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1 INTRODUCTION 

In Marsabit area, cooking is linked to finding firewood, cutting down and burning trees, 

producing ash and harmful gases, which are toxic to the environment and to human health. 

According to Environmental Social Impact Assessment report (Building and construction of 

low carbon, low cost houses in Marsabit town, July 2016), firewood and charcoal are the two 

most widely used energy sources used for cooking in the region. 

 

 

Figure 1 Distribution of energy sources according to ESIA report 

Firewood cutting leads to deforestation, soil erosion and pollution of the environment. These 

factors are harmful for the County and its fragile ecosystem, since the only forest that exists in 

the vicinity is a part of the Marsabit National Reserve. The forest there also acts as the only 

safe place for many species and sub-species of birds and reptiles, and cutting it down 

destabilizes the ecosystem in that area, possibly turning Marsabit and its surroundings into a 

wasteland. 

 

The County Government of Marsabit expressed its interest in investing in cheap and sustainable 

ways for biogas production that can alleviate poverty and keep the ecosystem untouched. The 

purpose of this report is to investigate the potential use of biogas derived from bio-waste and 

animal manure. Using natural processes, bio-waste can be converted into renewable gas and 

used as a heat source by the Marsabit County households. This would reduce the use of fossil 

fuels and could have agricultural applications, such as, for example, producing bio-fertilizers 

to replace artificial fertilizers. Costs and other benefits of using biogas as energy source are 

currently being analyzed. 

  



2 

 

2 BIOGAS  

Biogas is the product of organic material breakdown through anaerobic digestion. It can be 

collected and potentially used as an energy resource. Biogas is produced in an oxygen-free 

(anaerobic) environment as the result of activity of acid- and methane-forming bacteria that 

break down the organic material [1].  

 

In Marsabit, biogas can be produced from household organic waste and animal waste. The 

environmental advantages of using such waste to produce biogas include the reduction of waste 

and with it odors, flies, and pathogens as well as greenhouse gas emissions would decrease. 

Biogas, in turn, can be used for production of heat and electricity. 

 

The term “biogas digester” means a relatively simple system which is used to produce biogas. 

A biogas digester’s main part is a tank where bacteria consume organic waste and turn it into 

methane. Biogas digesters can be built either on a large scale, possibly supplying a whole block 

of flats with gas, or on a small scale, for 1-5 households. This report mainly deals with small-

scale biogas plants due to them being more practical under economic and social conditions of 

Marsabit.  

 

Biogas consists mostly of methane (CH4), carbon dioxide (CO2) and a little addition of 

nitrogen. These gases are created by decomposition of manure and other forms of organic waste 

[1]. 

 

The components of biogas and their ratio can be found in Table 1. 

 

Table 1 Typical components of biogas [2] 

Compound Formula % 

 

Methane  CH4 50-60 

Carbon-dioxide CO2 34-38 

Nitrogen N2 0-5 

Water H20 6 

Oxygen 02 0-1 

 

Large-scale biogas plants have large digester tanks of 25-100m³ with larger volumes of organic 

material. Large-scale anaerobic digesters have been mainly developed in industrialized 

countries and require experts for construction, operation and maintenance. They are cheaper to 

build (as per family cost), but very large amounts of bio-waste are needed to feed the plant 

daily. As the result, it is very difficult to manage and operate such systems. On the other hand, 

small biogas plants (size < 16 m³) are typically designed to be used by a single family, in which 

case the family is responsible for maintaining the system, which results in a more efficient 

operation of the plant [3]. Kitchen and garden waste can also be added and toilets can directly 

be linked to the reactor for co-treatment of excreta [4]. 
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2.1 Choosing a bio-gas plant 

There are some things that have to be taken into account before building a biogas plant: 

 

 Fuel need - Depends upon the number of people in the house. Usually, small bio-

digesters for a family of 4-5 people provide about 3 to 4 hours of cooking time per day. 

 

 Space – A factor affecting the type and size of biogas plant that is to be built. Usually 

16 m2 of open space are required for a family-size biogas plant. 

 

 Cost - The main factor affecting which type of biogas plant to choose. Building a 

permanent structure might be economically justified in the long run, but might not 

feasible to arrange due to lack of resources. 

 

 Maintenance – Bio digesters must be fed waste and monitored daily. They also may 

require some annual or time to time maintenance. The cost of replacement is mostly 

low, but some parts (e.g. polyethylene plastic tube) can be expensive and hard to obtain. 

 

 Materials used – A bio digester can work when fueled with almost all biodegradable 

waste, although different bio-waste has different gas production capacity. Water used 

to fuel the digester should be free of chemical and of neutral PH level [4]. 

2.2 Small scale biogas digesting systems 

There are three main types of biogas digesting systems suitable for Sub Saharan region: fixed 

dome, floating dome and, flexible balloon (Figure. 2).  

 

 

Figure 2 Three main types of biogas digesters [5] 
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Fixed dome biogas plants are usually masonry structures with closed, dome-shaped digester 

with an immovable, rigid gasholder and a displacement pit. Gas is captured in the upper part 

of the digester. When production starts, the slurry is moved into the compensating tank. Gas 

pressure increases the more gas is stored [6]. 

 

Floating dome systems are underground digesters with a moving gas holder. The gas holder 

floats on its own in the slurry. Gas congregates in the gas drum. The drum rises up when gas is 

produced, or moves down when it is consumed [7]. 

 

Flexible balloon system consists of a long narrow tank made of heat-sealed plastic or a rubber 

bag, which combines the digester and the gas holder. Biogas accumulates in the upper part of 

the balloon, and inlet and outlet are attached directly to its surface. When gas space is full, the 

plant works like a fixed-dome plant [8]. 

  

When it comes to small-scale household units, fixed dome systems are prevalent and can be 

found in multiple other countries. Nevertheless, a fixed dome biogas plant is capital intensive. 

This is why preference is given to flexible balloon systems, which come at a lower price 

because of the materials that are used (mostly polyethylene, which cannot be produced locally 

in Marsabit, but is substantially cheaper than other alternatives). 

 

Both fixed dome and floating dome units can be easily made out of locally obtainable materials 

by means of local workforce, whereas flexible balloon system, while coming at a smaller cost, 

can only be assembled locally, the materials have to come from elsewhere, and under 

supervision of a technician. If a flexible balloon type digester is adopted, materials needed are: 

plastic linings, acrylic tubing, irrigation pipes, polytetrafluoroethylene (Teflon) tape, 

adhesives, and sticker tapes. For a fixed dome digester, cement, mud bricks, sand and gravel 

are required. 

3 FIXED DOME BIOGAS PLANT 

A fixed dome biogas plant consists of the underground tank which provides an oxygen free 

(anaerobic) environment. Almost all types of bio-waste can be fed into such plant. Sludge that 

comes out of the plant after treatment is rich in bacteria and nutrients that are beneficial for 

crops, therefore making it a great agricultural fertilizer. Since human waste from toilet can be 

used in this biogas plant, this plant can be more efficient in comparison to other biogas plants. 

Usually, human waste, kitchen waste and almost all types of animal waste can be fed into this 

type of plant [9]. 

 

The quantity of feedstock and the amount of water available on the daily basis are the main 

factors that affect how big the final structure will be, so these aspects have to be considered 

very carefully before the construction of the plant begins. At least one trained and experienced 

supervisor is needed for the construction process. Design measurements should be strictly 

followed to ensure efficient and proper functioning of the plant [10]. Fixed dome biogas plant 

of 16 m³ layouts are shown below. 
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Figure 3 General layout of fixed dome biogas plant [11] 

 

 

Figure 4 Fixed dome biogas plant [12] 
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3.1 Construction process 

The process of constructing a fixed dome biogas plant is explained below in step by step format.  

 

1. Selection of construction material  

 

 Cement: Cement used for construction must be of high quality, fresh, without lumps 

and stored dry [13]. 

 

 Sand: Sand used for construction should be clean. Dirty sand negatively effects the 

strength of the structure and can cause cracks in it, which will allow the gas to escape 

from the plant. Coarse and granular sand is used for concrete work, while fine sand is 

used for plastering work. Usually, if sand contains 3% of impurities or more, it should 

be washed before being used for construction [13]. 

 

 Gravel: Particles size should not be bigger than 25% of the thickness of the final 

concrete product (if a product is 100 cm thick, then gravel no bigger than 25 cm in 

diameter should be used) [13].  

 

 Bricks: For the fixed dome biogas plant bricks should be of good quality. They should 

also be well baked and regular in shape. For better results, it is advised to soak the 

bricks in water for a few minutes before usage [13]. 

 

 Stone aggregates: River pebbles cannot be used as concrete aggregates as their 

surfaces are too smooth, and they don’t hold the cement. Broken granite stones are a 

better option [10]. 

 

 High density polyethylene (HDPE) pipe: A pipe is needed to connect the digester and 

the biogas burner. The pipe is placed above the ground. A strong and long lasting pipe 

is recommended [10]. 

 

 Valve for controlling gas flow: A 12.7 cm diameter valve is screwed onto the thread 

of the gas outlet pipe. A ball valve is better than other types of valves, as it can be made 

from a range of materials. PVC valves with nylon sealing rings are good, although they 

are fragile and easily broken. Metal valves, however, are more prone to leakages. Also, 

if a metal valve is knocked out, the gas outlet pipe in the top of the dome may become 

damaged, which would be difficult to fix. A broken plastic valve can be replaced easily 

[13] [10]. 

 

 Iron or steel pipe with welded brackets: A galvanized iron pipe is required, 1.3 cm 

in diameter, with the top end threaded. To either side of the pipe two steel wire pieces, 

300 mm long each, are welded about 30 mm from the bottom end. They will hold the 

gas outlet pipe in the top of the dome [10]. 

 

 Biogas stove: Biogas burning requires a special stove, as normal gas stoves are not 

suitable for that purpose [10]. 
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 Water: Water plays an important role in the proper functioning and construction of a 

biogas plant. Normal water can be used for the construction, however it is advised to 

use unchlorinated water as feedstock, because chlorine kills bacteria, which in turn 

results in less gas production [10]. 

 

  Pipe Brass Nipple: To link the galvanized pipe to the rubber hose it is possible to use 

a brass nipple with a spigot at one end and a pipe thread at the other. The spigot should 

be the same size as the biogas burner [10]. 

 

2. Determining plant size and selecting the site 

 

The first step in construction of the biogas plant is selecting the proper size of the digester. 

Usually it is estimated that one person needs 0.3 - 0.4 m³ of biogas to do enough cooking for 

one day. Selection of construction site after determining the size of the plant is the next step, 

and it greatly affects the cost of the biogas plant. The plant should be at least 10 meters away 

from wells or any other underground water sources to protect water from pollution [10] [14]. 

 

3. Plan layout and excavation of pit 

 

Once the site is selected, the land needs to be cleared of plants, and the shape laid out. The 

position of inlet and outlet tanks needs to be chosen too, ensuring there is enough room around 

them [10]. 

 

Figure 5 Layout for excavation pit [10] 

A wooden or metal peg is inserted into the soil at the center of the main digester pit. A rope is 

used to make a circular mark. The pit can be dug out either by machine or by hand. If a machine 

is available, the hole can be dug faster, but a rectangular pit will be made then instead of a 

circular one [Fig. 5] [Fig. 6] [10]. 
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Figure 6 Pit after the completion of excavation [10] 

 

4. Construction of the digester’s main chamber 

 

Constructing the digester starts with preparing concrete, with cobbles and gravel as aggregate 

material. Thickness of the foundation should be at least 15 cm or more. At the center of the pit, 

a strong rod or pipe should be placed vertically, as mentioned in the previous paragraph. This 

pipe will be used as a field expedient guide to ensure symmetry of the plant. The string or wire 

attached to the vertical pipe needs to have the length of the radius of the chamber, with 1 cm 

additionally added to allow space for plastering. Every brick laid in the round wall should be 

exactly “Radius + 1 cm” away from the vertical pipe. After deciding on the radius of the 

digester, wall construction process is initiated. It is important to place the first row of bricks on 

firm and leveled soil. To allow the mortar to cure properly, backfilling should be performed at 

least 12 hours after the bricks were placed. Backfilled soil between the wall and the pit side 

should be compacted with great care by adding water and gently flattening it around the 

circumference of the digester. If compaction is not done properly, cracks in the well and dome 

may appear [13]. 

 
5. Dome construction 

The dome should be installed after the round wall of the digester is complete. A mole or casting 

technique can be used for that purpose. It is typically accomplished by constructing a timber 

frame and then placing the earth-cast on top of it to ensure proper arch design. The timber 

frame and the leftover earth should be disassembled through the outlet chamber manhole once 

the dome is cast [14]. 

The earth of the mould has to be well compacted. After casting the dome, cracks may appear 

if earth undergoes further compression by its own weight and that of the concrete. A coating 

of fine sand should be spread on the mould-top when the earth mould has been shaped. It is 

done to prevent the earth from misshaping the cast. Dry earth shouldn’t be used for the mould, 

as it will soak up water from freshly cast concrete [14]. 
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Before starting the casting process, all construction materials like sand, gravel, cement and 

water should be collected on the site and ready for use. Casting process should be completed 

as quickly as possible and without any delays, as the quality of the cast will be undermined. A 

constant, adequate supply of concrete should be available. No concrete older than 30 minutes 

should be used. Thickness of the dome should be maintained while casting, i.e. thickness near 

the outer edge should be greater than the thickness in the centre [14]. 

Baked clay bricks can be used as an alternative to constructing the corbel-arch. The clay brick 

dome has to have a near-uniform thickness compared to the cast-concrete dome that thins 

towards the centre. A continuous application of mortar along the sand mould is necessary as 

the bricks are placed. Once the bricks for the dome have all been placed, the exterior is covered 

with plaster [14]. 

During casting, concrete needs to be protected against bright sunlight. It can be covered with 

wetted burlap, jute bags or straw mats. Such protection needs to be maintained for at least one 

week after casting. The next day after casting, a 36 cm square and 50 cm tall turret is made 

with brick and then plastered with concrete. Following the completion of the dome, the 

structure should be sprinkled with water 3 to 4 times a day during the curing period, which can 

last up to one week [14]. 

After the dome has cured, the timbers and earth of the mould should be removed and the inside 

of the dome cleaned with brush and clean water. On the clean surface of the dome interior, the 

following plaster coats should be applied subsequently to make the dome gas-tight: 

 Layer 1: Cement and water wash 1:1 

 Layer 2: 10 mm layer: 1 part cement, 2 parts sand 

 Layer 3: 5 mm layer: 1:1 cement to sand ratio 

 Layer 4: Cement/acrylic emulsion paint coating: 1.5 parts paint, 20 parts cement 

 Layer 5: Cement/acrylic emulsion paint coating: 1 part paint, 2 parts cement [14]. 

Drying time for each layer is 24 hours. When a layer is applied, the work must be executed 

with great care and without interruptions as the performance of the plant is dependent on the 

gas tightness of the dome [14]. 

To facilitate proper insulation during the cold season, a minimum top cover of 40 cm of 

compacted earth is required to be placed on the dome. It will also act as a counter weight against 

the gas pressure inside. If the top cover is being eroded by wind and rain, an appropriate level 

of gravel or straw matting protection should be applied [14]. 

6. Construction of the outlet chamber 

 

The outlet chamber excavation and construction of the digester vessel with manhole should all 

be completed simultaneously, as the digester vessel and the manhole will share a common 
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foundation. The manhole of the outlet chamber should be located near the digester wall. 

Excavation depth should be less than the digester vessel’s height measured from the top of 

digester. The earth behind the manhole and under the outlet floor should be well compacted 

again as a precaution from cracks in outlet chamber walls [15]. 

 

To determine the useful capacity of the gasholder and the height of the outlet chamber, measure 

the overflow level and add 15 cm. The outlet floor and the top of the walls should be of the 

same level. The walls should be finished with a smooth layer of cement/plaster mix. Outside 

walls will be filled up to the overflow level to avoid cracks and supported with compacted 

earth. The outlet chamber walls should be elevated compared to the surrounding ground, to 

prevent surface waters entering the outlet during the rainy season [15]. 

 

Concrete slabs for the outlet chamber should be constructed at the same time as the dome, as it 

would be easy to make some additional concrete at that stage. Before being placed on the outlet, 

slabs have to be given enough time to cure well. Slabs need to be 8 cm thick, with proper 

reinforcements (3 cm re-bars would do) on the bottom side. The amount of slabs should be 

designed so that they can be handled by four men. To ease the occasional handling of slabs, re-

bar loop handles may be attached [15]. 

 

For slab cast preparation a smoothed, clean sand base and lumber are required to be used for 

the frame. Careless setting of the slabs may result in the appearance of small holes, which will 

in turn expose steel reinforcements to corrosive vapors from the slurry in the outlet chamber. 

This may subsequently shorten the slab’s operational time span. To prevent this, holes should 

be filled with a layer of plaster. Outlet cover slabs ensure that people and animals are protected 

from falling inside the tank and excessive evaporation of the slurry in dry season doesn’t take 

place [15]. 

 

7. Construction of inlet tank 

 

 The inlet tank is used to mix substrate and water. It can be constructed with or without a mixing 

device, however using a mixer device makes plant operation easier and improves the quality 

of the mix. For optimal performance, the mixer has to be firmly attached to the structure, in a 

way that allow ease of operation. Steel parts that come in contact with the substrate should be 

galvanized [15]. 

 

The height of the structure measured from the top should not surpass one meter above the 

ground level, and a smooth layer of plaster has to be applied both inside and outside of the 

tank. The ready inlet tank bottom has to be at least 5 cm higher that the outlet chamber overflow 

level. The inlet pipe should be straight, and constructed in such way that the digester vessel can 

be reached with a rod or a pole without obstructions. This will allow the operator to clean the 

inlet pipe from the inside during maintenance. The inlet pit should be round in shape to ease 

the mixing process [15]. 

 

For plants that receive feedstock from toilets, a cleanout valve has to be installed between the 

water-trap and the digester. The toilet inlet pipe should enter the digester at a sharp angle less 

than 45 degrees measured from the centerline of the main inlet pipe. Additionally, if the toilet 

pan is connected, its level should be at least 25 cm higher than the outlet overflow level is [15]. 
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8. Pipeline layout 

 

 Gas pipe channeling biogas from the plant to the end user is subject to accidental damage by 

people, domestic animals and rodents. Thus, light quality galvanized iron pipes should 

preferably be used, and it is advised to bury them at least 30 cm below the ground. Pipeline 

fittings should be sealed with jute and paint, or any sealing agent, except grease, paint (used 

alone), soap and anything else that provides unreliable and temporary protection. Minimizing 

the amount of fittings, especially unions, is advised to decrease the chances of leakage. Fittings 

cannot be placed between the main gas valve and the dome gas pipe [15]. 

 

Inside diameter of the pipe should be between 10 and 20 cm. Pipe size is determined depending 

on the size of the digester and the amount of gas required in the house [15]. 

 

Biogas generated by the digester is saturated with water molecules, which can condense on the 

walls of the pipeline. Condensate has to be removed regularly, otherwise it can ultimately clog 

the pipeline. For collection purposes a water drain can to be installed in the pipeline. It should 

be vertically positioned below the lowest point of the pipeline, so that water is pushed out by 

gravity. Upon accumulation water can be removed by opening the drain. Drain should be easily 

accessible, well protected and frequently maintained [15]. 

 

Burners can be connected to gas pipelines with neoprene or rubber hoses. Other biogas 

appliances should be connected directly to the galvanized iron pipe. As soon as gas production 

starts, all joints and taps need to be leakage-checked by applying a thick soap solution and 

searching for bubbles and movement [15]. 

 

9. Gas outlet pipe 

 

 Installation process of the gas outlet pipe is given below: 

 Gas outlet pipe has to be connected to the outgoing biogas valve. 

 Ball valves or cock valves are preferred. All gas appliances should be provided with 

them as shutoff devices. 

 Sealed T-joints should be connected before and after the main valve, for separate 

checking of the digester and the piping system for gas-tightness. 

 Gas escape valve is made from three pieces of PVC pipes. One arm of this joint needs 

to be attached to the gas outlet, and the other needs to be linked to the kitchen pipe. The 

third arm of the T-joint is inserted into a plastic bottle. Water is then added to the depth 

of 40 - 50 mm above the lower point of the joint. Sides of the bottle are then punctured 

with small holes. The height of each indentation is equal to the desired level of pressure 

to be maintained. 

 The piping system connects the biogas plant to gas appliances or to a gas reservoir. 

 If a gas reservoir is used, it is typically made of plastic or steel. 

 The piping system should be made of steel or PVC pipes. However it should be noted 

that PVC pipes are UV radiation sensitive, and can easily become damaged. It is 

therefore advised that they should be placed on a sand bed, covered with sand or fine 

earth and buried underground, at least 25 cm deep. If the site is located in an area with 

high sunlight intensity, steel pipes are the preferred option. 

 If there are twists and turns in the indoor piping system, a heavy-duty ply hose with a 

diameter of at least 13 mm should be used. If used outdoors, such system should be 

protected from extreme sunlight exposure [15]. 
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10. Outlet Pipe 

 

Reinforced concrete pipe of 200 mm (minimum) diameter should be used, and it needs to be 

inclined at 58% with respect to digester wall. The upper end of the pipe should be leveled with 

the auxiliary chamber to allow slurry to go back when the pressure drops. Outlet pipe also has 

to be sealed [15]. 

 

11. Outlet tank 

 

Outlet tank chamber needs to be made of concrete with smooth finish. Steel reinforcements can 

be used. The overflow should be at least 100 mm lower than the bottom surface of the gas 

chamber. Excavation depth should be more than the inner depth of outlet, the thickness of 

plaster plus and the thickness of flooring from the ground level combined. When excavated at 

this depth, the top level of flooring would exactly reach the top of the manhole [13] [15]. 

 

12. Ground water drainage 

 

If there is water seeping from the bottom of excavation pit, a drainage system should be 

constructed. A simple drain around the perimeter of the plant would be sufficient for that 

purpose [15]. 

 

13. Launching the biogas plant 
 

Before launch, the plant needs to be filled with a mixture of fresh animal dung, mixed water at 

1:1 ratio. Fixed dome plants are typically designed to have the retention time of 50 days, so 50 

times the daily feed is required to be fed in the beginning. A plant that produces 2 m3 of gas 

per day plant needs 50 kg of dung daily, so for initial feed 2.5 tons of material will be required. 

Plant users should be advised to collect dung in advance, starting immediately as soon as the 

decision to build a biogas plant is made. While stored, dung should be kept moist and sheltered 

from sun. Once the complete installation has occurred, dung is to be mixed 1:1 with water and 

fed to the plant as stated before. The water used should ideally come from an irrigation canal 

or from a ground water supply, unless local tap water is not treated with chlorine, which acts 

as a disinfectant and kills the microbes that enable gas production [10]. 

 

When slurry reaches the level of the top of the outlet pit (the floor of the reservoir tank) it 

means that the tank is full, and it should be left to generate biogas, which will take some days. 

To facilitate gas movement, the main gas valve is left open for several days. The rubber pipe 

leading to the burner can then be connected. The gas should be allowed to collect for another 

day and then used to flush air out of the gas pipe. Some days later, gas can be tested to see if it 

will burn in the biogas burner. If it burns badly, waiting for some more time is advised, until 

better quality gas starts being generated. Once the gas produced is of satisfactory quality, the 

plant is presumed to be in full operation and daily feeding can begin [10]. 

3.2 Operation and maintenance of biogas plant  

Prior to feeding the plant, interior of the digester has to be cleaned, and the whole system 

checked to ensure airtightness. The plant operator has to make sure that the materials listed 

below are not fed in the digester, as they will interfere with the functioning of bacteria. Presence 

of these materials may cause biogas production to decrease or stop completely: 
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1. Soil, sand and stones 

2. Tree branches or plants 

3. Soap and detergent solutions, cleaning chemicals, antiseptic products, paint and 

rainwater [15]. 

 

 Operation of bio digester: If the amount of biogas is insufficient for cooking, a ribbon 

of rubber can be used to tie across the reservoir in attempt to maximize pressure inside 

the gas holder. After cooking, rubber needs to be removed from the reservoir so that 

new biogas can be allowed to collect. If the gas holder looks loose, pipelines and the 

gas holder system need to be checked immediately for fear that they are bent or 

clogged. Another reason can be that control water in the bottle, safety valve or siphon 

inlets could be empty. If so, appropriate measures have to be taken [15].  

 

 Substrate pumping: Pumps should be used, if the substrate requires fast movement or 

mixing, but the force of gravity cannot be used for reasons of topography, feedstock 

characteristics or else. Centrifugal pumps for liquid substrate, rotary pumps for 

substrate of 8% solid content or less and positive displacement pumps for substrate 

with higher solid content need to be used. The delivery lines for pumps can be made 

from steel, PVC, PE or flexible pressure tubing made of hardened plastic or rubber 

[15]. 

 

 Sludge management: To use the digested slurry as a fertilizer, it should either be spread 

on the fields before the beginning of vegetation period or further conditioned. For 

conditioning, sludge should be averted to a special facility where the solid component 

is separated and sun-dried, while the liquid part is aerated to oxidize the toxic 

component [15]. 

3.3 Safety considerations 

The digester’s inner wall should be carefully checked for cracks, gaps and air tightness using 

a wooden hammer. If a hollow sound is heard at a certain place, then the plastering is likely to 

have warped. Walls should be checked for leak traces by spreading some cement powder over 

the surface. If there’s a wet spot or a wet line, it proves that there is a leak [15]. 

 

Water mark check: To check for leaks, the digester should be filled with water up to the level 

of inlet and outlet pipes, and allowed to set for 3-5 hours until the walls are saturated with 

water. Water level should be marked, and check again the next day. If a significant drop in 

water level can be seen (more than 10 cm), it is as an indication that there are leaks or cracks 

[15]. 

 

Gas-tightness check: After the water mark test, it is advised to perform gas-tightness test too. 

The first step is to close and seal the manhole and gas valves. Then water is supplied through 

the inlet to increase the air pressure inside the digester up to 0.4 m of water column (similarly, 

air may be blown into the digester up to the same pressure). In 24 hours pressure levels should 

be checked. If the pressure difference is about 10 - 20 mm, the digester is gas tight, but if it’s 

closer to 50 mm or more, then it isn’t [15]. 
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3.4 Advantages and disadvantages  

Advantages: Low initial costs and long useful life-span; no moving or rusting parts that 

require replacement; basic design is compact, saves space and is well insulated; construction 

creates local employment [13] [14] [15]. 

Disadvantages: Masonry gas-holders require special sealants and high technical skills for gas-

tight construction; gas leaks occur quite frequently; fluctuating gas pressure complicates gas 

utilization; the amount of gas produced is not immediately visible; plant operation is not easily 

understandable; fixed dome plants need exact planning of levels; excavation can be difficult 

and expensive in bedrock [13] [14] [15]. 

 

4 FLOATING DOME BIOGAS PLANT 

The floating dome biogas plant is typically designed to be fed with 2 - 10 kg of food waste per 

day, according to the availability of kitchen waste. It is comprised of two standard high density 

polyethylene water storage tanks and a standard plumber piping system. The upper parts of 

both tanks are cut off, and the smaller one is placed bottom-up inside the larger one [16]. 

 

  
 

Figure 7 A single-family bio gas tank model [17] 

 

As the gas is formed, it is captured in the inverted tank, which then “floats” above water and 

feedstock slurry. Digester tanks can be constructed of cement and bricks with a high density 

polyethylene tank as a gas holder, if a higher level of durability is needed. Examples of 
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productivity of different tanks can be found in the Table 2 down below. In a floating dome 

system, slurry flows down the inlet pipe and enters the bottom of the digester where there is a 

layer of solid residue on the bottom and a layer of fermented liquid above that [16]. 

 

Advantages of the floating drum digester are that it is easily managed, and its operator can 

easily estimate whether the digester works correctly, due to the dome rising and falling with 

higher and lower gas pressure [16].  

 

Disadvantages of the floating drum digester are that the steel drum (if used) is relatively 

expensive and requires frequent maintenance. In addition, the gas holder is rather unstable, so 

it can tilt causing leakage. The operational life of a floating drum digester is 5-10 years, 

compared to 30 years for a fixed dome plant [16]. 

Table 2 Table with data about different sizes of floating dome biogas plants [18] 

Description 1500 l (1.5m²) 1000 l (1 m²) 

Maximum food waste: 6-8 kg 4-5 kg 

Gas production capacity: ~450 g LPG equivalent per 

day 

~300 g LPG equivalent per 

day 

Space required: 3m² open to sunlight 2m² open to sunlight 

Water required: 30-35 lit/day 20-30 lit/ day 

Labor required 30 min/day 30 min/day 

4.1 Materials required 

The availability of materials required to build this floating dome biogas is quite good. The 

materials are listed below: 

 

 1st 1500 liter Black colored molded plastic tank (Size can be customized) 

 2nd 1000 liter Black colored molded plastic tank (Size can be customized) 

 90 mm PVC T-joint, 1 piece 

 90 mm PVC female adapter, 1 piece 

 90 mm PVC male adapter, 2 pieces 

 90 mm PVC cap, 1 piece 

 2 meter long 90 millimeter diameter PVC pipe, 1 piece 

 63 mm elbow, 1 piece 

 60 mm PVC male adapter, 2 pieces 

 60 mm PVC check nut, 1 piece 

 90 centimeter long 63 mm PVC pipe 

 12.5 mm PVC mail adapter, 1 piece 

 12.5 mm iron elbow 

 Biogas Stove 

 50 mm diameter PVC valve 

 Tools 

 90 mm barrel piece 

 63 mm barrel piece 

 50  mm barrel piece 

 12.5 mm barrel piece [17] 
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4.2 Step-by-step manual to making a floating drum plant 

 

1. First, take 1500 l and 1000 l tanks and remove the top partition of the bigger tank by 

cutting with a hack blade (as previously mentioned, tank sizes may differ according to 

the need). 

 

 

Figure 8 Cutting the top portion of the tank [19] 

 

2. Make a 63 mm hole for the outlet at the top of the tank. 

 

 

Figure 9 63 mm hole for the outlet [19] 

3. Now make a 75 mm hole for the inlet near the base of the tank, opposite to the outlet. 
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Figure 10 75 mm hole for inlet near the base [19] 

1. Cut the gas holder tank.  

 

Figure 11 Gas holder tank after cutting top portion [19] 

4. Make an inlet pipe connection. 
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Figure 12 Inlet pipe connection [19] 

5. Make a 1.3 cm hole in the top of the gas holder tank near the edge to install the adapter. 

 

Figure 13 Gas flow adapter [19] 

 7. Fill the digester tank with cattle dung water. 

 8. Place the gas holder tank upside down inside the digester tank [19]. 
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5 FLEXIBLE BALLOON BIOGAS PLANT  

Flexible balloon biogas plant (Figure 14) is a sealed cylindrical structure the main part of which 

is a sturdy polyethylene bag with an inlet for organic material and an outlet for expelling 

fermented matter. The unit is filled with two ‘phases’: a liquid phase and a gas phase. The 

liquid, also called ‘effluent’, is a 4:1 mixture of water and manure that comprises about 75% 

of the total volume of the unit. The gas phase consists of biogas and fills up the remaining 25%. 

There is also a gas outlet positioned on the upper outer side of the tank that channels methane 

out of the unit [20]. 

 

 

Figure 14 Flexible Polyethylene Tube Digester [21] 

5.1 Construction process  

Construction of this biogas plant is relatively cheap and easy compared to the fixed dome 

biogas plant (list materials can be found in Table 3). It can be built by local people with the 

help of instructions by an experts. Step-by-step process of flexible balloon biogas plant 

construction is given below: 

Table 3 List of items required to install the biogas digester (This material are for 8m³ 

Digester) [22] 

Item Description 

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

Gas connection 2.5 cm thread 

Inlet pipe Diameter – 110 mm PVC pipe with 1.5 m length 

Outlet pipe Diameter – 110 mm PVC pipe with 1.5 m length 

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

Hose pipe 1.3 cm hose pipe – 10 m 

Funnel 1 piece 

Shovels For ground work 

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

Measuring tape For measuring excavation works etc. 

Sand paper For rounding off inlet and outlet pipes 
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1. Selecting the size of digesters: The volume required for the digesting slurry has to 

amount to at least 50 times the daily input (1 kg of input is usually presumed as 1 

liter). So for the production of 2 m3 biogas per day, and a daily input of 100 liters 

of slurry (50 kg dung + 50 l water), the required volume is at least 5000 liters (5 m3) 

[23]. 

 

2. Select the bag: Having determined the daily gas requirement and the digester’s 

volume, bag dimensions should be determined. Table 4 gives an indication of 

estimations for two different sizes of bags [20] [4]. 

Table 4 Digester bag measurements [23] 

Digester size 6 m³ 20 m³ 

Bag length 9 m 12.7 m 

Bag with 1.9 m 2.7 m 

 

3. Location selection: After selecting the size and type of bag, site must be selected. 

It should be large enough for the digester’s bag, the inlet and the outlet of the 

digester to settle comfortably, plus some more space is needed to walk around the 

construction site. Site should ideally be located as close as possible to the place 

where the gas is going to be used, so that long gas lines can be avoided. Water 

should be available at the site. Approximate space requirements are given in Table 

5 [23]. 

Table 5 Minimum digester space requirements [23]  

 

 

 

 

Figure 15 Basic layout for digester ditch [23] 

Digester size 6 m³ 20 m³ 

Space length 15 m 20 m 

Space width 4 m 5 m 
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4. Excavation: After selecting an appropriate location, a ditch is excavated for the 

digester bag to settle. Measurements examples are given in Table 6 [23]. 

 

When digging the ditch, it is important to leave space for inlet and outlet before and 

after the digester’s body (both approx. 2 meters). 

Table 6 Measurement of digester dich [23] 

Digester size 6 m³ 20 m³ 

Ditch base width 0.69 m 0.96 m 

Ditch base length 7.41 m 10.78 m 

Ditch base depth from ground level 0.28 m 0.36 m 

Full ditch width at ground level 1.24 m 1.68 m 

Full ditch length at ground level 7.97 m 11.50 m 

Wall height from ground level 0.21 m 0.31 m 

Wall top width 0.30 m 0.30 m 

Wall total width 0.72 m 0.93 m 

Ditch width at top level 1.66 m 2.31 m 

Ditch length at top level 8.38 m 12.13 m 

Ditch depth from top level 0.49 m 0.68 m 

Total length 9.28 m 13.18 m 

Total width 2.55 m 3.35 m 

 

             The ditch should be dug in two phases: 

 

 First, a vertical ditch with walls should be dug using the same dimensions 

as for the bottom of it. Marking the corners and sides of the ditch with 

pegs and rope should be the first step of excavation works. While digging, 

excess sand needs to be put far enough from the edge of the ditch, to where 

the walls will be made. The depth of the ditch should be regularly 

measured in different places in order to prevent over digging [23]. 

 

 

Figure 16 Excavation of a 6 m³ digester ditch [23] 
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 Secondly, sides of the ditch should be diagonally slanted, arriving at the 

eventual dimensions of the ditch. The angle should approximately equal 

45 degrees in order to prevent caving in [23]. 

 

5. Material preparation: Before the assembly, it is important to prepare different 

parts in advance. 

 

 Polyethylene film - Normally comes in rolls of e.g. 50 meters, which should 

then be unrolled and cut down to the required size. Next, two equal lengths 

of plastic are cut and one placed inside the other, to make a strengthened 

double layered bag. Then, this bag needs to be folded lengthwise to ensure 

trouble-free unfolding later, made into a roll and placed into another bag to 

ensure easy and safe transportation.   

Note: Plastic must be handled very carefully, not allowing it to be pierced 

by sharp objects lying around [20]. 

 

 Inlet and outlet baskets – Buckets obtained for this purpose can be new or 

used. The bottom of each bucket is cut out using a hacksaw blade and then 

inserted one into another to form one hollow cylinder. A plastic sheet or a 

bag is then cut and put through the set of 4 buckets to form a hollow, culvert-

like tube with impenetrable lining inside [20]. 

 

 Washers - Any hard plastic material such as an old plastic drum will suffice. 

A circle about 8 inches in diameter has to be drawn on the drum and then 

cut out with a hacksaw [20]. 

 

 Gaskets - To make the gaskets, old tire tubes and a pair of scissors will be 

needed. A suitably sized gasket is drawn upon the surface of the tire and 

then cut, with a safe margin of at least 2,5 cm of additional space around the 

circumference of the ring to adjust the size later. Two seals need to be made 

using this method [20]. 

 

6. Assembling the parts: Reminder: The sides and the bottom of the pit should be 

free of sharp rocks to preserve the digester bag’s functionality. If there are any 

pointy large rock in the ditch, fine sand can be used to cover them [20]. 

 

 Laying out the bag – Unroll the bag in the pit and unfold it with both ends 

positioned firmly in the grooves in the shorter sides of the ditch [20]. 
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Figure 17 Laying out of the plastic bag [20] 

 Installing the gas outlet – First, the area where the gas outlet will be located 

is marked. It should be at least 3 m from the end of the plastic tube, and in 

the center of what will be the top of the digester. Then, one washer and one 

rubber gasket are places on the male adaptor, and threaded through the inner 

side of the plastic bags to the location marked before. A hole in the plastic 

is made, cutting inside the adapter to avoid making the hole too big 

(otherwise gas leakages may occur). Then, the male adapter is pushed all 

the way through the layers of plastic until it protrudes on the outer side of 

the bag. After that the remaining washer and gasket are placed on the male 

adapter to firmly secure it to the female adapter. A wrench may be used for 

tightening if necessary. Next, a small piece of PVC piping is glued to the 

female adapter, right before an elbow is glued to the same place. Finally, a 

small protruding end is formed by gluing another piece of PVC piping to 

the other end of the elbow. The transparent hose is then connected to that 

end [20].  

 

Figure 18 Gas outlet after installation [20] 
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 Connecting the pressure release valve – The valve consists of the 

following parts:  

 

1. A 90o elbow 

2. One 2.5 cm PVC “T” joint 

3. One 2.5 cm PVC cap 

4. Three pieces of 2.5 cm PVC pipe, each 15 cm long 

5. One piece of 2.5 cm PVC pipe, 25.5 cm long [20] 

 

All parts are glued together, except for the 25.5 cm PVC pipe connected to 

the lower end of the “T”. An iron sponge for washing cutlery is inserted into 

the intersection of the “T” (this helps reduce the amount of H2S in the gas 

lines), and then the longer (25.5 cm) PVC pipe is connected over it. The 

other end of the assembled pipe is inserted into an empty plastic bottle (any 

generic water bottle can be used). The bottle is filled with water and its sides 

are punctured 10 cm above the end of the pipe to maintain a certain water 

level in the bottle. When too much pressure builds up in the unit, this system 

will serve as a release valve [20]. 

 

 

Figure 19 Pressure release valve [20] 

 Placing inlet and outlet buckets – Each end of the plastic balloon is pulled 

through a bucket ‘pipe’ made earlier and is then folded over the bucket’s 

sides. Plastic can be fixed in place by applying strips of bicycle tubes around 

the bucket and plastic [20]. 

 

 Filling the plastic tube with air and water [Fig. 20] – Before the digester 

can be launched, it needs to be checked for folds or wrinkles in the pit. To 

do so, one end of the digester is sealed with excess plastic and secured in 

place with strips of rubber tube. The other end of the bag is attached to a 

motorized blower and sealed, so that air doesn’t escape. Air is blown into 

the tube then. Next, the tube used to fill the bag with air is removed, and a 
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water hose is installed in its stead. The digester needs to be filled with water 

up to 60% - 75% of its total capacity. After that plant is ready to be used as 

soon as the plastic ends are folded back over the bucket ‘pipes’ [20]. 

 

It may be necessary to alter the angles of the inlet and outlet tubes so their 

bottoms are well below the water level, and fluid can easily flow out of the 

digester. Bucket bottoms should be at the same level, but the inlet bucket 

should be tilted at a bit sharper angle than the outlet one [20]. 

 

 

Figure 20 Filling up the plastic tube with air [20] 

7. Connecting the unit to houses: The digester will start biogas production depending 

on the ambient air temperature and on the feeding program. The process takes 

around 35 days on average, after the initial feeding was done. When it happens, it 

is important to open the release valve and completely deflate the unit, to ensure that 

all air pumped in during the installation phase is purged out. After the bag has been 

completely deflated, the release valve can be closed again. In about 2 weeks the bag 

will fully inflate again and the gas will be ready for use [20].  

 

To connect the pipes that will take biogas to the kitchen, the following parts are 

required:  

 

 2.5 cm ball valves, 2.5 cm long  

 PVC pipes (determined by the distance to kitchen)  

 PVC glue  

 2.5 cm elbows and tees [20] 

 

First, a ball valve has to be glued to the open end of the release valve, and another 

piece of PVC pipe attached at the other end. All pipes are to be connected to this 

elbow, until the line reaches its destination point (the kitchen). Then a regulator 

valve, to which the stove connections will be attached, must be constructed. When 
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ready, the stove might require upgrading by removing some of the piping that can 

get in the way of the biogas flow. Depending on the stove, a piece of 1.6 cm copper 

tubing can be attached to the burner to facilitate pressure increase of the gas flow. 

Once the copper tubing is fixed in place, the other end can be connected to the 

transparent hose. Another end of the hose is then attached to the ball valve. If 

transparent hoses are not available, pieces of regular garden hose can be utilised. 

The stove is now all set. The last step is to connect the PVC pipes connecting the 

bio-digester unit to the other elbow of the regulator valve. Biogas will flow into the 

regulator valve before going to the stove through 1.3 cm ball valves [20]. 

 

 

Figure 21 Connecting the unit to the houses [20] 

 

8. Testing the stove: It can take some time for the gas to reach the stove. The ball 

valves will act as gas flow regulators. Flame must have a clear blue color. If in the 

beginning the flame is constantly going out, it could mean that the unit still has 

some air left in it and it may need to be let out [20]. 

5.2 Operation and maintenance of the bio-digester 

The life time of the flexible balloon digester is around 10 years, if maintained 

properly. It is very important to build a roof with a resistant coating (e.g. zinc), 

leaves or other materials to protect the bag from the sun. Other measures can be 

taken as well. For example, it is possible to build a fence around the plant to 

protect it from animals [20]. 

 

Daily maintenance should be done as well. It is very important to: 

 Feed the bio-digester with the manure+water mixture every day. 

 Clean off any material from the bag and around it and check for damage 

 Check the pressure release valve [20] 

 

Also, periodic maintenance must be done correctly: 

 

 Checking the pipes for damage 
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 Checking the hoses for leakages 

 The release valve and the metal sponge should be replaced every 3 month 

at least [20] 

6 POTENTIAL HAZARD OF SMALL SCALE BIOGAS DIGESTERS 

Despite the high potential benefits, the adoption of biogas digesters could lead to possible 

negative impacts, as enlisted below:  

 

 Plants may become a reproduction vector for pathogens harbored in the slurry, risking 

infecting humans who handle it or eat crops fertilized with it, prior to proper treatment. 

 The potential for water pollution through losses from faulty digesters or from runoff of 

undigested material that has been applied to soil could be relatively high. 

 Leakage of methane before its complete thermal degradation to CO2 is possible, with 

subsequent increase of the global warming potential of the emitted gases. 

 Relatively high initial investment costs. 

 Materials for construction of digesters that will not leak might not be available. 

 The use of the fuel produced and the digested product should be socially acceptable to 

the rural community, if digesters are to be adopted [24]. 

 

In order to alleviate these risks, a further investigation should be encouraged, that would cover 

the following aspects: engineering, agriculture, biology, social science, economics and 

systems-modelling expertise of such project. Engineering expertise is crucial to come up with 

a fitting system, crafted out of local materials and designed with due regard for economic 

conditions of the area. The flexible balloon solutions are relatively cheap but have low level of 

endurance. Floating drum and fixed dome digesters on the other hand, are more expensive but 

are much more resilient. Biological and agricultural expertise is important to identify the 

microflora and nutritional value of the slurry, and determine the subsequent yields in crops, if 

the slurry were to be applied. Social science expertise is needed to investigate all possible 

habitual downsides and cultural incompatibility with the technology. Economic expertise is 

required too, since this technology requires constant economical investments which might or 

might not become a burden for owners. Systems-modelling will evaluate the possible returns 

per household from fuel and other by-products of the process [5]. 

 

If the net result of the expertise will be negative than it is suggested to abolish the idea of using 

biogas digesters in favor of either solar cookers or electrical stoves. 

 

One more factor that should be considered in advance is the daily labor input that is required 

for the biogas systems to function properly. Daily checking and supervision, collection of 

animals’ dung and mixing it with water etc. are time consuming activities. The biogas 

technologies need predetermined amounts of feedstock to run smoothly, otherwise they will 

not be effective. There is a risk that all these duties will lie on the shoulders of hardworking 

and already busy with other household chores - women. If, despite all this, the system will be 

implemented, it is strongly recommended to hold seminars in the community that would help 

to divide the duties equally between women and men. 

 

If biogas is implemented successfully, the following benefits can be gained: 
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Energy benefits  

 Provides cooking, heating and lighting fuel  

 Households become ash- and toxic gas-free, which helps improve the health of 

inhabitants [25]. 

 

 Environmental and social benefits  

 Significantly reduces carbon dioxide emissions and firewood demand.  

 Sludge can be used as a fertilizer to increase yields and therefore farm incomes. 

 Methane release is mitigated.  

 Using biogas as a cooking fuel can alleviate some of the household chores imposed 

upon young children and provide them with enough time to attend school. 

 Manure and waste are kept in a confined area [25].  

Economic benefits  

 Cheaper source of cooking energy (a 2 m3 biogas plant can provide a monthly fuel 

equivalent of 26 kg of LPG (Liquid petroleum gas), or 37 l of kerosene, or 88 kg of 

charcoal, or 210 kg of firewood)  

 Jobs places are created (builders and technicians) 

 Spending money on buying fuel is no longer required 

 Energy supply becomes more stable [25] [26]. 

7 CONCLUSION 

Renewable energy and biogas are becoming more and more popular and widely used all 

around the world. Although biogas as a technology is not new to Africa, in some regions 

it is more underdeveloped because of the area’s economic status and low public level of 

awareness of renewable energy in general. This report provides an introduction to the 

construction manual for different biogas plants that are suitable for Marsabit. Variations 

are outlined along with the amounts of materials required, and due regard for the level of 

technological and economic progress of the County. Biogas technology provides multiple 

benefits including energy, environment and agriculture fields. Although biogas can be 

used as a source of heat, electricity, vehicle fuel etc., this report emphasizes on its 

application in cooking and the use of biogas production’s by-product as a fertilizer. 

 

Marsabit has been suffering from the problem of using firewood as cooking fuel for 

decades. The County is currently dealing with one of the negative outcomes of this 

problem: deforestation. Biogas has the potential to solve this existing problem. The health 

of women working in the kitchen will improve significantly with the use of biogas, since 

their exposure to harmful gases would be diminished. Another positive side-effect is that 

women will be free to use the time that they previously spent on collecting firewood on 

other activities such as studying, working etc. that will uplift the current economic and 

social status of people in Marsabit. 
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