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Abstract: 8 

A farmland based African Catfish recirculation aquaculture system with a production volume (PV) of 300 m3 was 9 

modelled under realistic market conditions in order to analyse the impact of price fluctuations on profitability. As a 10 

monoculture RAS for whole fish and the wholesalers market, the model northern German catfish aquaculture is cur-11 

rently gainless, but the production is sufficient to cover all costs. The most decisive economic parameter is the low 12 

selling price (2.20 €/kg whole fish), which affects the operating result by ± 70.5 TEUR for every ten percent (0.22 €) price 13 

change. Among the variable costs, feed has by far the largest impact with a share of 61% (42.1% of total costs). Based on 14 

the initial model every ten percent price variation of this variable input factor changes the returns by ± 29.7 TEUR/year, 15 

followed by energy (± 5.9 TEUR/year), fingerlings (± 4.8 TEUR/year), wages (± 4.0 TEUR/year) and water (± 2.5 16 

TEUR/year). Larger system sizes (600 m3PV) significantly save costs due to economies of scale and achieve returns of 17 

175,240 €/year and an ROI of 11.45%. Increasing max. stocking density from 450 kg/m3 to 550 kg/m3 improves returns 18 

and ROI (40,379 €/year; 4.40%), but also involves higher production risks. An own fingerling production with a pro-19 

duction of 300% above the own requirements improves returns and ROI (39,871 €/year; 3.57%) and leads above all to 20 

independence from foreign suppliers. Aquaponic integrations can generate profits, but are associated with high in-21 

vestment costs and the challenges of entering a new business sector. Product diversification into fillet (50% of the 22 

production) and smoked fillet (30%) generates lucrative returns and ROI (212,198 €/year; 20.10%). Profitability is fur-23 

ther increased by direct marketing in the form of a farm store and the establishment of a regional "producer organisa-24 

tion". Our results demonstrate that under current market conditions northern German catfish aquaculture covers all 25 

costs, mainly increasing profitability through altered sales prices and feed costs. Retaining a larger part of the fishery 26 

value chain within the farm through additional benefits, further processing and product diversification improves 27 

profitability, making African catfish RAS a sustainable and economically profitable aquaculture business in Germany. 28 

Keywords: Aquaculture; Aquaponics; Economies of Scale; RAS; Profitability; ROI; Value Chain 29 

 30 

1. Introduction 31 

Aquaculture development in Europe is stagnating in many countries [1] and also in Germany [2]. This is despite 32 

the fact that the European Commission is seeking for new solutions increasing sustainable aquaculture production 33 

inside the member states [3]. Recirculation aquaculture systems (RAS) have been recognized as an alternative to open 34 

water and netcage aquaculture, enabling higher stocking densities, reducing water consumption and controlling nu-35 

trient and waste water release [4,5]. In combination with plant production, so called aquaponics can be considered a 36 

contemporary and ecologically sustainable agricultural production system that supports the development of a recy-37 

cling economy [6]. It can be integrated into the existing value chains, either coming from the aquaculture or the plant 38 

production side.  39 

While the intensive production of salmonids in RAS has been established in Scandinavia and Denmark [7,8] and 40 

Poland (9), more challenging species such as pike-perch (Sander lucioperca) are still under development [10]. Successful 41 

RAS of African catfish (Clarias gariepinus) in Europe has been developed in the Netherlands and also introduced to 42 

Germany and other European countries [11]. Combined with alternative energies and cheap warm water sources, e.g. 43 

from biogas plants [12], commercial production of C. gariepinus in warm water RAS has increased in Germany notably 44 

by 221% between 2011 (319 t/year) [6] and 2020 (1,025 t/year) [13]. This production output takes place as a combination 45 
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of African catfish RAS and regular farming activities, reducing costs of energy and water as well as reutilizing the 46 

nutrient enriched solids and waste water on the farm.  47 

African catfish products reach quality attributes of fillets superior to other catfish species such as European catfish 48 

(Silurus glanis), African catfish hybrid (Heterobranchus longifilis x Clarias gariepinus) distributed under the brand name 49 

Claresse® and Pangasius (Pangasianodon hypophthalmus) [14]. This is nowadays recognized also on German markets, 50 

seeking new investments into African catfish RAS and further increasing production capacity. In addition, several 51 

studies demonstrated that African catfish effluents can be used in aquaponics to produce valuable plant products such 52 

as basil (Ocimum basilicum) [15,16,17], mint (Mentha spicata) [18] and ivy (Hedera helix) [19]. However, the development 53 

of African catfish farms in Germany were primarily promoted by the European Maritime and Fishery Fund (EMFF) 54 

[20] in the form of investment subsidies of up to 49%, but were also supported by the Renewable Energy Law (EEG), 55 

where the use of warm water from biogas production inside the RAS was compensated with an additional subsidy 56 

(Combined Heat and Power bonus - CHP) [21,22]. The different market conditions, locations and policies, but also 57 

reports about RAS unprofitability [2,23] and whitewashed figures of plant manufacturers make it difficult for the fu-58 

ture investor to calculate profitability of new African catfish RAS. 59 

African catfish RAS has the advantage that Clarias gariepienus can be cultivated under high stocking densities 60 

[24,25,26], reaches survival rates above 90% [27], can withstand adverse water conditions [28,29] and is therefore ap-61 

plicable under regular farming conditions. However, the systems currently in use have not been further developed 62 

under consideration of new water filtration systems, cultivation conditions, and management strategies. While the 63 

importance of the feed price onto profitability of regular aquaculture systems has been very well described [30,31,32] 64 

the driving cost factors for African catfish RAS including the key production factors have not been analysed. We 65 

herewith calculate the actual cost structure of African catfish RAS in northern Germany based on a model farm and 66 

regular market conditions. The different variable costs are arranged in a descending order, and allow analyses of the 67 

real effects of price fluctuations and different entrepreneurial decision scenarios on key performance indicators (KPI), 68 

illustrating the potential of cost control and system improvements. Two aquaponic scenarios allow an estimation of 69 

additional costs and benefits. Profitability and the best options to improve the economic and ecologic sustainability of 70 

these highly productive aquaculture systems are discussed. 71 

2. Materials and Methods 72 

All data and information for this study originate from regional African catfish farms, feed producers, energy 73 

providers, seedling producers and water suppliers, greenhouse producers as well as own data from running African 74 

catfish RAS systems and experiments in the FishGlassHouse, University of Rostock. Depending on the location, sup-75 

plier contract, and scaling, the values may differ to a certain degree. The possible price and value ranges are given and 76 

an average calculation basis (CB) was chosen for the initial model. 77 

 78 

2.1. African catfish RAS – Initial model 79 

An average catfish recirculation aquaculture system (RAS) in Mecklenburg-Western Pomerania with a production 80 

volume (PV) of 300 m3 (recirculation volume (390 m3) was modelled (Figure 1). The facility was divided into four 81 

closed loops (Unit 1 - 4), each with 14 rearing tanks of 5 m3 and two fingerling fish tanks of 2.5 m3 each. A simplified 82 

smaller sized system has been described for the FishGlassHouse [6]. Each unit consists of four settling tanks (sedi-83 

menter) and four pump sumps, each with a biofilter installed above. The fish are fed with an automatic feeder. On 84 

average, 2.5% of the tanks are empty due to fish slaughter, restocking or cleaning, resulting in a net production volume 85 

of 292.5 m3. The investment costs are significantly influenced by scaling and location and range from 4,500 - 7,500 86 

€/m3PV. As a calculation basis (CB) 6,000 €/m3PV was chosen, which resulted in total investment cost (TIC) of 87 

1,800,000 €. 88 

The stocking density at slaughter or the average stocking density is a crucial variable and influences the total 89 

production output of any aquaculture farm and thus almost all other variables. For instance, the main input factors 90 

feed, seedlings, labour and water increase while energy consumption remains similar with increasing stocking densi-91 

ties. Average stocking densities of commercial African catfish RAS in northern Germany range between 350 - 550 92 

kg/m3PV stocking density at slaughter. The max stocking density at slaughter of 450 kg/m3PV was chosen as CB, which 93 

corresponds to an average stocking density of 180 kg/m3PV or 300 fish/m3PV. This yields an annual production of 94 

320,288 kg/year. 95 

  96 
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Figure 1. Illustration of the 300 m3 African catfish RAS initial model. The system is divided into four independent loops. 97 

 98 

 99 

2.1.1. Variable Costs 100 

Feed is the main cost driver in intensive aquaculture. Depending on the FCR (Feed Conversion Ratio) and feed 101 

type, feed costs vary. Economies of scale result also in better contract conditions and higher kickbacks. For this re-102 

search, the use of three feeds differing in size and expense from Coppens (Alltech Coppens BV, Leende, Netherlands) 103 

was assumed. It is common to feed the fingerlings 2 weeks with 2 mm feed, then 3 weeks with 3 mm and in the fat-104 

tening phase approx. 17 weeks with 4.5 mm feed [33]. The different feed costs and quantities added together result in 105 

ranges of 0.90 - 1.16 €/kg feed. For this work, an average price of 1.03 €/kg (CB) was chosen. The FCR depends on many 106 

factors such as stocking density, feed (frequency), fish homogeneity and other husbandry conditions such as physi-107 

co-chemical water parameters. Feed manufacturers report an average FCR of 0.85 for the entire growth period [34]. 108 

Dutch catfish farming is reported at 0.80, while studies on intensive production come to a different range with FCRs of 109 

0.83 - 0.90 for adult catfish > 1 kg [26] or 0.94 - 1.07 for staggered production semi-commercial experiments [6]. The CB 110 

for this study was set at an FCR of 0.90, which corresponds to a total feed consumption of 288,259 kg/year and costs of 111 

296,907 €/year. 112 

Energy costs depend on whether the energy is produced in-house or by an affiliate company, or whether it is 113 

purchased publicly. In African Catfish aquaculture of Mecklenburg-Western Pomerania, companies are usually inte-114 

grated into a group of affiliated companies and complement each other in production. It is common for large catfish 115 

farms to have an affiliate's biogas-CHP plant generate electricity and heat that is used by the fish farm. It depends on 116 

the type of desired taxation and accounting by each company, but relatively low purchase prices are standard. A gas 117 

price range of 0.02 - 0.04 €/kWh (CB 0.03 €/kWh) with a consumption range of 8 - 12 kWh/m³PV/d (CB 10 kWh/m³PV/d) 118 

would lead to a gas demand of 1,095 MWh/year and costs of 32,850 €/year. Since the biomass for energy production is 119 

usually produced in affiliate companies, a possible CHP bonus will not be counted towards aquaculture in this work. 120 

An electric energy purchase price ranges between 0.06 - 0.10 €/kWh (CB 0.08 €/kWh) with an electricity consumption 121 

range of 2 - 4 kWh/m³PV/d (CB of 3 kWh/m³PV/d), and results in an annual consumption of 328.5 MWh/year and costs 122 

of 26,280 €/year. Heat and electricity thus result in total energy costs of 59,130 €/year. 123 

The fingerlings (12 g) are purchased from local or Dutch fingerling producers. The price range is 0.07 - 0.33 € per 124 

fish. As CB, 0.20 €/fish was chosen. C. gariepinus grows from 12 g to a slaughter weight of 1.5 kg in 5 months. For each 125 

kg of catfish growth, an average of 0.72 - 0.78 fingerlings is needed, which includes mortality. As CB, 0.75 finger-126 

lings/kg were chosen, which, with an annual production of 320,288 kg/year, leads to a total requirement of 240,216 127 

fingerlings at a price of 48,043 €/year. 128 

The working hours and thus the wages depend on the desired processing stages and the working speed. For the 129 

initial model, the production of 100% whole fish or living fish is assumed, which means employees would mostly sort 130 

fishes and clean. As the jobs do not require special qualifications, a full-time unskilled employee can be hired slightly 131 

above minimum wage with a range of 29,000 - 33,000 €/year (incl. non-wage labour costs). For this farm, a CB of 31,000 132 
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€/year was chosen. One worker can handle approx. 150 - 350 t/year depending on the degree of automation of the RAS. 133 

With a CB of 250 t/year, 1.28 employees/year are required at labour cost of 39,716 €/year. 134 

The costs for fresh, industrial and waste water depend on whether the water is drawn from an own well or comes 135 

from suppliers and whether the waste water is treated on own land or can be further used. The total water costs 136 

therefore range from 0.35 - 2.70 €/m3, including waste water. Since all large catfish farms obtain their water from own 137 

wells and partly also have their own treatment and utilisation possibilities, the CB of 0.90 €/m3 was chosen. The 138 

stocking density is the decisive variable for water consumption. The higher the stocking density, the higher the water 139 

exchange rate must be to ensure sufficient water quality. At a slaughter density of 450 kg/m3 (average stocking density 140 

180 kg/m3), the exchange rate must be 22.5 - 27.5%/day, including the consumption of veterinary facilities and slaugh-141 

tering. With a CB of 25%, 27,375 m3/year are consumed at cost of 24,638 €/year. 142 

Further variable costs such as veterinary drugs, external services or material and production costs were summa-143 

rised as an amount of 15,000 €. The transport costs are included in the sales prices. The total variable costs in the initial 144 

model are 483,433 €/year. 145 

 146 

2.1.2. Fixed Costs 147 

Depreciation is listed as the main cost among the fixed costs. The total investment (1.80 mi. €) is divided into ma-148 

terial and equipment (1,309,091 €) and construction (490,909 €). Material and equipment have, depending on the 149 

equipment, a straight-line depreciation period of 8 - 12 years. The CB was therefore simplified to 10 years, which cor-150 

responds to a depreciation of 130,909 €/year. Construction is more persistent and is depreciated on a straight-line basis 151 

over 20 years, which corresponds to 24,545 €/year and leads to a total depreciation of 155,455 €/year. The system needs 152 

a manager/administrator, who incurs costs of 45,000 €/year. Other fixed costs, such as demand rate net (electric ener-153 

gy), insurance, maintenance, etc., were summarised as costs of 20,745 €/year. Investments are financed with different 154 

proportions of equity, debt and subsidies. For the purpose of this paper, the KPI analysis of one year of operation, a 155 

simplified form of mixed financing with 51% equity and 49% subsidies was assumed, which eliminates interest.. Since 156 

the North German investors are farmers, land ownership was assumed, which also eliminates rent. A possible reded-157 

ication of available production halls, significantly reducing investment costs, was not considered. Total fixed costs of 158 

221.220 €/year occur. 159 

 160 

2.1.3. Revenues 161 

The revenues are determined by the processing stage and the sales price. For the initial model it is assumed that 162 

100% of the fish is sold as whole fish or living fish. Assuming a mixed distribution of 80% - 90% to Wholesale and 10% - 163 

20% to Retail the producer prices for whole/living C. gariepinus in 2021 in northern Germany range between 1.70 - 2.70 164 

€/kg. An average selling price (CB) of 2.20 €/kg can be achieved. The total production of 320,288 kg/year generates 165 

revenues of 704,633 €/year. 166 

 167 

2.2. Entrepreneurial decision scenarios 168 

In the further analyses, the impact of decision scenarios on the profitability of the initial model was investigated. 169 

2.2.1. Scenario 1 - Double production volume 170 

Doubling the production volume from 300 m3 to 600 m3 would result in a doubling of all input quantities (feed, 171 

fingerlings, energy, water), but at the same time quantities can be economised or prices reduced through improved 172 

economies of scale [9]. This primarily concerns the investment cost, which drop to 5000 €/m3PV (3 mil. €). The costs for 173 

feed and fingerlings are reduced by 5% each due to double purchase quantities, energy costs by 10%. The doubled 174 

production volume requires only 85% more labour. Other fixed costs increase by 75%. 175 

 176 

2.2.2. Scenario 2 - Higher stocking density 177 

The increase in max. stocking density from 450 kg/m3 to 550 kg/m3 (Average stocking density 220 kg/m3, 367 178 

fish/m3) results in the FCR decreasing to 0.93 and 0.77 fingerlings/kg growth being required. In addition, due to in-179 

creased filter cleaning and water monitoring, one employee only manages 200 t/year and the water exchange rate 180 

increases to 30%/day. 181 

 182 

2.2.3. Scenario 3 - Fingerling production 183 
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Fingerlings are produced in-house and require a separate room. Because of its complexity, broodstock facility and 184 

maintenance was not separated in this calculation because the broodstock can be also co-cultivated in the main fish 185 

farm.  186 

Option 1: Fingerlings are produced for the company's own use only. In-house fingerling production raises total 187 

investment costs to 7,000 €/m3PV (2.1 mi. €) for the production volume of 300 to and fingerlings due to the need for an 188 

additional protected rearing room with tanks and equipment. Larval and fingerling feed requirements increase feed 189 

costs by 3%, and energy and water costs increase by 10%. Fingerling production requires the hiring of a higher-skilled 190 

employee, which increases labour costs by 75%. Other fixed costs increase by 10%. Saved variable costs are used to 191 

calculate KPIs for fingerlings. 192 

Option 2: The farm produces 300% of its own needs (720,647 fingerlings/year) and resells 200% for 0.20 193 

€/fingerling. The rearing room and special equipment from option 1 are already existing and the rearing tanks, pipes, 194 

and pumps lead to a small increase in investment costs to 7,300 €/m3PV (2.19 mi. €). The initial feed costs increase by 195 

only 7.5% due to better contract conditions, while energy and water costs increase by 15%. The trained employee learns 196 

cheaper labour for the repetitive tasks and the original labour costs increase only by 90%. The other fixed costs increase 197 

by 25%.  198 

 199 

2.2.4. Scenario 4 - Aquaponic integration 200 

For the calculation of an aquaponic integration, two greenhouse models were calculated using KTBL (Kuratorium 201 

für Technik und Bauwesen) online applications [35,36]. The price level from 2013 was increased by a factor of 1.33 202 

using the price index of the Federal Statistical Office for commercial buildings and thus adjusted to the level of the 203 

second quarter of 2021. 204 

Option 1 is a small 1.000 m2 greenhouse for the production of one series of tomatoes on the vine per year that are 205 

distributed to food retail market (decoupled aquaponics s.s. according to Palm et al. 2018 [37]). Tomatoes were chosen 206 

because they achieve high market prices and have been utilized in several different aquaponics systems, though their 207 

suitability for large sized commercial aquaponics production is disputed [19]. A Venlo greenhouse was chosen, with 208 

special glass, gutter culture, drip irrigation and blackout/shading/heat insulation screen on roof and side walls and 209 

costs 509,548 € (509.55 €/m2) without artificial lighting. The variable costs include seeds and seedlings, culture pots and 210 

substrates, plant protection, fertilization and irrigation, packaging, wages, and other costs and amount to 0.99 €/kg 211 

tomato. Due to the 28°C warm water of the fish farm, heating, water and fertilizer costs of the greenhouse reduce the 212 

variable costs by 3.03% to 0.96 €/kg. For tomatoes on the vine, a yield of 53 kg/m2 are to be expected, resulting in 53 213 

t/year and variable costs of 50,880 €/year. Fixed costs (depreciation, repairs, insurance and other costs) amount 65,690 214 

€/year. Tomatoes produced in aquaponics can be marketed alike organic tomatoes and achieve a selling price of 2.50 215 

€/kg. 216 

Option 2 is a 10,000 m2 Venlo greenhouse for basil production with special glass and screens on the roof and side 217 

walls but with ebb and flow cultivation systems and LED assimilation lighting (decoupled aquaponics s.l. according to 218 

Palm et al. 2018 [37]). Despite economies of scale, the greenhouse costs a total of 4,474,565 € (447.46 €/m2) due to 219 

high-quality lighting. The variable costs are highly dependent on the season. The variable production cost of a pot are 220 

0.57 €/pot in winter due to the increased heating and electricity costs and only 0.36 €/pot in summer. The average var-221 

iable cost is 0.429 €/pot and is reduced by 4.66% to 0.409 €/pot due to the yearly warm water supply with the aqua-222 

culture process water. Assimilation lighting enables ten five-week growth cycles, which, with 25 basil pots/m2, results 223 

in an annual production of 2.5 million pots and thus variable costs of 1,021,875 €/year. The fixed costs amount 748,832 224 

€/year. Marketing the product as aquaponic sustainable food, the average sales price of the plants achieves 0.85 €/pot 225 

for mixed sales by wholesale and retail. If at least 95% of the 2.5 million pots are marketable products, 2,375,000 basil 226 

pots/year will be sold. 227 

For aquaponic integration, transition tanks and piping from fish farm to plant farm must be installed, which in-228 

creases the investment costs of the fish farm to 6,300 €/m3PV (1.89 mi. €). In addition, management and administrative 229 

costs can be saved by overlapping administrative tasks. For this model, savings were attributed to aquaculture, and 230 

20% lower management costs are calculated. The main benefits of aquaponic integration are the improved marketing 231 

opportunities of fish and plant, which in aquaculture leads to an increase in the fish selling price of 5% (2.31 €/kg). 232 

 233 

2.2.5. Scenario 5 – Higher value-added level 234 

Scenario 5 analyses the impact of a higher value-added level through higher processing stages and direct mar-235 

keting. Labour costs for simple, repetitive tasks such as filleting, smoking and selling remain at a CB of 31,000 €/year. 236 
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For the whole process of filet production, from emptying a tank to slaughtering, filleting, packing and freezing, there is 237 

a wide range given from 15 - 35 kg fillet/hour/worker (CB 25 kg/hour). From higher finishing levels such as smoked 238 

fillet, 7.5 - 12.5 kg/hour/worker (CB 10 kg/hour) can be produced. The average fillet price ranges between 5 - 8 €/kg (CB 239 

6,50 €/kg), the average smoked fillet price varies between 10 - 15 €/kg (CB 12,50 €/kg). The African catfish has a fillet 240 

yield of 41%. The trimmings (59%) produced at slaughter can be sold for 40 - 60 €/t (CB 50 €/t). Transport, packaging 241 

and smoking requirements are included in the selling prices. Three different marketing and price variants were mod-242 

elled and analysed. 243 

In option 1, 20% of the total output is sold as whole fish and 80% is filleted. Due to the integration of a slaughter 244 

room including a cooling plant, the investment costs increase by 10% to 6,600 €/m3PV (1.98 mil. €). The cooling system 245 

and the additional consumption of drinking water lead to an increase in electricity and water costs of 10%. Labour costs 246 

increase by 77,540 €/year due to additional 2.5 workers/year. The yearly production amounts 64,058 kg of whole fish, 247 

105,054 kg of fillets and 151 tons of trimmings. 248 

In option 2, 20% of the production is sold as whole fish, 50% is filleted and 30% as smoked fillet. Investment costs 249 

increase by 15% to 6,900 €/m3PV (2.07 mil. €) due to slaughtering, cooling and smoking plant. Filleting and smoking 250 

lead to an additional need of 3.91 workers/year and therefore additional costs of 112,156 €/year. Water costs increase by 251 

10% and electricity costs by 15%. 64,058 kg of whole fish, 65,659 kg of fillets, 39,395 kg of smoked fillets and 151 tons of 252 

trimmings are produced annually. 253 

Option 3 extends option 2 by a farm store for direct sales to final customers. The investment costs increase by an-254 

other 20% to 8,280 €/m3PV (2.48 mil. €) due to the construction of a farm store including fish counter and refrigeration. 255 

In the farm store, 1.50 salesmen/year are hired for 54,250 €/year. Gas, electricity and water costs increase by a further 256 

10%. Management and administration costs increase by 50% due to increased administrative demands. Of the pro-257 

duction, 75% is sold to wholesalers and retailers and 25% is sold directly in the farm store. In the farm store, a 75% 258 

mark-up generates sales prices of 3.85 €/kg (whole fish), 11.38 €/kg (fillet) and 21.88 €/kg (smoked fillet). 259 

 260 

2.3. Calculations 261 

The calculations were performed using Microsoft Excel® [38], with all different costs in a single output sheet. This 262 

software was chosen because, besides its simplicity, it has been used effectively for economic calculations [39]. The 263 

enterprise budget was designed to provide economic assistance to existing plant operators and companies interested in 264 

building a catfish RAS. Existing plant operators can transfer their present values and, by adjusting individual variables, 265 

evaluate which parameters need to be changed in order to maximize returns. People interested in building a RAS can 266 

find out whether the construction of a plant can be profitable under given location factors. To calculate the different 267 

entrepreneurial decision scenarios, the new values were calculated in a separate sheet and the resulting values were 268 

transferred into a separate output file. For the respective entrepreneurial decision scenarios the formulas were adapted 269 

in each case in separate sheets. For all scenarios, the respective business figures were transferred to a separate file and 270 

used to create the related tables.  271 

For the calculation of the return on investment (ROI) of the aquaculture units, the operating result was divided by 272 

the capital employed (net investment minus 49% subsidies), as Mecklenburg-Western Pomerania and the European 273 

Fisheries Fund (EFF) and the European Maritime and Fisheries Fund (EMFF) supported the investors with subsidies 274 

amounting to 49% of the net expenses [20] (see above). The EMFF is replaced by the European Maritime Fisheries and 275 

Aquaculture Fund (EMFAF) in 2021, which subsidises sustainable aquaculture investments up to 50% until 2027 [40]. 276 

The greenhouses of the Aquaponic extension are subsidised by 20% through the agricultural investment promotion 277 

program of Mecklenburg-Western Pomerania (AFP: Agrarinvestitionsförderungsprogramm) [41]. 278 

3. Results 279 

3.1. Initial model 280 

In the initial model (Table 1), the catfish farm does not generate profits, but the output based on realistic current 281 

market prices is sufficient to cover all costs. Additional benefits such as the CHP bonus, EEG reallocation charge and 282 

integration benefits into the own farming practices have not been evaluated and do not account for the aquaculture 283 

activity. The main cost driver of variable costs in the initial model is feed with a proportion of 61.42% of variable costs 284 

and 42.14% of total costs. At great distance follow the costs of energy (12.23%; 8.39%), followed by fingerlings (9.94%; 285 

6.82%), wages (8.22%; 5.64%) and water (5.10%; 3.50%). Depreciation accounts for 22.06% of total costs. 286 
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Table 1. Yearly revenues and costs of the initial model of an African catfish farm with 300 m3 production volume with a max 287 

stocking density of 450 kg/m3 (average 180 kg/m3) and an output of 320,288 kg/year. 288 

  Units Price or Cost 

per Unit (€) 

Quantity Value or Cost (€) 

Revenues      

 Whole Fish kg 2.20 320,288 704,633 

Variable Costs (VC)      

 Fish Feed kg 1.03 288,259 296,907 

 Energy    59,1301 

  -Gas kWh 0.03 1,095,000 (32,850) 

  -Electricity kWh 0.08 328,500 (26,280) 

 Fingerlings each 0.20 240,216 48,043 

 Wages unit 31,000 1.2812 39,716 

 Water m3 0.90 27,375 24,638 

 Others unit 15,000 1 15,000 

Total VC     483,433 

Contribution Margin     221,200 

Fixed Costs (FC)      

 Depreciation unit 155,455 1 155,455 

 Managing unit 45,000 1 45,000 
 Others1 unit 20,745 1 20,745 

Total FC     221,200 

Total Costs (TC)     704,633 

Returns     0 
1 Energy is the sum of Gas and Electricity. 289 

 290 

3.2. Change in costs and prices 291 

Table 2. Change of key performance indicators for each ten percent change (± 10%) in variable costs, investment costs and sales 292 

price. Returns (€/year), ROI (%) and Profit/Unit (€/kg) are total numbers. Percentage change of contribution margin (CM), variable 293 

costs (VC) and total costs (TC) shows the proportional change from the value of the initial model (€/year and €/unit). 294 

 1 ROI = Return on Investment is calculated as profit/(investment-subsidy). Fisheries investments in Mecklenburg-Western Pomer-295 

ania are subsidized at 49%. 296 

 Unit Change of Price 

or Cost/Unit 

(€) 

Returns per 

year 

(€/year) 

ROI1 

Total 

(%) 

Profit per 

kg fish 

(€/kg) 

Percentage 

change of 

CM (%) 

Percentage 

change of 

VC (%) 

Percentage 

change of 

TC (%) 

Feed kg ± 0.103 ± 29,691 ± 3.23 ± 0.093 ± 13.42 ± 6.14 ± 4.21 

Energy (Total)   ± 5,913 ± 0.64 ± 0.018 ± 2.67 ± 1.22 ± 0.84 

 -Gas kWh ± 0.003 ± 3,285 ± 0.36 ± 0.010 ± 1.49 ± 0.68 ± 0.47 

 -Electricity kWh ± 0.008 ± 2,628 ± 0.29 ± 0.008 ± 1.19 ± 0.54 ± 0.37 

Fingerlings ea. ± 0.020 ± 4,804 ± 0.52 ± 0.015 ± 2.17 ± 0.99 ± 0.68 

Wages unit ± 3,100 ± 3,972 ± 0.43 ± 0.012 ± 1.80 ± 0.82 ± 0.56 

Water m3 ± 0.090 ± 2,464 ± 0.27 ± 0.008 ± 1.11 ± 0.51 ± 0.35 

Invest. costs m3PV ± 600 ± 15,546 ± 1.88 ± 0.049 ± 0.00 ± 0.00 ± 2.21 

Sales price kg ± 0.220 ± 70,463 ± 7.68 ± 0.220 ± 31.86 ± 0.00 ± 0.00 
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Among the main variable input factors, a change in feed has the highest impact on the key performance indicators (KPI) (Table 2 & 3). Each ten percent change 297 

of ± 0.103 €/kg feed changes the returns by ± 29.691 €/year, the ROI by ± 3.23% and the profit per kg of output produced by ± 0.093 €/kg. The percentage deviations 298 

of the KPI from the initial model are ± 13.42% for the contribution margin (initial model: 221,200 €/year; 0.691 €/kg; new value: €/year; 0.783 €/kg), ± 6.14% for var-299 

iable costs (483,433 €/year; 1.509 €/kg), and ± 4.21% for total costs (704,633 €/year; 2.200 €/kg). The second largest impact  among the variable input factors on the 300 

changes in KPI (Table 2) is a change in energy costs. However, relative to feed, the influence of an equal percentage change in energy prices is 80% less, or the 301 

influence of energy is 20% of the influence of feed. In third place are fingerlings, which have an 84% lower influence on the KPI changes in relation to feed, followed 302 

by wages with an 87% lower influence. In last place among the variable main input factors is water with a 92% lower influence, or with only 8% of the influence of 303 

feed. The fixed costs are mainly determined by the depreciation, i.e. by the investment costs (€/m3PV). Each ten percent change (± 600 €/m3PV) changes the in-304 

vestment costs of the initial model by ± 180,000 € and thus the depreciation and at the same time the returns by ± 15,546 €/year. ROI changes by ± 1.88%, profit by ± 305 

0.049 €/kg and total costs by ± 2.21%. Compared with feed, the impact on the changes in table 2 is thus 48% lower for each equal-percentage change in investment 306 

costs. In the case of ROI, the impact is only 42% lower due to the exclusion of subsidies. Contribution margin and variable costs remain unaffected by changes in 307 

fixed costs. The biggest impact on the profitability is a change in the selling price. Each ten percent change (± 0.220 €/kg) causes a change in revenue of ± 70,463 308 

€/year, ROI of ± 7.68%, profit/output of ± 0.220 €/kg and contribution margin of ± 31.86%. Thus, the impact of the selling price on the changes in the KPI is 137% 309 

higher than that of feed. Water compared to selling price has a nearly 97% lower impact for each equal percent change. Total and variable costs remain unchanged. 310 

 311 

Table 3. Impact of a ten percent reduction (-10%) in respectively one of the variable costs or investment costs or a ten percent increase (+10%) in the sales price on the key 312 

performance indicators (KPIs). The initial model is the calculation basis (CB) with an annual profit of 0 €. 313 

1 ROI = Return on Investment is calculated as profit/(investment-subsidy). Fisheries investments in Mecklenburg-Western Pomerania are subsidized at 49%. 2 CM = Contribution 314 

Margin 315 

 Unit New Price 

or 

Cost/Unit 

(€) 

Ivestment 

Cost 

 

(mil. €) 

CM per 

year 

 

(€/year) 

Variable 

Cost per 

Year 

(€/year) 

Fixed 

Cost per 

Year 

(€/year) 

Revenues 

per year 

 

(€/year) 

Returns 

per year 

 

(€/year) 

ROI1 

 

 

(%) 

CM per 

kg fish  

 

(€/kg) 

Variable 

Cost per 

kg fish 

(€/kg) 

Total 

Cost per 

 kg fish 

(€/kg) 

Profit per 

kg fish 

 

(€/kg) 

Initial Model   1.80 221,200 483,433 221,200 704,633 0 0.00 0.691 1.509 2.200 0.000 

Feed kg 0.927 1.80 250,890 453,742 221,200 704,633 29,691 3.23 0.783 1.417 2.107 0.093 

Energy (Total)   1.80 227,113 477,520 221,200 704,633 5,913 0.64 0.709 1.491 2.182 0.018 

 -Gas kWh 0.027 1.80 224,485 480,148 221,200 704,633 3,285 0.36 0.701 1.499 2.190 0.010 

 -Electricity kWh 0.072 1.80 223,828 480,805 221,200 704,633 2,628 0.29 0.699 1.501 2.192 0.008 

Fingerlings each 0.180 1.80 226,004 478,628 221,200 704,633 4,804 0.52 0.706 1.494 2.185 0.015 

Wages unit 27,900 1.80 225,171 479,461 221,200 704,633 3,972 0.43 0.703 1.497 2.188 0.012 

Water m3 0.810 1.80 223,663 480,969 221,200 704,633 2,464 0.27 0.698 1.502 2.192 0.008 

Invest. costs m3PV 5,400 1.62 221,200 483,433 205,654 704,633 15,546 1.88 0.691 1.509 2.151 0.049 

Sales price kg 2.420 1.80 291,636 483,433 221,200 775,096 70,463 7.68 0.911 1.509 2.200 0.220 
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3.2. Entrepreneural decision scenarios 316 

3.2.1 Double Production Volume 317 

By doubling production from 300 m3 to 600 m3 production volume, the variable cost per unit (VCU) of the initial 318 

model is reduced by 7.6% from 1.509 €/kg to 1.395 €/kg and the total costs per unit (CPU) is reduced by 12.4% from 319 

2.200 €/kg to 1.926 €/kg (Table 4). With double the output, the savings generate a profit of 175,240 €/year (0.274 €/kg 320 

fish) with an ROI of 11.45% (Table 5). A ten percent increase in the retail price of whole fish in this scenario results in an 321 

increase in returns and ROI of 80.4% (316,167 €/year; 20.66%). 322 

 323 

Table 4. Sales price, contribution margin per unit (CMU), variable costs per unit (VCU), total costs per unit (CPU) and profit per 324 

unit (PPU) of the respective products in the different scenarios. 325 

 326 

Scenario Units Sales Price 

(€/unit) 

CMU 

(€/unit) 

VCU 

(€/unit) 

CPU 

(€/unit) 

PPU 

(€/unit) 

Initial Model       

300 m2; 450 kg/m3PV kg whole fish 2.200 0.691 1.509 2.200 0.00 

Double Production Volume       

Opt. 1 (600 m3PV) kg whole fish 2.200 0.805 1.395 1.926 0.274 

Higher Stocking Density       

Opt. 1 (max. 550 kg/m3) kg whole fish 2.200 0.668 1.532 2.097 0.103 

Fingerling Production       

Opt. 1 (Own Requirements) each fingerling 0.200 0.004 0.196 0.312 -0.112 

Opt. 2 (300% Fingerling Prod.) each fingerling 0.200 0.112 0.088 0.142 0.058 

Aquaponic Integration       

Aquaculture kg whole fish 2.310 0.801 1.509 2.196 0.114 

Opt. 1 (Tomato Prod.) kg tomato 2.500 1.540 0.960 2.199 0.301 

Opt. 2 (Basil Prod.) each pot basil 0.850 0.399 0.430 0.746 0.104 

Higher Value-Added Level       

Opt. 1 (Filet Prod.) kg filet 6.500 2.042 4.458 6.189 0.311 

Opt. 2 (Smoked Filet Prod.) kg smoked filet 12.500 6.925 5.575 7.365 5.135 

Opt. 3 (Direct Sales) kg whole fish 3.850 2.147 1.703 2.648 1.202 

 kg filet 11.375 6.484 4.891 7.125 4.250 

 kg smoked filet 21.875 15.877 5.998 8.232 13.643 

 327 

 328 

Table 5. The impact of the different scenarios on the total investment cost (TIC), and yearly variable cost (VC), fixed cost (FC), 329 

revenues, returns and return on investment (ROI). In addition, the impact of a ten percent change (+10%) in the sales price of the 330 

respective production unit on the key performance indicators in the respective scenarios is calculated. In case of price variations, 331 

TIC, VC and FC remain unchanged. 332 

 333 

Szenario TIC 

(€) 

VC 

(€/year) 

FC 

(€/year) 

Revenues 

(€/year) 

Returns 

(€/year) 

ROI1 

(%) 

Initial Model       

300 m2; 450 kg/m3PV 1,800,000 483,432 221,199 704,632 0.00 0.00% 

Double Production Volume       

Opt. 1 (600 m3 PV) 3,000,000 893,630 340,395 1,409,265 175,240 11.45% 

+10% Fish Price    1,550,192 316,167 20.66% 

Higher Stocking Density       

Opt. 1 (max. 550 kg/m3PV) 1,800,000 599,639 221,200 861,218 40,379 4.40% 

+10% Fish Price    947,339 126,501 13.78% 

Fingerling Production       

Opt. 1 (Own Production) 2,100,000 482,460 249,183 704,633 -27,011 -2.52% 

Opt. 2 (300 % Fingerling Prod.) 2,190,000 505,967 260,068 800,719 34,684 3.11% 
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+10% Fingerling Price    810,327 44,293 3,97% 

Aquaponic Integration       

Aquaculture 1,890,000 483,433 219,972 739,864 36,459 3.78% 

Opt. 1 (1,000 m2 Tomatoes) 509,548 51,675 64,895 132,500 15,930 3.91% 

Total Aquaponic 2,399,548 535,108 284,867 872,364 52,389 3.82% 

+10% Tomato Price    145,750 29,180 7.16% 

Total Aquaponic    885,614 65,639 4.79% 

Opt. 2 (10,000 m2 Basil) 4,474,565 1,046,875 723,832 2,018,750 248,043 6.93% 

Total Aquaponic 6,364,565 1,530,308 943,804 2,758,614 284,502 6.26% 

+10% Basil Price    2,220,625 449,918 12.57% 

Total Aquaponic    2,960,489 486,377 10.70% 

Higher Value-Added Level       

Opt. 1 (80% Filet) 1,980,000 566,065 236,745 831,338 28,529 2.83% 

+10% Filet Price    899,624 96,814 9.59% 

Opt. 2 (30% Smoked Filet, 80% Filet) 2,070,000 610,995 244,518 1,067,710 212,198 20.10% 

+10% Smoked Filet Price    1,116,955 261,442 24.76% 

Opt. 3 (Direct Sales) 2,480,000 666,512 302,772 1,266,489 297,204 23.46% 

+10% Direct Sales Price    1,312,870 343,586 27.12% 
1 ROI = Return on Investment is calculated as profit/(investment-subsidy). Fisheries investments in Mecklenburg-Western Pomera-334 

nia are subsidized at 49% and agricultural investments (aquaponic integration option 1 and 2) at 20%. 335 

 336 

3.2.2 Higher Stocking densities 337 

The increase in max. stocking density from 450 kg/m3 to 550 kg/m3 (average stocking density 220 kg/m3) slightly 338 

increases VCU by 1.5% to 1.532 €/kg and CPU is reduced by 4.7% (Table 4). The 22% increase in output (391,463 339 

kg/year) generates returns of 40,379 €/year (0.10 €/kg) with an ROI of 4.40% (Table 5). In this scenario, a ten percent 340 

increase in the selling price leads to a 213.3% increase in returns and ROI (126,167 €/year; 13.78%). 341 

 342 

3.2.3 Fingerling production 343 

With fingerling production, in the case of exclusive self-supply (Opt. 1) of the farm (240,216 fingerlings/year), a 344 

fingerling has VCU of 0.196 €/each, CPU of 0.312 €/each and a PPU of -0.112 €/each (Table 4). Considered as a single 345 

investment, the fingerling production has an ROI of -17.65%. Despite the elimination of fingerlings costs, the exces-346 

sively high production costs results in negative returns of -27,011 €/year (-0.08 €/kg) with an ROI of -2.33% (Table 5). In 347 

option 2, the farm produces 300% of its own needs (720,647 fingerlings/year) and resells 200%. VCU are reduced by 348 

55.3% to 0.088 €/each, CPU decrease by 54.7% to 0.142 €/each due to economies of scale (Table 4). Thus, at a selling price 349 

of 0.200 €/each, a saving, or PPU of 0.058 €/each can be achieved. Considered as a single investment, the hatchery has 350 

an ROI of 21.18%. This results in returns of 34,684 €/year and an ROI of 3.11% (Table 5). A ten percent increase in fin-351 

gerling prices increases returns and ROI by 27.7% (44,293 €/year; 3,97%). 352 

 353 

3.2.3 Aquaponic Integration 354 

Due to the aquaponic integration, the VCU in the fish farm remain unchanged, the CPU decrease minimally by 355 

0.2% (Table 4). Due to the increased sales price of the aquaponically distributed fish, fish farm returns increase to 36,459 356 

€/year (0.114 €/kg) and ROI increases to 3.78% (Table 5). In option 1, the tomato greenhouse generates returns of 15,930 357 

€/year (0.301 €/kg tomato) and an ROI of 3.91%. Fish and plant farming considered as a single aquaponics enterprise 358 

generate returns of 52,389 €/year and an ROI of 3.82%. A 10% increase in tomato prices increases returns and ROI of the 359 

greenhouse by 83.2% (29,180 €/year; 7.16%) and of the aquaponic enterprise by 25.3% (65,639 €/year; 4.79%). In option 360 

2, the large 10,000 m2 basil greenhouse generates returns of 248,043 €/year (0.10 €/pot) and an ROI of 10.87%. Together 361 

with fish farming, this results in returns of 284,502 €/year and an ROI of 8.76%. A ten percent increase in basil prices 362 

increases returns and ROI of the greenhouse by 81.4% (449,918 €/year; 12.57%) and of the aquaponic farm by 71.0% 363 

(486,377 €/year; 10.70%). 364 

 365 

3.2.4 Higher value-added level 366 
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In option 1, 80% of the production is filleted and 20% is sold as whole fish. The 20% whole fish (64,058 kg/year) 367 

returns 140,927 €/year. With a fillet yield of 41%, 105,054 kg/year of fillet are produced and generate 682,853 €/year. In 368 

addition, the trimmings (151 tons) contribute 7,559 €/year, if sold outside. Possible internal use on the farms has not 369 

been considered. The total revenue of 831,338 €/year results in returns of 28.529 €/year and an ROI of 2.83% (Table 5). A 370 

ten percent increase in fillet price increases the two KPIs by 239.4% (96,814 €/year; 9.59%). Labour costs in this scenario 371 

increase by 195.2% to 127,027 €/year, with a total costs share (TC) of 15.82% (22.44% VC). 372 

In option 2 (20% whole fish, 50% fillet, 30% smoked fillet), the 20% whole fish and the 151 tons of trimmings con-373 

tinue to generate 140,927 €/year and 7,559 €/year, respectively. The 50% fillets (65,659 kg/year) generate 426,783 €/year 374 

and the 30% smoked fillets (39,395 kg/year) 492,442 €/year. The total revenue of 1,069,710 €/year leads to returns of 375 

212,198 €/year with an ROI of 20.10%. If the smoked fillet price increases by 10%, both KPIs increase by 23.2% (261,442 376 

€/year; 24.76%). In this scenario, labour cost increase by 423.6% compared to the initial model to 168,220 €/year with a 377 

significantly higher TC share of 19.66% (27.53% VC). 378 

Option 3 extends option 2 with direct marketing to end consumers (25% of production). The marketing of 75% of 379 

the production to wholesalers and retailers generates revenues of 802,673 €/year. The 25% direct marketing, with sell-380 

ing prices of 3.85 €/kg (whole fish), 11.38 €/kg (fillet) and 21.88 €/kg (smoked fillet), generate 463,816 €/year, almost 37% 381 

of the 1,266,489 €/year total revenue. In total, returns of 297,204 €/year and an ROI of 23.46% are realized. A ten percent 382 

increase in prices in the direct marketing makes the two key figures rise by 15.6% (343,586 €/year; 27.12%). Labour costs 383 

increase by 440.6% to 214,720 €/year, ranking clearly behind feed and before energy costs with a TC share of 22.15% 384 

(32.22% VC). 385 

4. Discussion 386 

The present study calculates the cost structure of African catfish RAS in northern Germany based on a model farm 387 

and current market conditions. The northern German catfish aquaculture is a very young industry, which was indi-388 

rectly initiated by the European Commission through the EFF 2007 - 2013 and EMFF 2014 - 2021. Subsidized fishery 389 

investments at 49% motivated farmers to enter this new sector. Along with the additional benefits of an internal use of 390 

the electricity and heat from own biogas plants, the integration into regular farming practices, the ecological sustaina-391 

bility of production and the CHP bonus and EEG reallocation charge, an investment in heat-utilizing catfish RAS is 392 

particularly attractive. However, under the current economic market conditions for a less established fish species and 393 

due to management and fish disease-related production stoppages/shortages, the northern German catfish farms have 394 

not yet managed to achieve the promised long-term operating results. In the following, the effects of price variations 395 

and different entrepreneurial decision scenarios on key performance indicators of German catfish farms are listed and 396 

discussed.  397 

4.1. Initial model with price variation 398 

An average African catfish RAS (recirculating aquaculture system) with a production volume of 300 m3 and an 399 

output of 320 t/year can cover all costs, but has difficulties to reach profitably (Table 1) without consideration of addi-400 

tional benefits (see above). The most important economic variable in African catfish RAS is the low selling price, caused 401 

by a less established market environment for this relatively unknown species. If the average selling price (2.20 €/kg) 402 

changes by 10%, the returns change by ± 70,463 €/year (Table 2). The average selling price and the total production 403 

costs of 2.20 €/kg as well as the variable costs of 1,51 €/kg can be considered as critical prices. For catfish (Ictalurus 404 

furcatus × Ictalurus punctatus) split-pond aquaculture in Arkansas and Mississippi, critical price thresholds are lower 405 

with a range of 1.72 - 2.05 $/kg [42] due to cheaper production in pond aquaculture and not RAS. Production costs in 406 

areas where African catfish are most economically cultivated vary from < 1 $/kg to 2.5 $/kg [11]. The selling prices of 407 

living African catfish in sub-Saharan Africa ($2.5 - $5.0/kg), alternatively Central Africa ($3.3 - $5.2/kg) or Nigeria 408 

($3.5/kg) [11], demonstrate clearly that 2.20 €/kg in Germany is very low for regionally produced high valuable animal 409 

proteins [14] and African catfish still has a lot of marketing potential. 410 

In northern Germany, most of the production is sold as whole fish to wholesalers, where by far the lowest returns 411 

are achieved compared to retail and direct marketing. The difficulty of selling larger quantities to retailers is that cat-412 

fish farms are located in the most sparsely populated, agriculturally dominated regions of northern Germany, with a 413 

low incidence of retail trade. This makes it more difficult to distribute larger quantities on better price conditions. 414 

Nevertheless, the focus of the plant operators should be to build upon more retail contract partners. Slightly higher 415 

selling prices already cover the increased transportation costs and labour hours. When selling to retailers, it is im-416 

portant to ensure that the contractually agreed purchase quantities are adhered, otherwise there is a risk of contractual 417 
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penalties. A general prognosis regarding African catfish prices is difficult to make. However, there are studies that 418 

predict a decrease in animal protein consumption and an increase especially in fish and seafood substitutes in Europe 419 

[43]. Annual per capita consumption of fish and fishery products in Germany also decreased by 19% from 2011 (15.7 420 

kg) to 2019 (13.2 kg) [44]. After a slight increase in 2020, further decrease in consumption is predicted by 2022 [45]. 421 

From 2021 to 2026, the industry's revenue is expected to increase by 1.2%/year and the average price of fish and fishery 422 

products is expected to increase by 11.3% over the entire period [45]. These values indicate the trend direction of the 423 

German fish industry but a full extrapolation to the northern German catfish market cannot be made. 424 

Fish feed accounts for 42.14% of the TC (total costs) and 61.42% of VC (variable costs), which is similar to catfish 425 

split-pond aquaculture in Arkansas and Mississippi, where feed accounts for 47 - 56% TC (54 - 61% VC) [42]. The re-426 

turns change by ± 29,691 €/year for each ten percent change in purchase prices (Table 2). In Nigerian pond culture, feed 427 

costs average 64% of TC [46], while in Thai and Vietnamese Pangasius pond culture feed costs reach 81% and 86% of 428 

TC [47], respectively, making them even more sensitive to price changes. This difference is caused by a different degree 429 

of investment costs, which is higher in RAS operations compared with pond aquaculture. Catfish feed has a protein 430 

content of at least 40% with the majority coming from fish meal. While the demand for fish meal increased, its pro-431 

duction decreased by 26.5% from 2000 - 2018 due to climatic events, resulting in a price increase during the same pe-432 

riod from 452 $/t to 1,597 $/t [48]. Occasionally, C. gariepinus growers had to close their operations as high production 433 

costs exceeded the selling prices due to high feed costs [11]. In order to compensate for the resulting increase in the 434 

price of fish feed, catfish farmers must be in a position to pass on the price increases to their customers or to secure 435 

long-term price commitments from suppliers by contract. In addition, researchers and farm operators need to continue 436 

research on plant-based fish meal substitutes that are accepted by catfish and achieve better growth performance. The 437 

declining fish-in/fish-out ratio from 0.63 in 2000 via 0.33 (2010) through to 0.22 (2015) shows the resilience of the sector 438 

for fish meal replacement [48]. It was also demonstrated that a feed additive of 0.5% 1g557 to regular African catfish 439 

feed already resulted in a 2% (0.8 - 3.2%) better growth performance of juveniles, raising the profit by 4,367 €/year 440 

including extra costs [49]. This suggests high potentials for the further development of more adequate African catfish 441 

feed in future. 442 

The investment costs per m3 of production volume are largely determined by the farm size, structural conditions 443 

and degree of mechanisation and influence the annual operating result through depreciation. With a share of 22.06% of 444 

TC, each ten percent variation changes the returns by ± 15,546 €/year. The catfish split-ponds in North America have 445 

very low depreciation shares of 3 - 6% of TC due to lower investment costs, but also have considerably more inefficient 446 

production at FCRs of 1.8 - 2.6 [42] compared with the northern German RAS averaging FCRs of 0.9. Energy costs are 447 

far behind feed costs, accounting for 8.39% of TC (12.23% VC). Every ten percent change in gas and electricity prices 448 

changes the returns by ± 5,913 €/year (Table 2). Since the farmers in northern Germany produce electricity and waste 449 

heat through their own biogas plants, future increases in energy costs are not considered critical. In general, the prin-450 

ciple of on-site supply with renewable energies is not only more sustainable, but also more cost-efficient than fos-451 

sil-based fuels and thus of potential use to RAS [50]. Fingerlings account for 6.82% of TC (9.94% VC) and result in a 452 

change in returns of ± 4,804 €/year for each ten percent price change. In Cameroon (0.15 - 0.25 $/each) or Nigeria (0.1 - 453 

0.2 $/each), prices are also high due to high demand, causing many farmers to prefer collecting wild seed with poor 454 

growth performance [11]. In terms of cost, this variable is considered less critical for German farmers, but nevertheless 455 

a part of the production is still dependent on fingerlings from the Netherlands. In the case of supply shortages of Dutch 456 

producers, it can be assumed that Dutch bulk buyers will be preferred over the northern German catfish farms, which 457 

could lead to production bottlenecks. This could in turn jeopardize the supply of customers in the lucrative retail trade 458 

due to contractual quantities that cannot be met. In order to be less dependent on foreign suppliers, a stable regional 459 

catfish hatchery producing high quality fingerlings must be established in the medium term.  460 

Wages represent 5.64% of TC (8.22% VC) for a highly mechanised plant without hand slaughtering. Each ten 461 

percent price variation changes the returns by ± 3,972 €/year. In the case of internal hand slaughtering and filleting or a 462 

lower level of automation, labor costs increase and they should be considered in more detail. Since mainly unskilled 463 

labor is hired for repetitive tasks, payments at or slightly above statutory minimum wage are common. In this context, 464 

it should be noted that Germany is planning a successive increase in minimum wages in the coming years, especially 465 

with the new government elected in 2021 [51,52]. Above a certain labor wage, it may be reasonable to dispense with 466 

hand slaughtering and outsource this activity or to invest into a filleting machine. Water costs amount to 3.50% of TC 467 

(5.10% VC) and change returns by ± 2,464 €/year for each ten percent change. Since all northern German catfish RAS 468 

already have their own wells for industrial water production, further costs can be saved by reducing the price of 469 

drinking water and wastewater. The price of drinking water can hardly be influenced and depends on regional condi-470 
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tions and internal consumption in sanitary facilities and slaughtering. Wastewater costs, on the other hand, can be 471 

reduced by irrigation on own fields or by further use in hydroponic cultivations (aquaponics). 472 

The list demonstrates that the main focus for African catfish farmers in northern Germany must be on improving 473 

sales prices and reducing feed costs in order to run the RAS profitably. The ROI shows that despite the deduction of 474 

subsidies only in the scenario of a price increase the ROI already reaches an attractive value (7.86%). Although there are 475 

economically more interesting investment objects, from the sustainability perspective and in the light of the current 476 

climatic development, regional food production in Europe is to be evaluated as an indispensable future supply model. 477 

For this reason, the EMFF, which expired in 2020, was replaced in 2021 by the EMFAF (European Maritime, Fisheries 478 

and Aquaculture Fund) [40], which runs until 2027. This will continue to support aquaculture projects at 50%, allowing 479 

investments to remain attractive under the right conditions. In addition, it aims to support and form ”producer or-480 

ganisations“. A producer organisation in northern Germany for the joint creation of synergies and utilisation of re-481 

sources is assessed as imperative. Thus, joint bulk purchase deals for feed could be closed in order to significantly 482 

reduce costs and also to develop an own feed production in the long term. Furthermore, a regional fingerling hatchery 483 

could be created in order to produce the entire regional demand cost-efficiently and to achieve independence from 484 

Dutch suppliers. In addition, know-how could be exchanged and human resources shared, or investments could be 485 

made in jointly used machinery and equipment such as a filleting machine. Also, larger contracts with retail chains 486 

could be concluded jointly, as it would be easier to meet contractually agreed purchase quantities at agreed times. This 487 

would result in a significant price increase. Moreover, investments could be made in marketing campaigns that in-488 

crease the image and popularity of the African catfish, thus increasing its demand and sales price. For the establish-489 

ment, the competitive thinking of the individual actors and personal interests must be overcome, and action plans 490 

must be drawn up together with research institutions. 491 

4.2. Entrepreneurial decision scenarios 492 

Entrepreneurial decision scenarios on the economics of catfish aquaculture are analysed in order to envision fu-493 

ture potential for this industry. A RAS twice as large (600 m3PV) as in the initial model (300 m3PV) is modelled, which 494 

saves costs through economies of scale. In a large plant, the fish can be produced at lower CPU 1.926 €/kg and VCU 495 

1.395 €/kg which enhance the PPU to 0.274 €/kg (Table 4). Returns of 175,240 €/year and an ROI of 11.45% are achieved 496 

(Table 5). With a 10% increase in the catfish price to 2.42 €/kg, returns and ROI increase by 80.4% (316.167 €/year; 497 

20.66%) and would transform a catfish RAS into an attractive investment. A model study of the profitability of U.S. 498 

pond, raceway, and RAS aquaculture showed that RAS systems were not profitable at any size or with any species, but 499 

larger systems showed fewer losses (in $/kg) than smaller systems [23]. The study found economies of scale for all 500 

species/systems/sizes studied, which is consistent with observed trends of generally increasing farm size in aquacul-501 

ture. The present results show that new investments into larger sized RAS are highly recommended in order to further 502 

develop the northern German catfish aquaculture into a profitable business sector. It is advisable to divide larger farms 503 

into two or more hygienically separated halls in order to avoid the loss of the entire stock in the event of a disease 504 

outbreak. 505 

The scenario of increasing the maximum stocking densities from 450 kg/m3 to 550 kg/m3 increases the VCU 506 

slightly (1.532 €/kg) but decreases the CPU (1.926 €/kg) due to a better utilisation of the production capacities, thus 507 

achieving a PPU of 0.103 €/kg (Table 4). This results in returns of 40,379 €/year and an ROI of 4.40% (Table 5). Although 508 

high stocking densities result in improved profitability, the likelihood of filter and pipe clogging and critical water 509 

levels being exceeded is increased. In addition, not all available feeds are suitable for RAS aquaculture and increase 510 

nutrient and total suspended matter loads and malfunctioning of biofilters. Therefore, more frequent water monitoring 511 

and filter cleaning must be carried out. High stocking densities also promote heterogeneous fish growth, resulting in 512 

uneven fillet sizes when slaughtered by hand and high discard rates when slaughtered by machine [53]. Mortality rates 513 

and also the FCR of African catfish in commercial RAS can slightly increase with increasing stocking density from 514 

extensive (FCR 0.96/0.87 - 1.14) to intensive (0.99/0.94 - 1.07) over the entire production cycle [6]. Superintensive 515 

stocking densities can be seen as questionable from an animal ethics point of view and can affect sales through negative 516 

publicity. 517 

The entrepreneurial decision to produce own fingerlings is divided into two options. The first option of 518 

self-sufficiency is not recommended because the extra costs of the higher skilled employee and the investment costs for 519 

the hatchery are significantly higher than the savings. However, a hatchery can be profitable if production exceeds own 520 

requirements. Thus, by producing 300% of the own requirements (option 2), the CPU (0.141 €/each) and VCU (0.088 521 

€/each) are approximately halved and the PPU improves from - 0.090 €/each to 0.059 €/each (Table 4). Besides the re-522 

turns of 39,871 €/year (Table 5), the biggest benefit is the independence from external suppliers. An increase in the cost 523 
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of fingerlings would have only a minimal impact on the KPIs. The critical price threshold for fingerlings in this scenario 524 

is 0.128 €/fish. If this threshold is undercut at the same output a negative operating result will be achieved again. 525 

Among the main problems of own fingerling production, besides high mortality rates and high feed costs [54], there is 526 

still a lack of know-how for efficient breeding of healthy fingerlings, as successful hatcheries keep their know-how as 527 

company secret. To overcome this knowledge gap, companies need to work closely with research institutions to es-528 

tablish the best possible protocols for seedling production in future.  529 

The scenario of aquaponics integration through a large-scale greenhouse is a critical economic decision. In addi-530 

tion to high investment costs, a greenhouse opens another economic sector with completely different products and 531 

requires additional know-how and distribution channels. In the first option, a 1,000 m2 tomato greenhouse is inte-532 

grated. Aquaponic tomato production can be operated commercially and produce marketable fruit if mineral fertilisers 533 

are added and the cycles are decoupled, i.e. the fertilised process water from the plants is not recirculated to the fish [55 534 

Suhl e. al., 2016]. Aquaponic tomato cultivation can increase fertilization efficiency by 23.6% compared to hydroponic 535 

cultivation [55], but the demand for fertilisation is still high. In the case of tomatoes, the main benefits of aquaponic 536 

production are improved marketing opportunities of both fish and plants. The increased sales prices improve the 537 

aquaculture KPIs (returns 36,459 €/year; ROI 3.78%) and achieve, together with the greenhouse (returns 15,930 €/year; 538 

ROI 3.91%), returns of 52,389 €/year and an ROI of 3.82% (Table 5). A study in the U.S. Midwest found that aquaponics 539 

systems require higher investment and operating costs and concurrently lower crop production than hydroponics 540 

systems, and only become profitable with a 20% premium price [56]. A 10% increase in tomato prices would increase 541 

the returns and ROI by 25,3% (65,639 €/year; 4.79%). Option 2 integrates a highly productive 10,000 m2 basil green-542 

house with artificial lighting for year-round production. Basil has already achieved promising results in aquaponics 543 

[15]; only small amounts of additional fertilisation, especially with potassium and iron, would be necessary [16,17]. The 544 

greenhouse (returns 248,502 €/year; ROI 6.93%) together with aquaculture would result in returns of 284,502 €/year and 545 

an ROI of 6.26%. In 2015, an international survey reported that of 257 aquaponics farms surveyed, of which 188 were 546 

classified as ”commercial-scale“, less than one-third were profitable in the past year [57]. However, the average com-547 

mercial production site in the US in this study was only 100 m2 of cultivation area and a water volume of 10.3 m3 [57], 548 

suggesting that a large proportion of respondents were more likely to be classified as small-scale/semi commercial (≤ 549 

100 m2) [37]. There are contradicting views of aquaponics profitability, but there is consensus that larger systems are 550 

economically superior to smaller ones and that profitability depends on retail prices [58]. The integration of a smaller 551 

greenhouse is financially viable if the marketing effect spikes higher fish prices. A ten percent increase in basil prices 552 

would increase aquaponics KPIs by 71% (returns 486,377 €/year; ROI 10.70%). For a production of over 2 million pots, 553 

an increase in basil prices would primarily be realized through a larger number of retail customers. In the structurally 554 

weak northeast of Germany, this is associated with considerably higher transport costs. Furthermore, a integration on 555 

this scale is associated with enormous investment costs of several million euros. Usually, such investments are not 556 

financed exclusively with equity capital and subsidies, as in this model, which results in interest charges due to bor-557 

rowed capital and thus reduces the KPIs. Larger investments could become interesting especially if European sus-558 

tainability funds would also subsidize aquaponic investments with 50%. Aquaponic systems have created a strong 559 

public perception of sustainable, regional food production. Aquaponic integration would improve the publicity of the 560 

company and create a positive customer experience when buying aquaponic products. In order to use the marketing 561 

advantages most efficiently, the aquaponic principle including fresh plants should be publicly visible for the customers 562 

and an additional farm store should be integrated where the end-consumer can buy the fresh products with mark-ups 563 

of significantly more than 10%. Since aquaponics is a young field of science, there is still a lot of potential for devel-564 

opment, especially with regard to increasing productivity. A particularly productive system for aquaponic basil cul-565 

tivation has proven to be "aeroponics", a system where the roots grow in the air and are sprayed with process water 566 

from the fishes [52]. 567 

The last scenario of the higher value-added level is divided into three options. In option 1, hand slaughtering is 568 

integrated and 80% of the production is sold as fillet. At an average fillet price of 6.50 €/kg, the company generates still 569 

relatively unattractive KPIs with returns of 28.529 €/year with an ROI of 2.83% due to high labour costs (Table 5). 570 

However, the higher value of filleting becomes apparent when the fillet price increases due to higher sales to retailers 571 

and end-consumer. A ten percent increase in fillet price to 7.15 €/kg increases the two KPIs significantly by 239.4% and 572 

turns the farm into a lucrative business (96,814 €/year; 9.59%). An entrepreneur must calculate at what output the 573 

investment in an automated slaughter machine is worthwhile. The advantages for this would be the saving of wages 574 

and the identical trimming production. The disadvantages are high investment costs and poorer processing of heter-575 

ogeneously grown fish. Another option to increase added value is incorporation of additional benefits, because the fish 576 

farm can be integrated into the regular farming practices, such as the biogas (CHP, EEG), animal husbandry, crop 577 



Sustainability 2021, 13, x FOR PEER REVIEW 7 of 18 
 

 

production and plant irrigation during summer. If a conventional pig fattening is part of the corporation, the ensiled 578 

trimmings can be added to the pig feed. The valuable nutrients of the carcass of the slaughterhouse waste [27] are 579 

profitably reused, but only a certain amount can be processed and added to the pig feed (<10%), otherwise the pigs 580 

reject the feed. Accordingly, a larger pig fattening is required to fully utilize the trimmings. The remaining trimmings 581 

are sold far below value (50 €/t) to fish meal plants in Cuxhaven, where most of the added value takes place. If poorly 582 

planned, disposal to rendering plants (40 - 100 €/t) or biogas plants (10 - 12 €/t) may even incur costs [59]. In order to 583 

shift the added value to Mecklenburg-Western Pomerania, the farms would have to chemically ensile or deep-freeze 584 

their trimmings and process them centrally (in cooperation) into fish meal or use them directly for the production of 585 

dry feed pellet.  586 

In option 2, 30% of the production is processed into smoked fillets and 50% into fillets. As smoking is one of the 587 

highest processing stages of fish products in northern Germany, the high prices (12.50 €/kg) can already generate very 588 

lucrative returns of 212,198 €/year and an ROI of 20.10%. If the smoked fillet price increases by 10%, profit and ROI 589 

increase by 23.2% (261,442 €/year; 24.76%). In the European trout market, smoked trout accounted for 307 mil. €, more 590 

than the half of the total intra-EU trade flow (590 mil. €.) in 2020 [60]. The main importer among the member states was 591 

Germany (308 mil. €), with a share of 81% smoked products (249 mil. €). Of the global fish and seafood revenue (455.2 592 

bil. $), processed products accounts for only 28% and fresh products 55%, which can be justified by the high share of 593 

Asia (293.6 bil. $), where consumers prefer fresh products [61]. A 2011 analysis of the Egyptian aquaculture value chain 594 

concluded that the industry is (i.a.) under increasing financial pressure due to a lack of processing and exports, caused 595 

by distrust of processed/filleted products. [62]. The figures demonstrate that processing is one of the most important 596 

parts of the European value chain, which inevitably has to be generated internally within the company or inside the 597 

country. The third option extends option 2 by a farm store where 25% of the total production is sold and direct mar-598 

keting prices lead to a mark-up of 75%. Despite the additional costs, the company can already generate returns of 599 

297,204 €/year and a lucrative ROI of 23.46%. If the farm store can increase prices by another 10%, the two KPIs increase 600 

by 15.6% (343,586 €/year; 27.12%). The farm store could also generate sales by trading additional fishery and agricul-601 

tural products. The difficulty is that the catfish farms are located in the structurally weakest regions in the northeast of 602 

Germany and farm stores integrated in the farm location might not have sufficient clientele to sell 25% of the produc-603 

tion. The development of more remote farm stores in areas with higher purchasing power, such as Rostock, Schwerin 604 

or Greifswald, could be more profitable, but would incur further costs. 605 

The results from the entrepreneurial decision scenarios show with the background of a 50% subsidy from the new 606 

European fund (EMFAF) that investments remain attractive. Especially by implementing the right entrepreneurial 607 

decisions, the industry can become a profitable economic sector. Since a large proportion of the fishery value chain is 608 

created in processing, in addition to filleting, higher levels of processing such as smoking should be targeted within the 609 

company. To improve sales prices, larger quantities must be distributed to retailers and end-consumer. 610 

5. Conclusions 611 

The farmland based model catfish farm in northern Germany with an output of 320 t/year is currently gainless but 612 

economically viable, without consideration of additional benefits. The biggest impact on the profitability of the farm is 613 

the selling price, with each ten percent change changing the returns by ± 70.463 €/year. Among the variable costs, feed 614 

has the main impact and accounts for 42.14% of TC and 61.42% of VC. This is much lower compared with already 615 

analysed pond aquaculture systems where feed can reach 86% of TC. Each ten percent change in feed price results in a 616 

change of returns of ± 29.691 €/year, followed in descending order by energy (10% price change changes returns by ± 617 

5.913 €/year), fingerlings (± 4.804 €/year), wages (± 3.972 €/year), and water (± 2.464 €/year), which together account for 618 

only 24.35% of TC (35.49% of VC). If the investment costs can be reduced by 10%, the operating result will change by ± 619 

15.546 €/year due to lower depreciation.  620 

Different entrepreneurial decision scenarios have significant impact on profitability. A plant size with double the 621 

production output can achieve attractive returns of 175,240 €/year and an ROI of 11.45%. If the whole fish price in-622 

creases by 10%, these two ratios increase by 80.4% (316,167 €/year; 20.66%). This suggests a larger investment if the 623 

investors have sufficient capital available. An increase of the maximum stocking density to 550 kg/m3 may increase the 624 

ROI by 4.40%, but risks system malfunctioning and bad publicity. An own fingerling production does not make sense 625 

in the case of an exclusive self-supply due to high labour costs, but economically turns positive if three times of the 626 

own demand is produced and 200% is resold to regional breeders. An aquaponic integration of a 1,000 m2 tomato 627 

greenhouse could result in returns and an ROI of the entire complex of 52,389 €/year and 3.82%. A 10,000 m2 green-628 

house with LED lighting for the year-round cultivation of basil, could generate 284,502 €/year and an ROI of 6.26%, 629 

together with fish farming. The main advantage of aquaponic farming is the principle of sustainable food production, 630 
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with higher selling prices, reduced waste and reuse of water. Further strategies to enhance the profitability of northern 631 

German catfish aquaculture are to keep the added value within the company by increasing the processing stages.  632 

Investments by northern German farmers in catfish aquaculture remain promising due to possible 50% subsidies 633 

of the EMFAF funding program. The farms must ensure that the plants not only contribute to the regional food supply, 634 

but also operate economically sustainable. The variable costs of 1,51 €/kg can be considered as critical, and investors 635 

must consider that also for aquaculture in rural areas larger systems (approx. 600 m3PV) are significantly more prof-636 

itable. Farm sizes of about 300 m3PV are more price sensible and dependent on larger distribution volumes to retailers 637 

and end customers. Additional synergies can be generated through the establishment of a regional "producer organi-638 

sation". Together with possible improvements of feed and cultivation techniques together with increasing fish prices, 639 

African catfish farms in northern Germany still have large potential for improvement, turning this economically viable 640 

aquaculture into an ecological and economical sustainable highly profitable business. 641 
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