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Chapter 4: Site selection, an important factor for successful 

biogas installations 

4.1 Methodology and results 

Nine biogas digesters were to be installed in Tiribogo. A systematic protocol for 

household selection was devised in order to decide on the households where the biogas 

digester would be situated. 

 

4.1.1 Aim 

The aim of the protocol was to provide preliminary selection criteria that could be used 

to justify this choice. We administered a baseline questionnaire to 54 householders in 

Tiribogo village from whom the nine households would be selected for installation of the 

flexible tubular biogas digesters.  

 

4.1.2 Household interviews 

A baseline questionnaire (see appendix 11) was used as a tool for data collection on 

demand for biomass fuel, availability of feedstock and water, and ability to manage 

organic waste. Fifty-four households were visited and interviewed (figure 18 and 19) in a 

30-minute structured questionnaire, consisting of a list of closed questions on how the 

household manages resources such as farm manure, water, fuel wood and kitchen 

residues. Out of the 54  householders interviewed 28 were women, but in some cases it 

was the husband, a labourer working within the family or one of the older children. The 

data collected was used to generate fact sheets and to rank the households using a 

simple numerical weighting system while applying a multi criteria decision approach. 



   

Figure 1: Consent form filled out                                  Figure 2: Household interview 

 

4.1.3 Evaluation criteria 

Measurement of firewood 

Data from the questionnaire shows that the sources of energy for householders in 

Tiribogo are firewood and charcoal for cooking, and kerosene and batteries for lighting. 

There were no biogas plants currently in use. An estimate of volume of firewood 

collected from the forest reserve was obtained in the questionnaire. Residents in 

Tiribogo collect and measure firewood in bundles, locally known as kinywa (figure 20). 

Householders use firewood as a cooking fuel on a 3-stone stove (figure 21). 

  

Figure 3: Bundle of firewood    Figure 4: 3-stone stove in use 

 



Each day many work hours are spent collecting wood, usually by women and children 

(figure 20). By using less wood, some of this time could be spent more usefully. The 

traditional 3-stone fire is still the most common way to cook with firewood in Tiribogo 

and in Uganda as a whole. Three bricks are assembled in a way which offer support to 

the pot, with the centre of the pot 9-15 cm above the ground (figure 21). This stove is 

less efficient, produces harmful smoke from the firewood, and pollutes the kitchen 

compared to a biogas burner [Semple et al., 2013]. Having a biogas system could 

significantly reduce the firewood consumption in the household. 

  

A weighing scale of 0 - 100 kg range (figure 23) was used to measure the weight of 

firewood (figure 24) consumed each day by the nine selected households. This 

measurement was taken for a week; the average firewood consumed is given in table 4. 

Figure 22 shows “the Protimeter Mini”, a small hand held digital moisture meter 

designed for general purpose moisture detection applications. It has two-pins located at 

the top of the main body with scale that runs from 6% to 90% wood moisture content 

readings. 

  

Figure 5: MC metre      Figure 6: Weighing scale  Figure 7: Weight of daily firewood use 

 

Properly dry wood fuel has moisture content in the range of 10-20% whereas, fresh cut 

wood fuel has a moisture content of more than 50% water by mass. Firewood in 

Tiribogo had a moisture content ranging from 17–48%. High moisture reduces the 

efficiency and makes it harder to sustain a good secondary combustion. This is due to 



the expenditure of energy to drive off the water, slowing combustion and cooling the 

gases produced by pyrolysis. This could have resulted in the high firewood consumption 

figures as shown in table 4. 

Table 1: Average firewood use, distance to firewood collection point, in Tiribogo 

Home Average firewood 
use in kg per day 

Average moisture 
content (%) 

Distance to firewood 
source (km) 

H1 30 50 1.8 
H11 No record  9 
H13 No record  0.9 
H17 19 15 0.5 
H20 24 18 0.25 
H21 20 25 1 
H24 19 35 0.3 
H27 24 30 2 
H47 24 25 0.9 

 

Feedstock 

In Tiribogo, the amount and nature of feedstock available was used as the first driving 

factor to determine suitability of households; this factor was used to screen out 17 

householders from the 54 who were interviewed, see Table 5. Cattle and pigs are kept 

by a semi-zero-grazing system, in which they are grazed during the day, and penned at 

night for milking and security (figure 25-28). Penning of cattle and pigs on non-concrete 

floors results in manure drying up as well as mixing of manure with soil which is 

undesirable use in a biogas digester. However, few householders kept their pigs in sties 

with concrete floors (figure 27).  

 



      

Figure 8: Grazing in the field (by Tumwesige) Figure 9: Night stable (by Tumwesige) 

  

      

Figure 10: Pig sties (by Tumwesige)  Figure11: Un-managed manure (by Tumwesige) 

 

The amount and nature of feedstock plays a major role in the size of biogas digester 

required, the volume of water needed and the amount of biogas to be generated. The 

raw material for digestion must be conveniently accessed on a regular basis, for 

example 30 kg of cow manure and or 15 kg of vegetable waste per day [Smith et al., 

2011]. If the installation requires more feedstock every day than is available to the 

household, the digester will not perform effectively [Smith et al., 2011]. The quantity of 

organic waste produced each day,    (kg fresh weight day-1), was estimated as 

                    6 



where    is the live weight of the animal (t),   is the number of animals contributing to 

the digester, and   is the production of manure for each kg of live weight (kg manure) (t 

live weight)-1.  

 

The live weight of cows in Tiribogo was assumed [Nijaguna 2002] to be 180 kg (   = 

0.18 t cow-1). If cows were put out to graze during the day and penned only at night, the 

number of cows in the household was multiplied by 50%, as only ~50% manure was fed 

to the digester (  = 0.5 x number of cows kept in the household). The amount of manure 

produced by cows (  ) was assumed to be 90 kg (t live weight)-1 [Chen, 1983]. The live 

weight of pigs in Tiribogo was assumed to be 55 kg (   = 0.055 t pig-1). Again, if 

penned only at night, the number of pigs in the household was multiplied by 50% (  = 

0.5 x number of pigs kept in the household). The amount of manure produced (  ) was 

assumed to be 75 kg (t live weight)-1 [Chen, 1983]. Organic wastes other than cow and 

pig manure provide additional feedstock that was accounted for similarly. 

 

Potential biogas 

The potential biogas production from the organic waste available in the household was 

estimated using the approach outlined by Chen [1983]. The volume of CH4 produced, 

     (m
3 day-1), is given by  
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where    is the efficiency with which VS in the manure are decomposed (% VS 

decomposed);     is the proportion of CH4 produced when VS decompose (m3 CH4 (kg 

decomposing VS)-1); and    is the amount of VS in the feedstock (kg VS day-1).  

 

The amount of VS in the feedstock is given by 
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where    is the amount of manure (kg fresh weight day-1) and     is the proportion of 

VS in the manure (kg VS (t fresh weight manure)-1).  

 

The volume of biogas produced,         (m
3 day-1) is then given by 
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From table 6, eight households are able to generate over 30kg of organic waste, but 

H11 is in position to generate over 97kg of cow manure every day, and this is attributed 

to having more cows than the rest of the community. The table also shows nine 

householders being able to collect under 30kg of organic waste, with H2 collecting only 

22 kg; this volume of organic waste would not sustain the biogas digester for a 

household. Householders in Tiribogo collected water either from borehole or an open 

well. The volume of water needed to support the biogas digester by each household 

was estimated as two times the amount of feedstock available (Table 5).   

Table 2 Water needed and distance to water source in Tiribogo 

Home Water used before 
biogas (dm3) 

Extra water needed for 
biogas per day (dm3) 

Distance to water 
source (km) 

H1 300 60 > 1.62 
H11 120 120 > 1.62 
H13 60 60 0.61 
H17 80 80 0.35 
H20 80 80 0.03 
H21 120 60 0.1 
H24 80 80 0.48 
H27 120 80 0.26 
H47 180 90 0.27 

 

 



Selecting the size of digesters 

The digester volume, Vd (m
3), was determined by the chosen retention time, TR (days), 

and the daily volume of substrate (manure plus water) input, Vs (m
3 day-1). For a simple 

digester design, to ensure complete digestion, the retention time,   , should be at least 

40 days, [Price, 1981].  

                   10 

 

The ratio of the digester volume to the gasholder volume, Vg (m
3), is a major factor when 

designing a biogas digester. For a typical agricultural biogas plants, the ratio Vd : Vg is 

between 3:1 and 10:1, with the ratio most frequently being 5:1 - 6:1. 

The volume of the gas is therefore given by 
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Total volume required, Vt (m
3) is given by 
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If the retention time is 40 days, then this can be expressed in terms of the volume of 

substrate as  
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The estimated required digester sizes for the selected households are given in Table 6. 

 

  



Table 3: Householders with respective organic waste, water required estimated 
biogas and digester size in Tiribogo 

Householder code 

Quantity of 
organic waste (in 

kg) 

Water 
required 

(dm3) 

Estimate 
digester size 

(dm3) 
Estimated 

biogas (dm3) 

H1 46 92 7,360 1,960 
H2 22 66 3,520 1,000 
H5 24 72 3,840 960 
H6 24 72 3,860 1,120 

H10 26 78 4,160 1,240 
H11 97 290.4 15,488 4,312 
H13 48 144 7,680 2,240 
H15 40 120 6,400 1,760 
H16 28 84 4,480 1,200 
H17 54 162 8,640 2,280 
H20 42 126 6,720 1,720 
H21 28 84 4,480 1,200 
H24 38 114 6,080 1,640 
H26 26 78 4,160 1,080 
H27 54 162 8,640 2,440 
H28 24 72 3,840 1,120 
H47 43 129 6,880 2,510 

 

4.2 Flexible digester installation 

   

Figure 12: Tools and materials used (by Tumwesige) 

For purposes of this research, the 8 

m3 digester was installed in all the 

nine homes in Tiribogo to maintain a 

consistent experimental design and 

it had the capacity to match the 

household cooking requirement.  



  

 Figure 13: Cross section of the plug-flow digester (by Tumwesige)  

 

  



Table 4: List of material used as presented in figure 29 

Item Description 

Digester Bag 
Reinforced PVC, 0.85 kg/m2 (thickness) with standard flat 
dimensions: 6 x 2.6, Gas connection 1'' thread 

Inlet pipe Diameter - 110mm PVC pipe with a 1.5m length 

Outlet pipe Diameter - 110mm PVC pipe with a 1.5m length 

Fastening materials 30mm rubber strips from a car inner tube (8 m) and clamps 

Hose pipe 1/2'' hose pipe - 10m 

Funnel 1 piece 

Shovels For ground work 

Rope and pegs Thin ropes (50m) and pegs for marking ground works 

Measuring tape For measuring excavation works e.t.c 

Sand paper For rounding off inlet and outlet pipes 

 

4.2.1 Digging trenches  

From the cross sectional design (figure 30), ditches with vertical walls were dug, that 

were 10 m long, 1.2 m wide and 0.35 m deep from the of the bottom of the ditch (figure 

31). The corners and sides of the ditch were marked with pegs and rope. The ditch was 

excavated, putting the soil from the ditch around the edge of the ditch; this soil was 

used to make a small wall around the digester. The depth and width of the ditch was 

measured regularly at several places, in order to prevent digging too deep and too wide. 

Subsequently, the sides of the ditch were scraped off diagonally (figure 32) to achieve 

the required dimensions of the ditch. The gradient was approx. 45 degrees in order to 

prevent caving in. 

 

   
Figure 14: Ditch with vertical walls (by Tumwesige)  Figure 15: Complete ditch (by Tumwesige) 



Care was taken to ensure that the bottom and sides of the ditch did not have sharp 

rocks and roots sticking out. Rocks that could potentially damage the digester bag were 

removed. The ditch was completed and the digester bag was gently placed inside with 

the gas connection at the top (figure 33). The inlet pipe was placed as indicated in figure 

34. The digester inlet pipe is made of a 4 inch PVC pipe, 1.5m long; it was connected to 

the two elbows as shown in figure 34. The digester inlet pipe was placed into the 

digester inlet sleeve and wrapped with a rubber band. The inlet pipe was later 

supported by an old car tyre filled with soil.  

      
Figure 16: Digester in the ditch (by Tumwesige)  Figure 17: Inlet pipe (by Tumwesige)  

 

  
Figure 19: Outlet pipe (by Tumwesige)   

 

The digester outlet is made of the same 4 inch PVC pipe which is placed into the 

digester outlet sleeve and wrapped with a rubber band just like the inlet pipe. The gas 

Figure 18: Gas hose tube on the digester (by 
Tumwesige) 

 



hose tubes were mounted on the gas connector on the digester bags (as shown in 

figures 35-37) and it was taken inside the kitchen (see figure 38). 

 

                      
Figure 20: Hose tube on a gas connector (by Tumwesige) Figure 21: Gas pipe into the kitchen (by 
Tumwesige)  

 

All digesters in Tiribogo were installed with support from community members (figure 

40). The householders mixed the cow manure and other organic waste before the slurry 

was fed into the digester through a funnel. The digesters were fed until they were at 2/3 

of the digester capacity i.e. each household had to feed the digester with 20 x 250 dm3 

barrels of mixed manure to kick start the digester (figure 39, 41, 42 and 43). Each barrel 

is fed with 5 jerry cans of manure and 6-7 jerry cans of water. 

   
 Figure 22: Heaped manure (by Tumwesige)  Figure 23: Team present during installation (by 
Tumwesige) 

 



     
Figure 24: Manure in jerry cans      Figure 25: Mixing barrel Figure 26: Mixing  

 

The flexible tube digesters were sheltered by a light roof to avoid direct exposure to 

sunlight.  

 

4.3 Biogas use in Tiribogo 

After feeding the digesters the required amount of slurry, digesters were left for 21 days 

to allow gas to accumulate within the digester. The digester is strong enough to hold the 

body weight of a fully grown man after it is full of biogas (figure 44).  

     

Figure 27: Two adults on top of the digester (by Harroff) 



Biogas stoves were installed in a place without wind and the biogas was tested by 

lighting it (figure 45-47). Each household was given one stove.  

 

                    

Figure 28: Testing biogas (by Harroff )  Figure 29: Lighting the stove (by Harroff )  

 

             

Figure 30: Biogas is hot (Lauren)   

  

4.4 Installation and technical issues  

4.4.1 Sourcing flexible balloon digesters in Uganda  

Problem – Flexible balloon biogas digesters are not currently manufactured in Uganda, 

they were imported thus increasing the cost. 

Possible solutions include  

 Improved government tax incentives for renewable energies (send summary 

report including recommendations for facilitating uptake biogas digesters to 

government departments); 



 Institutional strengthening of rural financial institutions providing micro-financing 

for digesters (produce an information sheet aimed at rural financial institutions); 

 Encourage local manufacturing of biogas components (produce an information 

sheet aimed at manufacturing businesses); 

 Establish a revolving fund to provide financing specifically for digesters (access 

diverse funding sources); 

 Test application of new methodology developed in Cameroon to produce 

digesters by folding plastics – this is likely to produce digesters that are less 

robust and with a shorter life-span than prefabricated digesters, but may provide 

an important option for cheaper digesters. 

 

4.4.2 Damage of flexible tube by sharp objects 

Problem – The plastic in the tube can be pierced by sharp objects. 

Solution – During excavation of the ditch to hold the digester, remove any sharp objects 

(roots or stones) from the walls of the ditch. 

 

4.4.3 Manual handling of feedstock 

Problem - Feedstock is carried and mixed in a bucket or container before it is fed into 

the digester using a funnel to transfer the feedstock into the digester. This increases 

labour and the handling is a potential source of increased infection. 

Possible solutions – In fixed dome digesters, handling can be avoided if the digester is 

positioned close to the animal shed, and the animal waste is channeled directly into the 

digester. Consider use of similar approaches in a flexible tube digester. 

 

4.4.4 Gas pressure 

Problem - Flexible tube digesters have a constant volume, which means that the biogas 

produced has a variable pressure, depending on the volume of gas in the digester. After 

prolonged periods of cooking, the gas pressure can drop. The gas pressure and activity 



of the micro-organisms decomposing the organic waste are also more affected by 

changes ambient temperatures than in designs with better insulation, such as fixed 

dome digesters that are constructed underground. 

Solution – Apply weight to the balloon when the gas pressure drops. However, weights 

will easily damage the digester material (pvc) and the pressure is not uniformly 

distributed in the entire system.  Quantify the likely cooking time available from the 

digester each day so that a person cooking food is aware of the limitations in the 

amount of gas available before starting cooking. Consider insulating the digester. 

 

4.4.5 Gas Outlet 

Problem - The pipe that transports the gas from the digester to the kitchen can bend, 

leading to possible blockage of the gas line. 

Solution – Avoid bending the gas outlet pipe. An improved design might include a pipe 

that is resistant to bending at this point. 

 

4.4.6 Damage of flexible tube by UV light exposure 

Problem – The plastic in the tube can be degraded by prolonged exposure to UV light. 

Solution – Construct a shelter over the digester to protect it from sunlight. Shelters in 

Tiribogo were constructed from thin plastics as well as from a thatched wooden frame.  

 


