performed. We have not received any results yet.   
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We are also still waiting for the quality of fish feed, especially the N concentration, to being able 

to calculate N recovery by the plants and fish.    

Fish have not been counted at the start of the experiment as the fingerlings had been on transport 

for a long time and additional handling of the fish would carry the risk of high mortality. The 

number of fish that died during the experiment has been monitored and at after 6 weeks the total 

number of fish in some of the tanks was counted. We added up the numbers to calculate an 

average per tank and assume that in all tanks a similar amount of fish was present at the start. 

Finally, dry matter content was compared between basil produced in system one and two, 

between  cabbage produced in systems three and five and between averages for basil and 

cabbage.  
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8 RESULTS AND DISCUSSION  

 

8.1 PH STABILIZATION IN AQUAPONIC FISH TANK  

 

Table 6 shows the results obtained from one experiment conducted to stabilize the pH to levels 

that are optimal according to the literature. Initial pH was recorded and sulfuric acid was added 

every 10 minutes. After two hours and 240ml of sulfuric acid diluted at 30% applied to the fish 

tank, pH dropped from 8.2 to 6.5. These results show the alkalinity hardness of the water in the 

fish tank due to the high calcium carbonate content. Villaverde et al., (1997) proved the 

importance of pH in relation to the nitrification rate and showed that 13% more efficiency is 

achieved when the pH increase from 5.0 to 8.5. Nevertheless, according to Tyson et al., (2011) 

pH in aquaponics systems must compromise the optimal environment within the components 

(bacteria, fish and plants) thereafter, 6.8 to 7.5 is considered proper range to achieved correct 

functioning of the biotic components. Thus, different sources of water may present different 

quality standards and differences in the pH and concentration of Calcium carbonate (CaCO3). 

Biesterfeld et al., (2003) report the importance of alkalinity concentrations between 40-80ml/l as 

the minimum concentration to support nitrification, one of the most critical and important 

biochemical process in aquaponics. Moreover, Rusten et al., (2006) remark that the nitrification 

rate was affected by 50% when alkalinity concentrations were reduced from 115mg/l to 57mg/l. 

Therefore the importance to assess the alkalinity concentration of water and to maintain a 

minimum concentration of 70mg/l to 200mg/l (Chen et al., 2006) on the whole system to 

achieved nitrification efficiency, reduce loss of inorganic carbon and maintain pH stability.  

The four aquaponics systems chosen for the research, showed a high initial pH values from 7.8 to 

8.2. Therefore, as part of the monitoring and maintenance of the systems, sulfuric acid diluted at 

30% was applied to decrease the pH and achieved a minimum pH of seven. Finally, 16 liters of 

acid were applied (1 liter of acid per fish tank) to maintain an average pH between 7.2 to 7.5 

within four weeks of basil and cabbage production.  
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Table 6. Differences between the initial and final pH in one fish tank after addition (ml) of 

sulfuric acid.   

 

 

 

 

 

 

 

 

8.2 WATER CONSUMPTION  

 

In our aquaponics system 3.8m3 water is needed at the start. About 1.2m3 of water needed to be 

added per month during the dry season (Table 7). According to the water tariff in Shewa Robit 

one m3 is 2.5 Ethiopian Birr. Thus, one household is expected to pay in the initial month: 3.8m3 + 

1.2m3= 5.0m3 x 2.5 ETB = 12.5 Ethiopian Birr (50 Euro cent). After the initial month  and during 

the dry months, the household is expected to pay only 3 ETB/month. Moreover, the total water 

consumption in the dry season was estimated at: 7 months x 1.2m3 is 8.4m3 in a year which will 

cost around 21 Ethiopian Birr (0.84 Euro). At the beginning of the raining season in Shewa 

Robit, the natural rainfall clearly reduced or avoided the addition of fresh water to the system, 

reducing therefore, expenses on water and maintaining the system at optimum level. According to 

the estimation, 12m2 (fish tanks and biofilters) of the aquaponic system in an average rainfall of 

180mm, is expected to collect around 2.1m3, which is 0.9m3 more than the system requires per 

month. In fact, during the raining season there is no need for water addition due to the positive 

effect of rainfall on the system. These results, remark even more the ecological value of 

aquaponics and capability to reutilize rainfall to produce food, reduce economic expenses and 

depletion of natural resource as water. Implementing proper technology and infrastructure able to 

collect rainfall and storage for further use in the dry season, will definitely promote the eco 

profitability of aquaponics.    

Hour  Sulfuric acid added 

fish tank (ml) 

pH 

10:00 am  0ml 8.2 Initial 

10:10am 10ml 7.9 

10:20am 15ml 7.8 

10:30am 20ml 7.6 

10:40am 20ml 7.4 

10:50am 30ml 7.2 

11:00am 35ml 7.0 

11:10am 20ml 6.9 

11:20am 20ml 6.8 

11:30am 20ml 6.7 

11:40am 20ml 6.6 

11:50am 20ml 6.6 

12:00pm 240 ml total 6.5 Final 
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Table 7. Water consumption and financial assessment per week for systems growing basil and 

cabbage.    

 

Rakocy et al., (2006) relates the fast growth of crops to the high dissolved nutrients 

concentrations that are achieved in aquaponics due to the little daily water exchange (less than 2 

percent). Moreover, this low exchange of water in aquaponics can maintain similar 

 

 

 

 

 

 

 

 

 

 

 

Water  

consumption 

Date Total (l) 

water in the 

system  

Water 

discharged 

l/ week 

Total (l) 

added / week 

Water 

consumption % of 

total volume/ 

week   

     

     

 3,800 0 270 7.1% 

 3,800 0 300 7.9% 

 3,800 0 335 8.8% 

 3,800 0 290 7.6% 

 Total water in  

system/month  

Water 

discharged 

l/ week 

Total (l) 

water added 

/month 

 

Water 

consumption % of 

total volume / 

month  

3.8 m3 * 2.5 

ETB 

0 1.2 m3 * 2.5 

ETB 

31.4% 

 

9.5 ETB 3ETB 

Total expenses 

per first month 

12.5 ETB 
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concentrations of dissolved nutrients and dissolved nitrogen as those achieved in hydroponics 

solutions. According to the data collected from the aquaponics systems in Shewa Robit, the daily 

water exchange was estimated in 1% for the first week, 1.12% for the second week, 1.25% for the 

third week and 1.08% for the fourth week. These results are all below the value (2% daily 

exchanged) proposed by Rakocy in 2006. This results highlights the ecological value and well 

establishment of the aquaponics systems in Ethiopia based on relatively low water use. 

Furthermore in relation to nutrient dynamics, an adequate (fish, fish feed and plant) ratio and 

proper maintenance of the aquaponic system, will minimize the accumulation of sludge and 

therefore reduce denitrification, leading to an increase in nitrate concentrations. Nitrate as an 

important nutrient in water for plant growth, can be regulated depending the crop characteristics. 

As an example, leafy green vegetables grow better with high nitrate concentration (lettuce, 

spinach, basil) and low nitrate concentrations stimulate fruit development (strawberries, tomato, 

berries).  

8.3 ENERGY CONSUMPTION PER SYSTEM 

 

To assess energy consumption during the whole production cycle, it was needed to quantify 

energy consumption per each one of electric devices within the system. Including both equipment 

(aerator and water pump) 2.23 kWh per day were consumed. Therefore, in one month 67 kWh, 

multiplied by fixed price of kWh in Shewa Robit of 0.6088 Ethiopian Birr, was spent. In one 

month, 40.8 Ethiopian Birrs (1.6 Euro) is expected to paid by the household for energy 

consumption. In the case of energy consumption, there is no possibility to reduce expenses unless 

cheaper systems of renewable energy can be found such as electricity generated by solar panels.  

Table 8. Energy consumption per production cycle of one month in kWh and ETB.  

Aerator 

(kWh/month) 

Water pump 

(kWh/month) 

Total  

(kWh/month) 

Tariff (ETB) Total (ETB) 

13 54  67 0.6088  40.8 

 

8.4 FISH FEED CONSUMPTION AND FINANCIAL ASSESMENT  

 

Fish feed consumption was based in the amount (g) delivered to the fish tanks on a daily basis. 

During the first 20 days 250 g per day was given in total for the four fish tanks. During the last 10 
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days 500 g per day was given in total for the four tanks. Therefore, 10 kg of fish feed was given 

during the whole cycle. The cost of 1 kg of fish feed is 6.8 ETB (0.27 EUR) Thus the household 

is expected to pay 68 ETB (2.72 EUR) per month. These expenses may vary according to the 

type of crop and fish.  

For the first month total costs for water (12.5 ETB), energy (40.8 ETB) and fish feed (68 ETB) 

were 121.3 ETB or 4.8 Euro. The next months water costs were only 3 ETB so the total monthly 

amount was 111.8 ETB or 4.47 euro. These results can vary according the season (rain or dry) 

and amount of fish feed delivered. 

8.5 PRODUCTION OF CABBAGE, BASIL AND FISH 

 

Basil production in systems three and five 

 

The raw data for basil can be found in annex II. In Table 10 and 11 only present summary data. 

Basil in system five produced a higher average edible (stem and leaves) fresh weight per plant 

(16.15g/plant) compared with the same fresh organ in system three (13.31g/plant). Thus, the 

edible dry weight between both systems result to be higher in system five. These values are 

explained mainly by the capability of the plant in system five to build more tissues and retain less 

water, compared with plant in system three which retain more water and produced less tissue. In 

addition, electrical conductivity values from system three were lower to values obtained from 

system five. Therefore, lower nutrients were available for the plant affecting the biomass 

production. The same results were found in the non edible dry weight between both systems. 

 

Table 10. Basil average fresh weight (g) per plant and average dry weight (g) per plant basil 

production per organ per system.  

Concept Fresh 

edible  Fresh non edible  

Dry weight 

edible  

Dry weight 

non edible  

System 5 Average 16.15 7.13 1.45 0.83 

SD  3.11 1.75 0.32 0.33 

System 3 Average 13.31 4.40 1.24 0.58 

SD 2.42 1.44 0.26 0.37 

 

Total fresh basil production in system five and three was calculated as 700 plants times fresh 

edible and fresh non edible weight per plant (16.15g+7.13g which is 23.28g) equal to 16.3kg and 
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(13.31g+4.40g which is equal to 17.71g) equal to 12.4kg. Total dry weight cabbage production in 

system five and three was calculated as 700 plants times dry edible and dry non edible weight per 

plant (1.45g+0.83g which is equal to 2.28g) equal to 1.59kg and (1.24g+0.58g which is 1.82g) 

equal to 1.27 kg.  

Table 11. Total fresh weight (kg) and total dry weight (kg) for basil in system five and three. 

Concept Total fresh yield (kg) Total yield dry weight (kg) 

System 5 16.3 1.6 

System 3 12.4 1.3 

 

Cabbage production in systems one and two  

 

The raw data for cabbage can be found in annex II. In Table 12 and 13 only present summary 

data. 

Comparing cabbage production within systems, show a higher average fresh weight (g/plant) for 

all organs in system one compared with system two. Moreover, average leaf fresh weight 

(g/plant) in both systems shows the higher values compared with the rest of the organs (root and 

stem). Moreover, dry weight results show that cabbage in system one achieved more tissues 

development than cabbage in system two comparing all organs. Additionally, leaf organ has the 

higher dry weight in comparison with the other two (root and stem) organs for both systems.  

The differences in dry weight produced between systems is mainly explained with the pH values, 

which in fact determinate nutrient availability and nutrient uptake by the plant. Therefore, 

systems with pH fluctuations higher from the expected range (6.8-7.5) during the growing cycle, 

stimulate more water retention than tissues development. Additionally, nutrient content in water 

was not precisely determined and therefore, unequal amount of nutrients in the systems such as 

nitrate, could contributed to the differences between systems in the dry matter produced by the 

crop.  
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Table 12. Cabbage average fresh weight (g) per plant and average dry weight (g) per plant  per 

organ per system.  

Concept Fresh 

leaf 

weight 

 

Fresh 

root 

 

 

Fresh 

stem 

 

 

Fresh 

edible 

leave 

+ stem 

Dry 

weight 

leaf 

 

Dry 

weight 

root 

 

Dry 

weight 

stem 

 

Dry 

weight 

leave + 

stem 

System 

1 

Average 19.91 7.10 6.51 26.41 1.68 0.58 0.59 2.27 

SD 9.41 2.3 1.4 8.31 0.62 0.26 0.23 0.65 

System 

2 

Average 

17.11 6.12 5.55 22.65 1.59 0.99 0.72 2.31 

 SD 7.45 3.54 2.48 9.25 0.51 0.37 0.18 0.60 

 

Total fresh cabbage production in system one and two was calculated as 700 plants times fresh 

edible and fresh non edible weight per plant (19.91g+7.10g+6.51g which is 33.52g) equal to 

23.5kg and (17.11g+6.12g+5.55g which is equal to 28.78g) equal to 20.1kg. Total dry weight 

production in system one and two was calculated as 700 plants times dry edible and dry non 

edible weight per plant (1.59g+0.99g+0.72g which is 3.3g) equal to 2.31kg and 

(1.68g+0.58g+0.59g which is equal to 2.85g) equal to 1.99kg.  

 

Table 13. Total fresh weight (kg) and total dry weight (kg) production for cabbage for system one 

and two 
Concept  Total fresh weight per system 

(kg) 

Total yield dry weight  

(kg) 

System 1 23.5 2.3 

System 2 20.1 2 

 

Fish production  

In order to estimate fish production per aquaponic system an average fish stock of 278 per system 

was calculated from field data. Initial average fish weight was 9.22g/fish and initial average fish 

length was 7.25cm/fish.  After four weeks, final average fish weight was 35.76g per fish and final 

average fish length 11.02cm per fish.   

In the next chapters calculations of productivity of fish and plant per unit of water, energy and 

fish feed and feed conversion ratio will be estimate using data presented. Next, the performance 

of the systems will be assessed according to resource use and resource use efficiency. 
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8.6 WATER AND ENERGY USE AND PRODUCTIVITY 

Dividing yield (fresh weight in table 12 and 13) over water consumption (1.2m3) gives water 

productivity (WP) in each of the systems. Thus, system one with cabbage achieved higher water 

productivity compared with system one, producing 2.9kg of fresh crop more per cubic meter of 

water. Moreover, system five producing basil achieved a higher water productivity of 3.3 kg fresh 

crop more per cubic meter of water.  

System one had lower (8.6 l) water use per kilogram of Cabbage crop produced compared with 

system two. System five needed 23.2 l less water to produce one kilogram of basil compared with 

system three.  

Dividing cost of water over yield gives water yield cost (WYC) for each crop in each system. 

Thus, for system one and two producing cabbage a WYC was estimated in 0.13 ETB/kg and 0.15 

ETB/kg respectively. For system three and five producing basil 0.24 ETB/kg and 0.18 ETB per 

kg produced are needed respectively.    

Dividing yield over energy consumption gives energy productivity (EP). Thereafter, systems 

producing cabbage achieved similar values with minimal differences of 0.05. The same statement 

applies for systems producing basil with a minimal difference of 0.06.    

Dividing energy consumption over yield gives resource use per kg output for crops in each of the 

systems. System one and two producing cabbage showed a difference of 0.5 kWh/kg crop 

produced, giving greater energy use to system one. Furthermore, according to calculations for 

systems producing basil, a difference of 1.3 kWh/kg basil produced, show greater energy use for 

system five.   

Finally, dividing total cost of energy in ETB over yield gives energy yield cost (EYC) for each 

crop in each system. Cabbage in system one and two needs 1.74 ETB/kg and 2.02 ETB/kg 

respectively. Thereafter, system three with basil need 3.31 ETB per kg and system five need 2.50 

ETB per kg produce.  
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Table 14. Water and energy use, productivity and financial assessment for Cabbage and Basil in 

aquaponics systems production in fresh weight 

In overall approach, systems producing cabbage (one and two) showed promising results in 

relation to water and energy use and productivity as well as cost per yield compared with systems 

producing basil. Moreover, system three showed the lowest productivity, efficiency and highest 

cost production. These results are possibly related to the low electrical conductivity values (fig. 

7), which determine electrical charges present in water as a measurement of the nutrient content 

in the system to promote plant growth.     

Aquaponics systems build in Ethiopia showed for basil an average water use of 85.2 l/kg and for 

cabbage an average of 55.4 l/kg as results. Moreover, the average energy use to produce one 

kilogram of basil for system five and three was 4.75 kWh/kg and for cabbage in system one and 

two it was 3.05 kWh/kg. In addition, “Aquaponics Ethiopia” demanded 162 l of water and 9kWh 

to produced one kilogram of tilapia.  Compared with values reported by Love (2015) of 104 l and 

154 kWh needed to produce one kilogram of basil and 292 l and 159 kWh to produce one kg of 

tilapia, Aquaponics systems build in Ethiopia resulted in lower demand of energy, water and 

therefore production cost per kilogram of food produced.   

Concept Water productivity 

kg / m3 

Water use 

l / kg 

Water yield cost 

ETB / kg 

Cabbage system 1 19.6 51.1 0.13 

Cabbage system 2 16.8 59.7 0.15 

Basil system 3 10.3 96.8 

 

0.24 

Basil system 5 13.6 73.6 0.18 

 Energy Productivity 

kg / kWh 

Energy use 

kWh / kg 

Energy inputs 

ETB / kg 

Cabbage system 1 0.35 2.8 1.7 

Cabbage system 2 0.3 3.3 2 

Basil system 3 0.18 5.4 3.3 

Basil system 5 0.24 4.1 2.5 
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8.7 FISH PRODUCTIVITY 

 

For fish productivity, three parameters were selected: weight gain, relative weight gain and 

specific growth rate. The raw data for the fish can be found in annex .The calculated parameters 

can be found in table 15.  

Table 15. Fish growth parameters per individual fish in the tanks. 

 

8.7.1 FISH FEED CONVERSION RATE AND EFFICIENCY FOR CABBAGE AND 

BASIL 

 

According values obtained from fish feed delivered and crop yield, a conversion rate was 

calculated. The results (table 16) indicate that cabbage in system one achieved the higher fish 

feed conversion rate, 70g less fish feed was needed to produce one kilogram of crop biomass 

compared with system two. Moreover, system five achieved greater conversion around 200g less 

were needed to produce one kilogram crop biomass compared with system three. Finally, 

comparing the four systems is clear that system one had a greater conversion rate.  

Additionally, there is a relation between the fish feed conversion rate and efficiency, which is 

obtain dividing the crop yield over the total feed delivered. Results (table 16) show the same 

trend, system one got the higher efficiency compared system two and within the four systems, 

achieving 1.35kg more biomass produced per kilogram fish feed. Moreover, systems producing 

cabbage show a higher efficiency than systems with basil. Additionally, system five performed 

better than system three, producing 400g more in crop biomass per kg fish feed delivered.  

Finally, the same parameters (conversion rate and efficiency) were calculated using total dry 

Weight gain (W) per fish in g Final weight (Wt) - Initial weight (W0) equal to  

35.76 – 9.22  = 26.54 g per fish 

Relative Weight Gain (RWG) in  % (Wt – W0) * 100 / W0) equal to  

 (35.76 – 9.22) * 100 / 9.22 = 288 % 

Specific growth rate (SGR) in g/day 

 

 

Mean final weight - mean initial weigh x 100 / 

culture days.  

(35.76 – 9.22) * 1 / 30 = 0.88 g/day per fish   
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weight produced per system (see table 11 and 13). Calculations reveal (table 16) that system two 

needed 660g more fish feed to produce one kilogram of dry weight in systems producing 

cabbage. Thus, results obtained from system five producing basil show that 2.1kg less fish feed 

was needed to produce one kilogram dry weight of basil compared with system three. Finally, as 

the water content in plants was very high, same results from conversion and efficiency were 

obtained within systems producing the same crop. Moreover, similar results were obtained for 

fish feed efficiency, system one and five had a higher efficiency compared with system two and 

three respectively.  

Bacteria performance in the bio-filter plays an important role in the nutrient compounds in water. 

Therefore, between systems producing the same crop different amount of fish feed was needed to 

produce one kg of dry matter crop. One reason could be related to the low nitrification process, 

which is affected by several factors such as pH, water alkalinity and maintenance of the system. 

Moreover, nitrogen is the primary source of energy for the crop in the vegetative stage. Thus, 

nitrogen (nitrate) as well as other macro nutrients such as potassium and phosphorous and micro 

nutrients such as iron are demanded through the growing cycle. Thereafter, low nutrient 

availability due to the low performance of the bacteria gives as a result, lower dry matter 

production per plant but not necessarily fresh crop yield.  

Table 16. Fish feed conversion rate and efficiency for basil and cabbage per system 

 

 

 

Fish feed conversion rate Fish feed efficiency 

kg fish feed/kg fresh 

crop 

kg fish feed/kg dry 

weight crop 

kg fresh 

crop/kg fish 

feed 

kg dry 

weight 

crop/ kg 

fish feed 

Cabbage system 1 0.43 4.34 2.35 0.23 

Cabbage system  2 0.5 5 2.01 0.2 

Basil system 3 0.81 8.3 1.24 0.12 

Basil system 5 0.61 6.2 1.63 0.16 
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Love et al., (2015) comparing inputs over outputs in a commercial scale aquaponic system in 

Baltimore USA, reported an average fish feed conversion rate into crop biomass of 0.5. These 

results match with the values obtained from the present research for cabbage production with an 

average FCR of 0.5. Nevertheless, for basil an average FCR of 0.71 resulted to be lower than the 

ratio reported by the author.   

 

8.7.2 FISH FEED CONVERSION RATE AND EFFCIENCY FOR FISH 

 

The net weight gain was 26.54g (Table 17). Multiplied by 278 fish per system this leads to 7.378 

kg of fish produced with 10kg fish feed. Thus, 1.35 kg of fish feed is needed to produce one 

kilogram of fish, because only 737 grams of fish feed is transformed into fish biomass. 

Additionally, each fish of the system consumed 0.035kg (35g) during 30 days.   

Table 17. Fish feed conversion, efficiency and consumption for fish for all systems 

Tacon and Metan in their paper published in 2008 gave results from their global survey in 

aquaculture feeds. They reported a fish conversion ratio (FCR) for salmon of 1.25, followed by 

trout with 1.25, carp with 0.83, cat fish 1.07 and finally tilapia with 1.38. The last value (1.38) 

resulted to be similar to the value (1.35) for FCR obtained for tilapia (Oreochromis aureus) in 

aquaponics systems in Shewa Robit, Ethiopia. In addition, the FCR achieved in aquaponics 

Ethiopia match with the same FCR reported by Love (2015) of 1.3kg feed to produce one kg of 

tilapia.  

8.8 DIFFERENCES BETWEEN SYSTEMS AND CROPS IN PRODUCTION OF DRY 

WEIGHT FOR BASIL AND CABBAGE 

 

Comparing average dry weight production of cabbage plants (see section 8.5) in system one with 

system two no significant difference (p>0.05) was found (see details annex I), this is explained 

by the similar performance of the systems. These results were expected mainly because the 

Total weight gain fish 

(g) per system 

Conversion rate 

kg fish feed/kg fish 

Efficiency 

kg fish/kg fish feed 

Fish feed 

consumption 

kg fish feed/ total 

number of fish 

26.54g × 278fish 7378g 

= 7.378kg 

10 / 7.378 = 

1.35 

7.378 / 10 = 

0.737 

10 / 278 = 

0.035 



44 
 

systems were treated equal for fish feed delivery, water addition, acid addition and daily 

maintenance. For basil also no significant difference was found between dry weight of plants 

produced in system three and five (p>0.05). 

These results confirm the well performance of the systems according to the mentioned variables 

such as fish feed delivery, water addition, acid addition and daily maintenance. Nevertheless, a 

significant difference (see details annex I) was found comparing the dry weight produced for 

basil and cabbage. An important reason is the difference between of crops. Basil is considered as 

a culinary herb from Lamiaceae family (mints) and cabbage comes from Brassicacea family and 

is considered a vegetable. Cabbage can accumulate higher biomass from the leaves, stem and root 

compared with basil. Cabbage needs around 45-70 days until harvest, while basil grows faster 

and reaches harvest at 35-42 days. Yet already at 30 days cabbage accumulated more dry matter 

than Basil. Both plants differ in physiology therefore the differences in the statistical value 

(p<0.05). Finally, the most important and relevant results for this project, were found in no 

significant difference within crops. This result refer that the productivity of the crops was highly 

influence by the performance of the system. This underlines the importance of an accurate ratio 

between fish, crops and fish feed to deliver enough nutrients to support plant and fish growth. In 

addition, maintaining variables such as pH, fish feed, temperature, electrical conductivity and 

water addition in optimal ranges and amounts is needed to reduce any possible negative effect. 

Finally, it reflects the importance of daily monitoring and maintenance of the systems, as well as 

the proper transfer of information and technology between farmers and scientist.  

Table 18. Average edible dry weight (g) per plant for cabbage and basil per system  

Concept 

System 1 

(Cabbage ) 

System 2 

(Cabbage) 

System 3 

(Basil) 

System 5 

(Basil) 

Edible average dry weight 

(g)  

 

2.28 ± 0.65 2.31 ± 0.60 1.45 ± 0.32 

 

1.24 ± 0.26 

 

8.8.1 WATER QUALITY PARAMETERS DURING THE EXPERIMENT 

Aquaponics systems had been referred to as very susceptible system where small changes can 

produce catastrophic consequences. Thus, the importance to assess and monitor particular 

variables which refer to the status of the aquaponic system related with nutrient content and 

nutrient availability to achieve fish and plant growth. Thereafter, (fig. 6) resumes the pH values 
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of the fish tanks per system per week. According to Tyson et al., (2011) an aquaponics system 

must be maintained between pH 6.8 and 7.5 to promote nitrification efficiency and nutrient 

availability as well as optimal performance of the bio-filter. Thus, all systems were treated 

carefully aiming to reduce the pH from initial values to the values suggested by literature. 

Addition of sulfuric acid resulted as a viable option to reduce pH as is visible in the figure. After 

several applications of sulfuric acid, pH was reduced into the required values. Addition of acid 

was continued for weeks to avoid any variation in pH due to the constant addition of tap water 

and aiming to stabilize the system to achieve optimal performance of the three biotic components 

(fish, bacteria and plant).  

Figure 6. Average pH values obtained from fish tanks among systems during four weeks. 

 

Plant growth is mainly determined by the amount and availability of nutrients present in water in 

their ionic form. The electrical conductivity (EC) represents the charged ions present in the water. 

The higher the amounts of charged ions the higher will be the EC. According to the values (fig. 

7) at the beginning of the trial all systems were between 701-726 (µS/cm). After the second 

week, the EC increased to a range between 841-1063 (µS/cm). The increase in the EC is due to 

the accumulation of nutrients which is related to the amount of fish feed supplied to the system. 

After the third week, the EC values registered were in a range of 1004-1388 (µS/cm). This result 

was expected and visible on the plant growth. At the end of the fourth week, the values collected 

from the aquaponics systems showed a range of 1060-1395 (µS/cm). Comparing third week with 

fourth week no considerable difference was achieved on the EC values. These values mainly refer 

to the maturity of the system and the nutrient content available for the plant. Finally, after four 

weeks of continuous monitoring and maintenance, the values obtained from EC and pH achieve 
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the stable equilibrium and optimal performance of the aquaponics systems. Differences in the EC 

values among the systems are related with the beneficiary behavior and pro activeness in the 

system. Beneficiary in system number three had one fish tank for one week without water and 

after the remark by the researchers, start filling the tank, therefore the values after first week were 

reduced due to the 800 liters add to the system as new water.      

Figure 7. Average electrical conductivity (EC) values obtained from fish tanks among systems 

per four week. 

 

Temperature plays an important role for all the organisms present in the aquaponic system. 

Therefore, it is needed to balance or asses the temperature ranges according to the requirements 

of the living components and to maintain a proper range according to the species produced. As an 

example, Tilapia spp. like to live in temperatures ranges around 27˚C.Thus it is imperative to 

maintain a proper range in the temperature in order to avoid negative effects on the feeding habit 

of the fish, bringing as a consequences reduction on the amount of nutrients available for the 

plant. Moreover, plants also perform optimal in a certain range of temperature and environmental 

conditions.  

Therefore, the importance of the choice of species either endemic or adapted to the climate 

conditions to achieve reliable productivity. In addition, bacteria nitrification efficiency is also 

controlled by the temperature, therefore any temperature below 15˚C must be avoided. Figure 18, 

shows the average values for temperature from the fish tanks per system per week. The lowest 
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temperature recorded is 24.2 in the fourth week and maximum temperature of 26.2 in week three. 

Finally, during the whole trial no undesired temperatures were registered either below or above 

the parameters required by the fish, plant and bacteria. Therefore, as was mentioned before, 

monitoring and maintenance every day will promote the stability of the systems and achieve the 

desired goals of the farmer and scientist. Nevertheless, system five showed higher temperatures 

compared with the other three systems after the second week. The total area available to 

implement the system in household number five Mulu Emebet was lower compared with other 

households backyard. Additionally, the aquaponic system was totally surrounded by the owner 

house and neighbors. Therefore, during the day the water temperature in the aquaponic system 

was clearly higher than other systems which had open areas and no walls or houses surrounding 

the complete system. Moreover, system 1, 2 and 3 had at least one tree in their property next to 

the aquaponic system which clearly reduce the radiation intensity but this was not the case in 

systems five. Additionally, system 1, 2 and 3 used to cover the fish tanks with a plastic sheet in 

addition to the greenhouse net to avoid the accumulation of leaves, dust and organic residues 

inside the fish tanks. Nevertheless, this was not the case in system five where only the 

greenhouse net was used by the household.   

 

Figure 8. Average temperature (˚C) values obtained from fish tanks among systems per four 

week. 
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8.8.2 LABOUR  

 
Using a chronometer, each one of the households verified the correct functioning of all 

components in the aquaponics system. According to the time recorded, 4.30 – 5.30 minutes are 

needed to verify the correct functioning of all components in the system. Additionally, fish feed 

is delivered twice per day (morning and afternoon), to avoid any accumulation of fish feed in the 

bottom of the fish tanks and promote denitrification, the fish feed is withdraw from the fish tanks 

after one hour. Thereafter, according time spend for monitoring and fish feed deliver a minimum 

of two hours and thirty minutes are suggested to achieved optimal functioning of the aquaponic 

system. Aquaponics monitoring and maintenance demand less time than transplanting and 

harvesting. Tokunaga et al., 2013 refer as 46% from the total operational cost of the aquaponic 

farm just for labor and remark that vegetable production is more labor intense than fish 

production. In all aquaponics systems built in Ethiopia as was mentioned before, family plays and 

important role and all cost of labor is reduced by family labor which do not generate any 

additionally expenses and provide larger income margin from the commercialized products (fish 

and crop).   
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9 CONCLUSIONS AND RECOMMENDATIONS  

The “Aquaponics Ethiopia” project is providing in Shewa Robit the capability to save resources, 

promote resource use efficiency and produce food as the most important goal. 

The aquaponics systems in Shewa Robit used less water per kg of crop produced and less water 

per kg fish produced than in literature, showing that balancing the system may lead to substantial 

water savings. These results are very important due to the water scarcity in the region, and the 

need to optimize available resource to produce food without compromising human wellbeing. 

The energy input per kg crops and fish was also lower than from literature, which is important as 

energy are cost to the household.  

Additionally, due to the lack of time the socioeconomic studies were not finalized. Nevertheless, 

save and optimize resource in food production is proved increase the income of the farmer. 

Therefore, promising economic income must be achieved by the household in relation to the low 

cost to produce one kilogram of food in the aquaponic system, easy management and 

maintenance due to the low size (42m2) of the system. These small aquaponic systems achieved 

greater results than those reported from farms of thousands of dollars in technology. Moreover, 

this report gives an idea of the technology, investment capacity, knowledge and work needed by 

the population in order to reduce their food insecurity and poverty.  

Finally, many countries around the world are facing food insecurity and poverty. To address this 

situations “Aquaponics Ethiopia” is currently providing food security to households as well as 

supporting economic growth and household empowerment from production and 

commercialization of the fish and crop produced. Thus, the importance of design food production 

systems adapted as much as possible to the environmental, economic and social domains, will 

create interest in the population due to the matching principles from the system and their 

mentality. The importance of the family is remarkable not only to reduce expenses is also 

important on the interaction and close contact within the family, this promote sharing ideas as 

well as expertise by other members. Finally, new generations are growing with a different 

mentality and interest in their intellectual development and improving their quality of life. 
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RECOMMENDATIONS  

 Asses water quality before start running the systems, remark the CACO3 analysis.  

 Establish a plot in the owner backyard to produce seedlings and/or use the bio-filters as 

seedlings bed.  

 Make use of plant species adapted to the region and fish with high FCR as carp to reduce 

expenses and optimize production.  

 Create crop rotation schedule within systems or produce different crops per system. 

Avoid constant or permanent production of a single crop.    

 Create a hatchery to provide fingerlings for the beneficiaries.  
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11 ANNEX I 

 

Statistical analysis for cabbage average edible dry weight (g) per plant between system one and two.    

 
T-TEST GROUPS=System(1 2) 

/VARIABLES=Dw edible 

/CRITERIA=CI(.95). 

Group Statistics 

 System N Mean Std. Deviation Std. Error Mean 

Dwedible Cabbage 1 8 2.27 .65991 .23331 

Cabbage 2 8 2.31 .59578 .21064 

 

 

Levene's Test for Equality of Variances 

F Sig. t df Sig. (2-tailed) 

95% Confidence Interval of 

the Difference 

Lower Upper 

Dwedible Equal variances assumed .249 .625 -.792 14 .442 -.92311 .42523 

Equal variances not assumed   -.792 13.856 .442 -.92377 .42589 

 

Statistical analysis for basil average edible dry weight (g) per plant between system three and five.    
T-TEST GROUPS=System(3 5) 

/VARIABLES=Dwedible 

/CRITERIA=CI(.95). 

Group Statistics 

 

 

 System N Mean Std. Deviation Std. Error Mean 

Dwedible Basil 3 8 1.24 .26476 .09361 

Basil 5 8 1.45 .32170 .11374 

 

 

Levene's Test for Equality of Variances 

F Sig. t df Sig. (2-tailed) 

95% Confidence Interval 

of the Difference 

Lower Upper 

Dwedible Equal variances assumed .464 .507 -1.430 14 .175 -.52656 .10531 

Equal variances not assumed   -1.430 13.500 .175 -.52766 .10641 
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Statistical analysis for cabbage and basil average edible dry weight (g) per plant between systems.    
T-TEST GROUPS= Cabbage v.s Basil 

/VARIABLES=Dwedible 

/CRITERIA=CI(.95) 

 

Group Statistics 

 Systems N Mean Std. Deviation Std. Error Mean 

Dwedible Total Cabbages 16 2.29 .62080 .15520 

Total Basil 16 1.35 .30469 .07617 

 

 

 

 

Levene's Test for Equality of Variances 

F Sig. t df Sig. (2-tailed) 

95% Confidence Interval of 

the Difference 

Lower Upper 

Dwedible Equal variances assumed 14.533 .001 4.873 30 .000 .48933 1.19549 

Equal variances not assumed   4.873 21.830 .000 .48370 1.20111 
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ANNEX II 

System 1. Cabbage production in fresh weight (g), dry weight (g) and dry matter (%) per plant organ. 
crop system replicate Fleave Froot Fstem Fedible F total Dwleave Dwroot Dwstem Dwedible DwTotal DM leave DM root DM stem DM edible DM total      

cabbage  1 1 34.58 5.44 7.60 42.18 47.62 2.64 0.34 0.33 2.97 3.31 7.63 6.19 4.38 7.05 6.95     

cabbage  1 2 23.94 9.48 8.85 32.79 42.27 1.99 0.33 0.60 2.59 2.92 8.32 3.44 6.77 7.90 6.90     

cabbage  1 3 14.84 5.59 5.38 20.22 25.81 0.92 0.57 0.43 1.35 1.92 6.18 10.25 8.03 6.67 7.45     

cabbage  1 4 22.21 7.35 6.49 28.70 36.05 1.11 0.79 0.93 2.04 2.83 4.98 10.76 14.31 7.09 7.84     

cabbage  1 5 20.06 10.78 7.58 27.64 38.42 1.29 0.99 0.42 1.72 2.70 6.45 9.17 5.58 6.21 7.04     

cabbage  1 6 17.29 7.91 6.36 23.65 31.56 1.23 0.43 0.43 1.66 2.10 7.12 5.47 6.79 7.03 6.64     

cabbage  1 7 12.17 3.58 4.94 17.11 20.69 2.00 0.33 0.94 2.93 3.26 16.41 9.22 18.97 17.15 15.78     

cabbage  1 8 14.16 6.69 4.84 19.00 25.69 2.23 0.83 0.66 2.89 3.72 15.73 12.42 13.66 15.21 14.48     

  total 159.25 56.82 52.04 211.29 268.11 13.40 4.61 4.75 18.15 22.76          

  AV 19.91 7.10 6.51 26.41 33.51 1.68 0.58 0.59 2.27 2.84 9.10 8.37 9.81 9.29 9.13     

  SD 7.19 2.32 1.43 8.31 9.22 0.62 0.26 0.23 0.65 0.61 4.42 3.03 5.18 4.31 3.73     

  
 

 

System 2. Cabbage production in fresh weight (g), dry weight (g) and dry matter (%) per plant organ. 
crop system replicate Fleave Froot Fstem Fedible F total Dwleave Dwroot Dwstem Dwedible DwTotal DM leave DM root DM stem DM edible DM total      

cabbage  1 1 34.58 5.44 7.60 42.18 47.62 2.64 0.34 0.33 2.97 3.31 7.63 6.19 4.38 7.05 6.95     

cabbage  1 2 23.94 9.48 8.85 32.79 42.27 1.99 0.33 0.60 2.59 2.92 8.32 3.44 6.77 7.90 6.90     

cabbage  1 3 14.84 5.59 5.38 20.22 25.81 0.92 0.57 0.43 1.35 1.92 6.18 10.25 8.03 6.67 7.45     

cabbage  1 4 22.21 7.35 6.49 28.70 36.05 1.11 0.79 0.93 2.04 2.83 4.98 10.76 14.31 7.09 7.84     

crop system replicate Fleave Froot Fstem Fedible F total Dwleave Dwroot Dwstem Dwedible DwTotal DM leave DM root DM stem DM edible DM total 

cabbage 1 1 34.58 5.44 7.60 42.18 47.62 2.64 0.34 0.33 2.97 3.31 7.63 6.19 4.38 7.05 6.95

cabbage 1 2 23.94 9.48 8.85 32.79 42.27 1.99 0.33 0.60 2.59 2.92 8.32 3.44 6.77 7.90 6.90

cabbage 1 3 14.84 5.59 5.38 20.22 25.81 0.92 0.57 0.43 1.35 1.92 6.18 10.25 8.03 6.67 7.45

cabbage 1 4 22.21 7.35 6.49 28.70 36.05 1.11 0.79 0.93 2.04 2.83 4.98 10.76 14.31 7.09 7.84

cabbage 1 5 20.06 10.78 7.58 27.64 38.42 1.29 0.99 0.42 1.72 2.70 6.45 9.17 5.58 6.21 7.04

cabbage 1 6 17.29 7.91 6.36 23.65 31.56 1.23 0.43 0.43 1.66 2.10 7.12 5.47 6.79 7.03 6.64

cabbage 1 7 12.17 3.58 4.94 17.11 20.69 2.00 0.33 0.94 2.93 3.26 16.41 9.22 18.97 17.15 15.78

cabbage 1 8 14.16 6.69 4.84 19.00 25.69 2.23 0.83 0.66 2.89 3.72 15.73 12.42 13.66 15.21 14.48

total 159.25 56.82 52.04 211.29 268.11 13.40 4.61 4.75 18.15 22.76

AV 19.91 7.10 6.51 26.41 33.51 1.68 0.58 0.59 2.27 2.84 9.10 8.37 9.81 9.29 9.13

SD 7.19 2.32 1.43 8.31 9.22 0.62 0.26 0.23 0.65 0.61 4.42 3.03 5.18 4.31 3.73

TP in kg 1.17285 0.4032875 0.415275 1.9914125
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cabbage  1 5 20.06 10.78 7.58 27.64 38.42 1.29 0.99 0.42 1.72 2.70 6.45 9.17 5.58 6.21 7.04     

cabbage  1 6 17.29 7.91 6.36 23.65 31.56 1.23 0.43 0.43 1.66 2.10 7.12 5.47 6.79 7.03 6.64     

cabbage  1 7 12.17 3.58 4.94 17.11 20.69 2.00 0.33 0.94 2.93 3.26 16.41 9.22 18.97 17.15 15.78     

cabbage  1 8 14.16 6.69 4.84 19.00 25.69 2.23 0.83 0.66 2.89 3.72 15.73 12.42 13.66 15.21 14.48     

  total 159.25 56.82 52.04 211.29 268.11 13.40 4.61 4.75 18.15 22.76          

  AV 19.91 7.10 6.51 26.41 33.51 1.68 0.58 0.59 2.27 2.84 9.10 8.37 9.81 9.29 9.13     

  SD 7.19 2.32 1.43 8.31 9.22 0.62 0.26 0.23 0.65 0.61 4.42 3.03 5.18 4.31 3.73     

 

 
 

 

 

 

 

 

System 3. Basil production in fresh weight (g), dry weight (g) and dry matter (%) per plant organ.  
 

crop system replicate Fleave Froot Fstem Fedible F total Dwleave Dwroot Dwstem Dwedible DwTotal DM leave DM root DM stem DM edible DM total 

cabbage 2 1 12.22 2.84 4.35 16.57 19.41 2.65 0.76 0.64 3.28 4.04 21.64 26.76 14.64 19.81 20.82

cabbage 2 2 9.92 2.94 4.68 14.60 17.54 1.89 1.09 0.91 2.79 3.88 19.00 37.01 19.40 19.13 22.13

cabbage 2 3 10.35 3.76 3.29 13.64 17.40 1.18 0.72 0.61 1.78 2.50 11.35 19.15 18.45 13.06 14.38

cabbage 2 4 13.36 7.40 7.17 20.53 27.93 1.63 1.04 0.89 2.52 3.56 12.22 14.11 12.34 12.27 12.75

cabbage 2 5 17.51 7.07 4.03 21.54 28.61 1.69 1.80 0.90 2.59 4.39 9.66 25.45 22.23 12.01 15.33

cabbage 2 6 16.82 3.65 3.98 20.80 24.45 1.44 0.81 0.82 2.26 3.07 8.58 22.13 20.54 10.87 12.55

cabbage 2 7 28.02 13.09 10.85 38.87 51.96 1.12 0.62 0.50 1.62 2.24 4.00 4.74 4.57 4.16 4.31

cabbage 2 8 28.66 8.18 6.02 34.68 42.86 1.17 1.09 0.49 1.66 2.75 4.06 13.30 8.19 4.78 6.41

total 136.86 48.93 44.37 181.23 230.16 12.76 7.93 5.74 18.50 26.43

AV 17.11 6.12 5.55 22.65 28.77 1.59 0.99 0.72 2.31 3.30 11.32 20.33 15.05 12.01 13.58

SD 7.45 3.54 2.48 9.26 12.53 0.51 0.37 0.18 0.60 0.78 6.36 9.87 6.29 5.71 6.19

TP in kg 1.116325 0.69369125 0.50220625 2.3122225
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System 5. Basil production in fresh weight (g), dry weight (g) and dry matter (%) per plant organ. 
crop system replicate Fleave Froot Fstem Fedible F total Dwleave Dwroot Dwstem Dwedible DwTotal DM leave DM root DM stem DM edible DM total      

cabbage  1 1 34.58 5.44 7.60 42.18 47.62 2.64 0.34 0.33 2.97 3.31 7.63 6.19 4.38 7.05 6.95     

cabbage  1 2 23.94 9.48 8.85 32.79 42.27 1.99 0.33 0.60 2.59 2.92 8.32 3.44 6.77 7.90 6.90     

cabbage  1 3 14.84 5.59 5.38 20.22 25.81 0.92 0.57 0.43 1.35 1.92 6.18 10.25 8.03 6.67 7.45     

cabbage  1 4 22.21 7.35 6.49 28.70 36.05 1.11 0.79 0.93 2.04 2.83 4.98 10.76 14.31 7.09 7.84     

cabbage  1 5 20.06 10.78 7.58 27.64 38.42 1.29 0.99 0.42 1.72 2.70 6.45 9.17 5.58 6.21 7.04     

cabbage  1 6 17.29 7.91 6.36 23.65 31.56 1.23 0.43 0.43 1.66 2.10 7.12 5.47 6.79 7.03 6.64     

cabbage  1 7 12.17 3.58 4.94 17.11 20.69 2.00 0.33 0.94 2.93 3.26 16.41 9.22 18.97 17.15 15.78     

cabbage  1 8 14.16 6.69 4.84 19.00 25.69 2.23 0.83 0.66 2.89 3.72 15.73 12.42 13.66 15.21 14.48     

  total 159.25 56.82 52.04 211.29 268.11 13.40 4.61 4.75 18.15 22.76          

  AV 19.91 7.10 6.51 26.41 33.51 1.68 0.58 0.59 2.27 2.84 9.10 8.37 9.81 9.29 9.13     

  SD 7.19 2.32 1.43 8.31 9.22 0.62 0.26 0.23 0.65 0.61 4.42 3.03 5.18 4.31 3.73     

 

crop system replicate Froot Fedible F total Dwroot Dwedible DwTotal DM root DM edible DM total 

basil 3 1 4.34 13.08 17.42 0.46 1.25 1.70 10.55 9.52 9.77

basil 3 2 4.46 11.68 16.14 0.33 1.08 1.40 7.31 9.22 8.69

basil 3 3 3.62 17.58 21.20 0.48 1.64 2.12 13.26 9.33 10.00

basil 3 4 3.01 11.13 14.14 0.28 0.99 1.28 9.44 8.91 9.02

basil 3 5 4.86 14.57 19.43 0.73 1.29 2.02 15.02 8.82 10.37

basil 3 6 7.66 15.75 23.41 1.44 1.63 3.07 18.81 10.32 13.10

basil 3 7 3.44 11.11 14.55 0.47 1.02 1.49 13.63 9.21 10.25

basil 3 8 3.84 11.54 15.38 0.43 1.03 1.46 11.15 8.93 9.49

total 35.23 106.44 141.67 4.62 9.92 14.54

AV 4.40 13.31 17.71 0.58 1.24 1.82 12.40 9.28 10.09

SD 1.45 2.43 3.35 0.37 0.26 0.59 3.58 0.48 1.35

TP in kg 0.40387375 0.868 1.27187375
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ANNEX III 

 

System 1, 2, 3 and 5. Initial and final fish weight and length.   

 

crop system replicate Froot Fedible F total Dwroot Dwedible DwTotal DM root DM edible DM total 

basil 5 1 10.29 18.78 29.07 1.02 1.68 2.70 9.92 8.92 9.27

basil 5 2 6.98 20.00 26.98 0.55 1.70 2.25 7.92 8.50 8.35

basil 5 3 6.56 13.81 20.37 0.82 1.30 2.12 12.53 9.41 10.42

basil 5 4 5.97 19.13 25.10 0.49 2.02 2.51 8.22 10.56 10.00

basil 5 5 5.95 16.53 22.48 0.76 1.32 2.08 12.73 7.99 9.24

basil 5 6 7.84 14.50 22.34 1.24 1.20 2.44 15.75 8.28 10.90

basil 5 7 8.68 15.65 24.33 1.30 1.36 2.66 15.01 8.69 10.95

basil 5 8 4.80 10.82 15.62 0.43 1.03 1.46 8.96 9.52 9.35

total 57.07 129.22 186.29 6.61 11.61 18.22

AV 7.13 16.15 23.29 0.83 1.45 2.28 11.38 8.98 9.81

SD 1.75 3.11 4.15 0.33 0.32 0.40 3.06 0.83 0.91

TP in kg 0.57854125 1.0154375 1.59397875

Fish 

Replicate 

 

 

Fish 

Initial 

Biomass 

(g) 

Fish 

Final 

Biomass 

(g) 

Fish 

Initial 

Length 

(cm) 

Fish 

Final 

Length  

(cm) 

1 25.6 34.4 10.9 10 

2 31.2 34.6 12.5 11 

3 8.2 40.2 7.4 13.1 

4 4.1 33.2 6 10 

5 12.4 31.2 8.1 9 

6 8.5 41 7.6 13 

7 4.9 

 

6.4 

 8 5.4 

 

6.2 

 9 4.4 

 

5.5 

 10 5.5 

 

6.4 

 11 3.5 

 

6 

 12 3.1 

 

5.6 

 13 3.1 

 

5.6 
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12 SUPPLEMENTARY MATERIAL 

 

Total 119.9 214.6 94.2 66.1 

Average 9.22 35.76 7.25 11.02 

SD 8.98 3.94 2.16 1.70 
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LINKING FARMERS AND CUSTOMERS 

 

Aquaponics systems can potentially be implemented in almost any location in the world and produce food. Therefore, it is important to 

remark the potential socio-economic and socio-environmental benefits that can be achieved and promoted. In peri-urban cities where 

space is available on the backyard of households but main problem is supply of fresh products such as vegetables, aquaponics systems 

can be adapted as the main source of fresh products, allowing optimization of the available space and delivering high quality food for 

the population (Bon, 2010).  

One factor had been raised as many others in order to solve the demand of society regarding quality of products and lower prices. 

Therefore, it is necessary to reformulate and improve the supply chain of products, as an option, to reduce the cost of the products. It is 

imperative to promote and engage more closely farmers with consumers, designing new supply chains where less middle people is 

involved. Therefore, less long and complex will be the supply chain, which is well prove that as longer is the chain, higher is the price 

and therefore, affect the capability of acquire more diverse products by the customer (Wohlgenant, 2010). This strategy will definitely 

decrease the environmental food print, and enhance the quality of food deliver.  It is also relevant to stimulate the society to collaborate 

with innovative solutions of food supply, as an example; community gardens, which also allows the consumer to track the origin of the 

product and production method (Toumi, 2010).  

As aquaponics can be adapt and implement according several factors, such as; investment capacity, knowledge, available resources, 

climate conditions, etc., it is imperative to assure correct technical support to maintain a positive reputation of this food production 

systems and skilled profile for households.  

TECHNICAL AND SOCIAL CHALLENGES  

Aquaponics systems design and implementation combine several degrees such as; agronomist, biochemistry and engineering. The 

theory complexity of aquaponics can outweigh the complexity on reality for the implementation of this systems around the world, it is 

know that depth knowledge is require. Nevertheless, the most needed population in the world present a lack of education and therefore, 

knowledge to implement and manage this systems by their own. It is impossible to achieve a degree on agronomy, biochemistry and 
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engineering within only 2 months. Thereafter, I relay on the imperative capacitation and training of households in practical way as the 

most important require for establishment and proper management of this systems. In aquaponics, as any other food production system, 

challenges must be faced in order to find solutions and must be shared with other to avoid the same mistake or speed up the process. 

As a business model, not only the mentioned expertise areas must be achieved also, economics, finance and marketing to support and 

consolidate the complete chain since production until commercialization and reduce the deformation of the supply chain by integration 

of other people as intermediaries. Finally, aquaponics, require a realistic complex knowledge which, can be acquire in short and middle 

term under correct and precise transfer of information as well as patient and tolerance. Moreover, to optimize the resource use, use 

efficiency and highest productivity. Finally, maintain its reputation as an innovative and sustainable food production system, capable 

to enhance food security and improve the quality of life.            
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AQUAPONICS BUSINESS MODEL. CASE STUDY: SHEWA ROBIT, ETHIOPIA. 
 
 

Key Partners 
 

 Fish feed suppliers 

 Fish suppliers 

 Seeds suppliers 

 Technical assistance 
(PhD and MSc students) 

 Local and international 
universities 
(Wageningen and Addis 
Ababa) 

 Local NGO’s 

 Entrepreneur Incubator 
 
 

Key Activities 
 

 Permanent monitoring 
of the system to 
achieve the optimum 
performance 
 

 Capacitation of 
households on 
marketing strategies 
and business 
opportunities 

Value Proposition 
 
 
 
 

 Provide households an 
affordable and 
profitable aquaponics 
systems, ensuring and 
providing healthy and 
nutritional food 
(protein and minerals) 
produced under 
sustainable practices 
and resource use 
efficiency. 

 

Customer Relationship 
 
 
 

 Direct relation between 
farmers and consumers 
 

 Phone contact 
 
 

 Local NGO’s 
 

 
 

Customer Segment 
 

 Family 
 

 Neighbors 
 

 Retailers 
 

 Shops 
 

 Supermarket 
 

 Hospital 
 

 School 
 

 Hospital 
 

 Restaurants 
 

 Key Resources 
 

 Human capital 

 Financial capital 

 Technical assistance 

 Natural resources 

 Entrepreneur skills 
 

Channels 
 

 Local markets 

 Direct sailings 

 Delivery service 

 Cooperative support 
 

 
 

 

Cost Structure 
 

 Infrastructure – marketing and distribution – technical assistance 

 Inputs: Fish feed - fish -  seeds  - water – amendments – energy - labour 

Revenue Streams 
 

 Commercialization of products: Fish and Crops 

 Promotion as an alternative farming systems 

 Improve Quality of Life 
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