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Abstract 

Aquaponics might be one solution to produce food in a more sustainable way in the future. 

Aquaponics combines aquaculture and hydroponics in a way that the disadvantages of one 

system become the advantages of the other one. The nutrient rich excess water from the fish 

tank is used for plant growth, while the plants are used as biofilter to clean the water for the 

fish. Further closed loops can be created by using plant-residues, sludge and food wastes as 

raw materials for a biogas digester. With a combined heat and power plant (CHP) the 

produced methane can be used for heat and electricity production needed by the aquaponics. 

This report determines if such implementation can lead to reduced overall running costs and 

which size the aquaponics should have. As example location Sweden is chosen. 

It shows that the methane demand of a CHP requires a minimum size of the biogas digesters 

and aquaponics. In the aquaponics at least 50 t of fish have to be bread with a complementing 

grow bed area of 800 - 900 m
2
. In total the aquaponics system contains 1000 m

3
 water. The 

Energy produced by the CHP will not cover totally the energy demand of the aquaponics-

system and should be complement by energy from other sources (e.g. solar cells, wind 

turbines) if there is no access to a stable external energy supply. Energy produced by the CHP 

has an average price between 1 - 2.1 kr/kWh. If no CHP is implemented, there is no minimum 

size required for the aquaponics- and biogas-system and the produced methane can be used 

for heating and cooking. 

 

Abbreviations 

CHP – Combined Heat and Power Plant 

DW – Dry Weight 

WW – Wet Weight 

HRT - Hydraulic Retention Time 

OLR - Organic Loading Rate 

GRP - Glass-fiber Reinforced Plastic 
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1. Introduction 

Nature has to cope with many threats caused by humankind. A significant amount of the 

environmental impacts has its source in the modern agriculture (Gigliona, et al., 2012). Water 

is consumed due to the irrigation of fields, monocultures lead to biodiversity loss and an 

increase of pests and weeds. In the fight against these problems pesticides are used, which not 

only kill the pests and weeds, but also leave residues in the fruits and poison surrounding 

areas. Additionally the soil cannot comply with the nutrient requirements of the intensive 

farming. Fertilizers are supposed to put things right, but they also get into waterways where 

they can cause eutrophication. 

Aquaponics might be one way towards a more sustainable food production (Gigliona, et al., 

2012). Aquaponics offers a solution to produce regional fresh food without significant 

environmental impact. Additionally Aquaponics guarantees the security of food supply, 

because they can be built exactly where the food is consumed, even at places which are 

unsuitable for conventional food production, as on roof tops or abandoned industrial areas 

(Leschke, et al., 2015). They also support the local economy, because the money stays in the 

region.  

 Aquaponics combines aquaculture and hydroponics in a way that the disadvantages of one 

system become the advantages of the other one (Malcolm, 2007a). In an aquaculture, which is 

the breeding of fish in fish tanks, fish excrement has to be taken care of which causes 

eutrophication in water bodies when released into the environment and a lot of fresh water is 

needed. In hydroponics, where plants are grown in grow beds in nutrient rich water without 

soil, expensive nutrients are required to feed the plants.  In aquaponics the water pipes of the 

aquaculture and the hydroponics are connected to each other to a circuit system so that the 

nutrient rich excess water from the fish tank is used for plant growth, while the plants are used 

as biofilters to clean the water for the fish (Diver, 2006, p. 2). This way the water 

consumption can be lowered up to 99% in comparison to running both systems individually 

(Diver, 2006, p. 4).  

Aquaponics are very flexible systems and can be adjusted to the local requirements. There are 

systems running in cold climates as well as in tropical climates (Malcolm, 2007b). Also the 

scale ranges from big commercial systems with around 600 kg of fish and 5000 heads of 

lettuce every week (Wilson, 2002) to small backyard systems: Two 1000 liter tanks can 

provide a family of five with vegetables and fish all year round (Theurbanfarmingguys, 2012). 
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Looking at the material- and energy flows of Aquaponics (Figure 1) we can mainly see the 

following streams going inside: Fish-food; energy for the pumps, possible lighting and 

heating; and water. As output these streams occur: Fish, vegetables, sludge and organic plant 

residues. 

 

Figure 1. Material and energy-flows of aquaponics 

To make Aquaponics even more efficient and to lower the environmental impact, further 

closed loops can be created between these input- and output flows: 

Although most of the nutrients in the water from the fish tanks are taken up by the plants, 

there are still a lot of suspended solids left which have to be removed by filters to avoid the 

blockage of pipes and roots and to avoid low oxygen levels (Rakocy, et al., 2006, p. 4). 

Additionally occur during the harvesting of the plants compostable wastes as roots, stems and 

outer leaves. Theses organic materials can be fermented to methane in a biogas digester and 

the produced methane can be used in a combined-heat-and-power-plant (CHP) for the 

production of heat and electricity needed by the aquaponics. 
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1.1 Aim 

The aim of this report is to demonstrate how a biogas-system can be implemented into 

aquaponics to use its outflows as energy resource to produce heat and electricity. 

Further the following questions will be answered: Which size does an aquaponics system need 

to have to supply enough raw materials for the biogas digester and at which local energy price 

can the implementation of a biogas-system lead to lower overall running costs?  
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2. Background 

2.1 The Biogas Process 

The fermentation of organic materials to methane is a process with several steps (Linke, et al., 

2011, p. 12). Under anaerobic conditions microorganisms use the chemical energy stored in 

organic substances as fats, carbohydrates and proteins for their metabolism. The several steps 

are shown in Figure 2 below: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Environmental conditions which influence the process are temperature, pH and the 

concentrations of the substances. For the temperature the following can be said: the higher the 

temperature, the higher the reaction rate and the more biogas is produced. However, a value 
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Figure 2. Steps in the production of biogas 
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around 42 °C has been shown as optimal (Linke, et al., 2011, p. 13). Although a higher 

temperature would speed up the reactions even more, the microorganisms would be more 

sensitive, which would require a much higher service-effort to run the system. The optimum 

pH-value is more difficult to determine. Because of the high buffering capacity of the 

solution, the pH can still maintain a suitable value between 7.0 - 8.5, while the solution is 

already too acid. So a better value to determine the acidity of the solution is the A/TIC-value. 

It is the quotient of volatile fatty acid, expressed in acetic acid-equivalents [mg/L] and Total 

Inorganic Carbon [mg/l]. A value of 0.3-0.4 is optimal. If the value is higher, the biogas 

digester is overcharged. If the value is lower, more substrate can be added.  

To be able to design a biogas fermenter it is important to know the biogas yield of the feed 

substances. Generally it can be said that the amount of produced methane per dry weight 

(DW) feed substance is the highest at fats (~1 m
3
/kg) (Linke, et al., 2011, p. 15). In the middle 

there are proteins (~0.47 m
3
/kg) and carbohydrates (~0.37 m

3
/kg) have the lowest yield. 

2.2 Usage of Biogas 

There are several ways to use the generated biogas as energy source. The easiest way is to 

burn it in a heater to generate heat. But since in Aquaponics the two energy sources -

electricity and heat - are needed, a small scale combined heat and power plant (CHP) will be 

used to convert the biogas in these energy sources. A CHP consists of a combustion engine 

which is driving a generator for electricity production. Through cooling circuits, exhaust 

fumes and heat exchangers, the generated heat from the combustion engine can be used for 

other purposes. This cogeneration of electricity and heat can be realized with several CHPs. 

There are the otto-gas-engine, the stirling-engine, the the igniting beam engine, micro-gas-

turbines and fuel cells. The most common ones - otto-gas-engine and the sterling engine- are 

also available with lower power (less than 20 kW) and the technology is purchasable. 

This report will have sterling engine in focus. The stirling-engine, also called hot-air-engine, 

converts heat-energy to mechanical energy. It is based on the principle that the volume of a 

gas is higher at higher temperatures and lower at lower temperatures. Advantages are that 

biogas with only 20% methane content can be used. Special cleaning or upgrading is not 

required (Clean-Energy, 2015). The methane content in the biogas used for a otto-gas-engine 

would need for example at least 45%. It should also be dried and desulphurized.  
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3. Methods and Materials 

To determine the required size of the biogas-system the properties of the CHP are examined 

first. The CHP is the only component in the whole system which has a fixed size; all other 

components can be adjusted accordingly. The CHP can generate a specific amount of energy 

and needs a specific amount of methane to generate it. The known methane demand 

determines the required size of the biogas digester and how much feeding substance has to be 

added daily. Following the minimum required size of the aquaponics (amount of kg fish, grow 

bed size, amount of water) can be calculated to generate enough “wastes” for the biogas 

digester. 

As next step it will be looked at the biogas-system in detail to determine its building and 

running costs. Therefore a biogas-system will be constructed in 3D with the software 

autodesk inventor. Summing up the purchase costs of the used building materials and the 

amount of working hours the building costs can be estimated. The building costs will be 

covered with an annuity loan. Yearly annuity and running costs are then used to calculate the 

price per kWh of the energy produced by the CHP. As example location Sweden was 

choosen. 

The author of this report gained additional background information about fish breeding during 

an internship near the village Hohen Wangelin in the north-east of Germany. During the 

summer 2013 the author worked at a cold-water fish breeding recirculation system where 

pike-perch is grown. 
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4. Results 

To be able to design the biogas digester, it was determined first, how much methane per day is 

required. The produced methane is used in a CHP to produce heat and electricity. But these 

CHPs have fixed sizes and require a defined amount of methane to work. Consequently the 

biogas-digester was designed in a way that the methane consumption of the CHP can be 

covered when it runs with maximum power. In fact the power of the CHP is adjustable, so 

that it would also run with lower methane-supply, but that would be economically pointless 

regarding to the high purchase costs of the CHP. 

4.1 The CHP 

As CHPs the sterling-engine C9G from Clean Energy (2012) was chosen. In the following 

table 1 the different properties can be seen: 

Table 1. Properties of the CHP C9G 

 CHP C9G 

Engine Stirling Engine 

 
Power 2 – 9 kW el 

8 – 25 kW th 

Efficiency Electric: 25% (at max power) 

Thermal: 73% 

Total: 98% 

At water flow temperature of 40°C, 1.6 m
3
/h 

Heating water Leaving flow:  

Back flow: 35 – 60 

Volume: 1.6 m
3
/h 

Pressure: 3 bar 

Electrical output 3 x 400 V, 25 A 

Gas quality Methane Content: 20-100% 

Sulfur: max 100 ppm 

Temp: max 40°C 

Rel Humidity: max 80% 

Pressure: 45-200 mbar 
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 CHP C9G 

Gas flow At heating value of 10,8 kW and water flow temperature of 50°C: 

3,3 m³/h (at max power) 

Exhaust Gases Volume: ~100 kg/h 

NOx: < 80 mg/Nm³ *
 

CO: < 50 mg/Nm³  * 

Working Gas Gas type: Helium 

Gas quality: 4.6 or balloon gas 

Gas pressure: max 230 bar (bottle pressure) 

Gas consumption: 100-300 ml/h (operational mode) 

0-100 ml/h (sitting) 

Size Length: 1450 mm 

Width: 700 mm 

Height: 1000 mm 

Costs Investment: 330 000 kr * 

Service: 15 000 kr/year * 

* Information not in the official document provided by the supplier. Information received 

through personal communication with Niclas Davidsson via email.  

4.2. Needed Methane Supply 

From the given values about power and efficiency the needed methane supply was calculated. 

It is known that 1 kW = 1 J/s. For the power of 1 kW for one hour 3.6 MJ are needed. 

Methane has the net heating value of 50 MJ/kg (Engineeringtoolbox, n.d.). The net heating 

value was taken, because it can be assumed that the exhaust fumes are not condensed 

completely. Consequently for 1 kWh the energy of 0.072 kg methane is needed. Methane has 

the molar mass of 16.0 g/mole and at normal conditions one mole of gas has the volume of 

22.4 L/mol. Accordingly 0,072 kg methane (= 4.5 mole) equal 100.8 L or 0.1 m
3
. In table 2 

can be seen how much methane the CHPs would consume per hour: 

Table 2. Needed methane supply 

 CHP C9G 

Total Power (el. + th.) 34 kW 

Efficiency 98% 

Needed Power Input 34.7 kW 

Needed Methane Supply 3.4 m
3
/h = 81.6 m

3
/d 

4.3 Properties of the Fermented Organic Substances 

In Aquaponics organic waste such as fish waste and plant residues (Figure 1) occur. These 

organic substances can be fermented in the biogas digester. Additionally it is suggested to add 

organic substance from other resources as well to lower the minimum required size of the 

aquaponics and to ensure a stable supply. This could be food wastes from restaurants. This 

food waste is usually free of charge and can be easily obtained when delivering food from the 

Aquaponics to the restaurants. 
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To be able to do the further planning of the digester it is important to know how much 

methane yield can be expected from these substances and how long they should stay in the 

digester, also called hydraulic retention time (HRT). 

Research has shown that a methane yield of 0.525 m
3
/kg DW can be expected for the fish 

waste of mackerel (Kafle, et al., 2013). The amount of the dry weight (DW) of the total wet 

weight (WW) was 29,9%, so the fish waste has a methane yield of 0.157 m
3
/kg WW. 

Residues from green plants give a methane yield of 0.369 m
3
/kg WW, 0.105 wet (FNR, 2010, 

p. 83) and the yield from food waste can be estimated to be 0.061 m
3
/kg WW, knowing the 

yield from vegetables (0.041 m
3
/kg WW), potatoes (0.095 m

3
/kg WW), fruits (0.051 m

3
/kg 

WW) and spice plants (0.059 m
3
/kg WW) (FNR, 2010, p. 81). Mixing all substances the mean 

value is 0.108 m
3
/kg WW. A summary can be seen in the following table: 

Table 3. Methane yield and water content of the organic substances fermented in the digester. 

Substance Methane yield [m
3
/kg WW] Water  Methane yield [m

3
/kg DW] 

Fish Waste 0.157 70.1% 0.525 

Plant Residues 0.105 88% 0.875 

Food Waste 0.061 85% 0.321 

Average 0.108 81% 0.573 

Water content of plants and food from (FNR, 2010, p. 85) 

From Linke, et al. (2011) it can be assumend that a HRT of 30 days and an organic loading 

rate (OLR) of not more than 3 kg m
-3

 d
-1

 would be optimal. The OLR specifies how much 

DW of substance per m
3
 of the fermenter and day can be added. 

It is very important to note that all the values mentioned here are estimations. For a 

authoritative design of the digester a fermenting test of the substances is recommended. 

4.4 Dimensioning of the digester 

With known methane supply for the CHP, the methane yield of the feed substances and the 

OLR the needed volume of the digester can be calculated:  

Table 4. Calculation of the digester volume 

Value CHP C9G 

Needed Methane Supply [m
3
/d] 81.6 

Methane yield [m
3
/kg DW] 0.573 

Needed feed substance [kg DW/d] 142.41 

OLR [3 kg m
-3

 d
-1

] 3 

Needed digester volume per day [m
3
/d] 47.5 

Digester volume at ORT of 30 days [m
3
] 1424.1 
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4.5 Design of the Digester 

Usually a biogas-system consists of the following elements (Linke, et al., 2011, pp. 21-23): 

 

Figure 3. Typical biogas-system 

To keep building costs and energy loss low it seems logical that the digester should have a 

minimum surface while the volume gets maximal. The geometric form which includes these 

properties is the ball. However, a ball is not very suitable as the form of the digester, because 

it is difficult to construct. Therefore the design of a cylinder was chosen. 

4.5.1 Geometrics 

With known volume it was calculated at which dimensions the surface area of the digester is 

the lowest. This is the case when the height of the cylinder has a value which is twice the 

radius:       (derivation see appendix). In that case the following equations apply: 

    
 

  

 
 (eq. 4.1) 

      
 

   

 
  (eq. 4.2) 

        
 

   
 

 

 
 (eq. 4.3) 

 

  radius [m] 

  height [m] 

  surface [m
2
] 

  volume [m
3
] 
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The total digester volume is 1424.1 m
3
. There will be two digester tanks with 712.05 m

3
 each.  

Consequently the radius is 4.84 m and the height 9.68 m. 

Although these dimensions would minimize the surface area in relation to the volume, a 

height of 9.68 m would be difficult to realize in practice. The pressure the containing liquid 

would have on the walls would be very high and the walls would have to be constructed of 0.5 

m thick wooden beams (see appendix). A height of 5 m seems to be much more convenient. 

With known volume and height the following equations apply: 

    
 

   
        

                       

4.5.2 Building materials 

As one building material wood was chosen. It is a renewable raw material, easy to purchase 

and easy to process. Wood will be used to construct the skeleton of the walls of the digester 

which will support the inner balloon of the digester. Concrete will be used to construct the 

foundation. 

The actual digester (the balloon) will be made of the hightech fabric “TECHSTEEL”, 

produced by F.O.C., located in Borås, Sweden (F.O.V., 2014). It is lightweight, 5 times 

stronger than steel, easy to process and can be molded to any shape. 

An alternative could be glass-fiber reinforced plastic (GRP). GRP is easy to process, can be 

molded to any shape and is very resistant when hardened. The top of the digester will be 

covered with techsteel as well, alternatively with PE foil. 

Additionally a couple of pipes, electrical wires and a stirring gear for each digester is needed. 

A material list with quantity and prices can be found in the appendix.  

4.5.3 Construction - 3D Simulation 

The basic structure of the digester form wooden beams which are anchored on a fundament. 

For stabilization steel ropes surround the beams on top and they are braced on four sides. 

Inside that wooden frame is a cylinder made of fabric. At the walls are tubes for the heating of 



12 
 

the substrate. Additionally a mixer is installed to keep the substrate in movement.

 

Figure 4. Basic structure of the digester 

The first digester is complemented by a second one and a storage for the residues at the end of 

the process line. In front of the first digester is a feeder where the substrate is added.

 

Figure 5. Basic design of the biogas-system 

On top of the tank the biogas is collected with pipes (yellow) and lead to the CHP (blue). The 

CHP produces electricity and heat. The heat is distributed through pipes to the digesters to 

keep them at optimal temperature. Also the heating system of the greenhouse can be 

connected. 
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Figure 6. Gas and heating pipes 

The following picture shows a close up of the CHP and the valves where the greenhouse can 

be connected.  

 

Figure 7. Close-up on CHP and valves to the greenhouse 
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4.6 Implementation into Aquaponics 

Connecting the biogas digester and the CHP to the aquaponics additional closed loops can be 

created. To plant residues and sludge, food waste is added and then digested into biogas. The 

biogas is converted to electricity and heat in the CHP which is used again by the aquaponics. 

This decreases the needed inflows of aquaponics to sunlight, fish food and water. In case the 

electricity and heat produced by the CHP cannot entirely cover the energy demand, it still has 

to be added from the outside. The new outflows are vegetables, fish and some leftover sludge 

from the biogas process. This could be used further on as fertilizer for traditional agriculture. 

 

Figure 8. Energy and material flows of aquaponics- with implemented biogas-system 
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4.7. Size of the Aquaponics 

As determined in table 2 the CHP needs a methane supply of 81.6 m
3
/d which equals a needed 

feed substance of 755 kg WW /d (see table 3). As estimated 
1
/3 of this are collected food 

waste, 
1
/3   sludge from the fish tanks and 

1
/3  plant residues.  So the aquaponics has to produce 

at least 252 kg WW (75kg DW) sludge and 252 kg WW plant residues per day. 

As experiences at the pike-perch breeding farm in Hohen Wangelin have shown, around 4 mg 

DW of sludge are filtered out of 1 L water per hour at a fish mass of 0.06 kg/L. This means 

that during one day 1.6g DW of sludge occur per kg fish. Accordingly the aquaponics should 

hold 46 875 kg of fish to meet the demands of the biogas digester. With a fish mass of 0.06 

kg/L the total volume of the fish tanks has to be at least 781 250 L.  

In case of raft hydroponics the grow bed area should be 1 m
2 

per 180g fish feed per day to 

supply a sufficient nitrification treatment capacity (Rakocy, et al., 2006, p. 7). Experiences in 

Hohen Wangelin show that in the first year 1.2 kg food for 1 kg of fish is needed. Per day this 

results in 3.3 g food per kg fish. Accordingly 180 g food (and 1 m
2  

grow bed area) equals 

54.55 kg fish. So the grow bed area has to be 860 m
2
. With a water depth of 30 cm (Rakocy, 

et al., 2006, p. 8) they contain an additional water volume of 257 791 L.  

In total the aquaponics system contains 1 039 041 l water.  

4.7.1 Can the energy demand be covered? 

As research has shown a HRT of 2.3h is optimal for plant and fish growth in aquaponics 

(Endut, et al., 2009). This means that every 2.3 hours the whole water volume is pumped 

around. So per hour 0.44 of the total volume has to be pumped, which means 457 178 L in our 

case. 

A typical aquaponics system is designed in the following way: 

 

Figure 9. Typical aquaponics-system 
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The altitude the water has to be lifted is around 2 meters. This means that a total energy of 

8 969 832 J per hour is needed, which equals a power of 2 492 W or 2.5 kW. 

                                                 

  
  

  
 
           

      
          

The CHP can produce 9 kW electrical energy. Theoretically this can cover the energy 

demand. However, the pump will demand more than 2.5 kW in reality due to electrical 

resistance and friction of the water in the pipes. 

An example of a pump is the Submersible Sewage Pump Type ABS XFP 151E-CB2 (Sulzer, 

2014). With a power of 5 – 9 kW and a water flow rate of around 125 l/s (450 000 L/h) it can 

almost meet the demand. 

Accordingly under optimal conditions such as a dense fish stocking, an efficient design of the 

aquaponics with a low altitude between sump and grow bed, an optimal HRT and a highly 

efficient pump the leavings from the aquaponics could generate enough methane supply for 

the CHP to cover the energy demand of the circulation pump. Food wastes from other sources 

(e.g. restaurants) have to be added to the mix in the biogas digester as well. 

However, additional electrical energy is needed for lighting, the mixer, the warm-water 

pumps for the biogas digester and heating of the greenhouse and control systems such as 

computers and sensors. 

Consequently the electrical energy generated by the CHP cannot cover the whole electrical 

energy demand in the greenhouse. But it has a significant contribution to lower the amount of 

energy which has to be provided from other sources, such as the local energy provider.  

 

Figure 10. Submersible Sewage Pump Type ABS XFP 151E-CB2 
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Table 5. Properties of the Submersible Sewage Pump Type ABS XFP 151E-CB2 

 

 

4.8 Costs 

Following the building and running costs of the biogas system are estimated. As example 

location Sweden is chosen. External companies are not hired. All work is carried out by the 

workers at the aquaponics system. All costs are calculated per year and are expressed in SEK. 

4.8.1 Building Costs 

The building costs are the sum of labor and material costs. 

Labor costs 

According to lönestatistik.se (2015) a monthly income of 24000 kr for the workers should be 

appropriate. With 160 working hours per month and employee taxes of 31,42% 

(Ekonomifakta.se, 2015) this makes costs of 197 kr / hour. For construction of the biogas 

system a total of 399 hours are needed (see appendix), which means costs of 78 603 kr.  

Material costs 

According to the material list in the appendix all needed materials cost 1 535 311 kr. 

Consequently the total building costs are 1 613 914 kr. 

However, projects like that usually take longer to be built than planned and material costs 

tend to increase as well. So to be on the safe side that number is taken twice and total building 

costs are estimated to be around 3 200 000 kr. 

4.8.2 Running Costs 

The running costs are the sum of service costs and material costs within one year. 

Service costs 

Service costs are the labor costs for maintenance. In the following table an estimation per day 

can be seen: 

Table 6. Service costs of the biogas-system 

Workflow Time (hours) per day 

Walkabout, checking for problems 0.25 

Fixing problems if found 0.25 
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Determination of the A/TIC-value, every 2nd day 0.25 

Adding substance to the digester 0.25 

Changing helium bottle, every 11
th

 month 0.004 

Cleaning 0.25 

Total 1.254 

 

With costs of 197 kr/h the labor costs are 246.25 kr per day and 89 881 kr per year. 

Additional the CHP has service costs of 15 000 kr/year. 

Material costs 

The CHP is using helium as working gas with a consumption of 300 ml/h at maximum power. 

In a 10L bottle at 200 bar are 2000L of gas at 1 bar (            ). So one bottle lasts 

277 days, which means 1.3 fillings per year are needed. The costs of that and other material 

costs can be seen in the following table: 

Table 7. Yearly material costs of the biogas-system 

Material Purchase Costs (kr) per year 

Helium filling, 10L, 1.3 times per year 900 

Replacement parts 20 000 

Total 20 900 

 

Summing up the total running costs are estimated to be 126 000 kr per year. 

4.9 Which local energy price will the investment be profitable at? 

The integration of a biogas system into an aquaponics system is profitable if its building and 

running costs are lower than the purchase costs of the energy which would have to be bought 

otherwise.  

To cover the building costs an annuity loan is taken. It will be paid back within 20 years.  

     
        

        
 

  annuity (how much is paid to the bank per year) 

   total loan = building costs 

  interest rate 

  loan term 
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The running costs (RC) are covered by the normal revenue of the company. 

The CHP produces thermal energy of 25kW and electrical energy of 9 kW. Per year that sums 

up to a total energy production of 298 MWh. Accordingly the biogas system is profitable if 

the average local energy purchase costs (EC) for heat and electricity are higher than the sum 

of running costs and annuity.  

 

         

Price per kWh: 

  

   
  

    

       
 

  

   
  

               

       
 

  

   
         

 

4.10. Sensitivity Analysis of the Energy Costs 

The price of the produced energy by the CHP is the result of a calculation chain. Additional 

the building and running costs are based on estimations. In the following a one-factor-at-a-

time sensitivity analysis is carried out to determine which factor has the highest impact on the 

energy-price. 

This is the basic equation with: 

   
    

 
             

 
    

          

 
  

   energy costs (per kWh) 

   running costs (per year) 

  produced energy 

  annuity (how much is paid to the bank per year) 

   building costs 
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Variations in the building costs (BC): 

    
                      

       
      

25% higher BC: 

    
                      

       
       

             

25% less BC: 

    
                      

       
       

             

Variations in the running costs (RC): 

    
                      

       
      

25% higher RC: 

    
                      

       
      

             

25% less RC: 

    
                     

       
      

             

Variations in the produced energy (E): 

 

    
                      

       
      

25% less E: 

    
                      

       
      

             

As it can be seen variations in the produced energy have the highest impact on the energy 

costs and least impact have variations in the running costs. 

 

Worst case scenario (25% higher BC, 25% higher RC, 25% lessE):  

 

    
                      

       
      

             

 

Best case scenario (25% less BC, 25% less RC, 100% E):  
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5. Discussion 

The average calculated price for produced energy by the biogas-system is 1 - 2.1 kr/kWh. At 

the example-location Sweden that price is higher than for energy purchased on the market. 

For example in Östersund the local price is 0.75 kr/kWh electricity and 0.6 kr/kWh heat via 

district heating (Jamtkraft.se, 2015). Consequently implementing a biogas-system into an 

aquaponics-system in Sweden would not lower the overall running costs. 

However, the energy price in Sweden is lower than in other countries. In Germany where the 

energy price is 2.43 kr/kWh electricity and 0.96 kr/kWh biogas (which makes an average 

price of 1.35 kr/kWh in our example) an implementation could be profitable (Naturstrom.de, 

2015). 

Aquaponics are also very suitable for warmer climate where the sunshine-duration is longer 

during winter and not so much energy for heating is required. In the northern hemisphere a lot 

of external energy has to be used for heating and for artificial lightning during the long and 

dark winters. This makes them very interesting for developing countries in the south. 

Especially in these countries, where electrical supply is unstable, an implementation of a 

biogas-system would incline huge benefits. The biogas-system could even be complemented 

with solar cells and wind turbines for electricity production, since the electricity produced by 

the biogas-system alone will not cover the demand of the aquaponics. 

In this report the produced biogas is used in a CHP for electricity and heat production. Only a 

bigger commercial aquaponics system with at least one million liters of water can supply 

enough raw materials for the biogas digester to produce enough methane for the CHP. Food 

left overs from restaurants and households should be added as well. 

But this does not eliminate the possibility to implement biogas-systems into smaller scaled 

aquaponics-systems. If no CHP is implemented, there is no minimum size required and the 

produced biogas can easily be used for heating and cooking. Electricity could still be 

produced by solar cells and wind turbines. 

If building a new biogas-system next to aquaponics is not an option, a solution could be using 

already existing biogas-systems. For example in Sweden a lot of communities generate biogas 

at waste disposal sites and wastewater-treatment-plants. Aquaponics could easily be build 

close by and their left-over could be added to the mix. 
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6. Conclusion 

Implementing a biogas-system into aquaponics creates further closed loops by using plant-

residues, sludge and food waste as raw materials for the biogas digester. With a CHP the 

produced methane can be used to produce heat and electricity production needed by the 

aquaponics-system. The methane demand of a combined heat and power plant (CHP) requires 

a minimum size of the biogas digesters and aquaponics system. In the aquaponics system at 

least 50 t of fish have to be bread with a complementing grow bed area of 800 - 900 m
2
. In 

total the aquaponics contains 1000 m
3
 water. The biogas digester needs at least a total volume 

of 1400 m
3
 and is fed with 755 kg WW per day, consisting of a mix of plant-residues, sludge 

and food wastes (1:1:1). The building costs are 3 200 000 kr (+/- 25%) and yearly running 

costs 126 000 kr (+/- 25%). The Energy produced by the CHP will not totally cover the 

energy demand of the aquaponics-system and should be complemented by energy from other 

sources (e.g. solar cells, wind turbines) if there is no access to a stable external energy supply. 

Energy produced by the CHP has an average price between 1 - 2.1 kr/kWh. If no CHP is 

implemented, there is no minimum size required for the aquaponics- and biogas-system and 

the produced methane can be used for heating and cooking. 
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Appendix 

Geometrics of a cylinder  

We know: 

Surface area: 

                 

              

 

Volume: 

         
 
    

 

   
 

 
     

 

   
 

Inserted h  into equation for surface: 

           
 

   
  

 
                 

 

   
 

 
            

   

 
 

 
                    

At which r does S has a minimum?  first derivation and determining zero – points: 

                  

                  
 
               
 
              
 
      

 

   
 

 
       

 

   

 

 

 

Second derivation: 

                  

 
                  

For all      means      , so we have a minimum there! 

r 

h 

(eq. 4.1) 
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Determining h: 

   
 

   
 

 
 
    

 

  
 
   

 
  

Setting h in relation to r: 

 

 
  

  
   

 

 

  
 
   

 
 

 

 
  

 

 
  
  
    

 

   
 
   

 
 

   

 
 

 
  
 

 
  

   
   
 

 

 
  
 

 
  
 

 
 

 
        

 
       

 

   

 

 

Inserting      
 

   

 
  (eq. 4.1) and      

 

   

 
 (eq. 4.2) into S: 

              

 
         

 

   

 

   
 

   

 

   
 

   

 

  

 
         

 

   

 

     
 

   

 

  

 
          

 

   
 

 
 

 

 

 

 

  

(eq. 4.2) 

(eq. 4.3) 
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Construction Calculations 

Force the liquid performs on the wall: 

 

 

 

 

 

Bending moment of the construction material for the biogas digester: 

 

 

  
 

 
 
 

 
 
     

 
 
       

 
       

     
 

  
  

   
     

 
  
         

 
 
        

 
 

With a rising deepness (h) the force the liquid has on the 

wall is getting stronger.  

Pressure in a specific deepness: 

The resulting force (FR) is the pressure on the whole area. 

If the pressure would be the same in all depths it would be 

     , but since it is forming a triangle we have to 

divide it by 2:    
   

 
 .  

The biogas digester will be constructed by wooden beams 

in a specific distance d to each other. So the area     

 . 

The resulting force has its focal point at a deepness of 
2
/3 

h.  

 

 

       
    

 
    

 
  

 
  
    

 
  

 

 
 
      

 
  

 
    

        

 
 

 
    

              

 
 

          

The bending moment M(h) has its maximum value at 

the focal point at a deepness of 
2
/3 h as well. It is 

calculated the following way: 

With     
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Bending stress    
  
 

 

Modulus of resistance of a square with edge length a:     
  

 
  

 

How should the edge length of a wooden beam be? 

   
  

 
  

        
  

 
 
 
     

    

  
 

        
      

 
 
 
     

      

    
 

 
      

      

    

 

 

         
        

 
 
 
      

          

    

 

 

 

 

Spruce has a maximum allowed bending stress of                   
   (taken from 

Autodesk Inventor 2015). For security reasons we divide this by 3 and get        

                 

With h = 9.68 m and a distance between the beams d = 0.51 m:: 

    
                      

            

 

       

With h= 5 m and a distance between the beams d = 0.5 m: 
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List of Building Material 

Number Name Image QTY Estimated 
Purchase Costs 
(sek) 

Total Purchase 
Costs (sek) 

Estimated 
Costruction 
Time (h) 

1 Fundament 
121 m3 
concrete 

 

3 181500 544500 48 

2 Fastening 
 

172 100 17200 43 

3 Wooden  
beam 

 

172 1600 275200 43 

4 Wooden  
Top Ring 
(42.3 m) 

 

2 12500 25000 16 

5 Steel Rope 
Circle 
(42.3 m) 

 

6 2000 12000 6 

6 Top-Cross 
(2 steel 
ropes à 
13.5 m) 

 

2 700 1400 4 

7 Anchorage 
 

8 1000 8000 8 

8 Inner 
Ballon 
(500 m2 of 
fabric) 

 

2 100000 200000 80 



F 
 

Number Name Image QTY Estimated 
Purchase Costs 
(sek) 

Total Purchase 
Costs (sek) 

Estimated 
Costruction 
Time (h) 

9 Inner  
heating 
hose 
(381 m) 

 

2 11260 22520 16 

10 Mixer 
 

2 10000 20000 4 

11 Feeder 
 

1 20000 20000 2 

12 Compost 
Storage 
8 m3 
concrete  

1 12000 12000 24 

13 CHP 
 

1 330000 330000 8 

14 Connection  
Pipe 1 
(9 m) 

 

1 540 540 3 

15 Connection  
Pipe 2 
(13 m) 

 

1 930 930 3 

16 Water 
Pump 

 

2 7435 14870 2 



G 
 

Number Name Image QTY Estimated 
Purchase Costs 
(sek) 

Total Purchase 
Costs (sek) 

Estimated 
Costruction 
Time (h) 

17 Heat 
Exchanger 

 

1 1000 1000 1 

18 Steel Pipe 
(m) 

 

133 128 17024 70 

19 Angle 
Valve 

 

2 795 1590 1 

20 Globe 
Valve 

 

5 795 3975 3 

21 Tee 
 

7 210 1470 2 

22 45 Deg 
Elbow 

 

7 150 1050 2 

23 90 Deg 
Elbow 

 

16 190 3040 4 

24 Coupling 
 

26 77 2002 6 

 Total         1535311 399 

 


