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Chapter 1: Biomass use in Sub-Saharan Africa 

1.1 Introduction 

There is a long history of energy use by humankind, beginning when fire from fuel wood 

was discovered for cooking, heating and scaring away wild animals [Sanchez, 2010]. 

Energy is critical for human development. It allows people to access a variety of 

essential and simple services which comprise health, drinking water, education, 

transport, communication [Sanchez, 2010]. Availability and use of energy have emerged 

as parameters reflecting economic and social development of nations throughout the 

world. Globally, 55% of the wood extracted from forests is for fuel, and fuel wood is 

responsible for 5% of global deforestation. 

 

In developing countries, around 2.6 billion people, of which over 600 million are in Sub-

Saharan Africa (SSA), depend on traditional biomass such as wood, charcoal, animal 

dung and agricultural residues as their basic cooking and heating fuel [Abraham et al, 

2007]. Energy services have a direct impact on transport, productivity, health, 

education, and communication. As a result, access to energy is highly linked to 

improved welfare, and human, environmental and economic development [IPCC, 2007]. 

Firewood and charcoal account for 74% of the total energy consumption in Africa, as 

compared to 37% in Asia and 25% in Latin America [Davidson, 1992]. Although the 

developed world has replaced these highly local polluting fuel sources with sources that 

cause less local pollution, such as liquefied petroleum gas and electricity, it is estimated 

that 50% of all households worldwide and 90% of all rural households continue to use 

biomass fuel as their main domestic source of energy [Bruce et al, 2000].  

 

Uganda’s energy sector is dependent on biomass; this contributes to over 91% of the 

total energy consumed in the country to meet basic energy needs for cooking and water 

heating. The traditional ways of using biomass are 80% wood, 6% charcoal and 5% 

agricultural waste [MEMD, 2008] Ministry of Energy and Mineral Development, Uganda 

(2008). Annual report 2009. Biomass is mostly burnt directly for cooking purposes and 



most of the methods being used today are inefficient, causing rapid dwindling of the 

biomass resource especially wood fuel. This practice has the added adverse impact of 

causing poor health conditions for users from indoor air impurities, for example, 

particulate matter (PM) and carbon monoxide (CO) emissions.  

 

Lack of access to clean and efficient energy in the household can impact health in many 

ways. The most important direct health impact is a result of air pollution brought about 

when solid fuels are burnt regularly indoors on simple stoves with open fire [WHO, 

2006; Singh and Sooch, 2004]. Globally, three billion people are exposed to biomass 

smoke in poorly ventilated rooms, making biomass smoke one of the most important 

sources of indoor air pollution [Barnes et al, 1994]. Poor household air quality is linked 

to pneumonia, lung cancer and chronic lung disease. It is estimated to result in 

approximately 1.2 million premature deaths annually [Ezzati et al., 2001]. It is linked to 

poverty, with poor people more likely than richer people to use fuels (animal dung, 

crops, wood and charcoal) in poorly ventilated kitchens that result in poor household air 

quality.  

 

Uganda being an agricultural country, large quantities of organic solid waste, for 

example from markets, cause problems with disposal as they degrade in landfills. 

Organic waste is disposed of by dumping, spreading on land or feeding to animals, 

[Bouallagui, 2005]. Inefficient solid waste management in developing countries remains 

a growing danger to community health and environmental quality [Diaz et al., 2007]. 

Rapid population growth in Uganda has increased the rate of solid waste generation 

over the last few years.  

 

Biogas technology is an integrated waste management system [Verstraete et al., 2005] 

that burns without soot and renewable (for as long as organic waste is supplied), 

naturally produced and under-utilized source of energy. Biogas is produced in an air 

tight tank (or tube) from a variety of substrates, such as animal manure, food waste, 



energy crops and industrial wastes. This is a multi-organism process in which the 

organic waste is converted mainly to a gaseous product composed of 50-70% methane 

(CH4) and 25-40% carbon dioxide (CO2) and traces of hydrogen sulfide, water vapor 

and ammonia [Igoni, 2007; Angelidaki et al., 2003].  

 

Further, biogas is produced mainly from raw materials that are locally available and can 

be harnessed in controllable, containable and useable quantities. In short, biogas 

energy production actually transforms a costly problem into a profitable solution. The 

use of biogas as a source of domestic energy in Uganda is relatively new although there 

have been a number of attempts in the past to introduce it [Kariko, 2011].  

The potential benefits to the household (and the broader environment) of a biogas 

digester include diversification of energy supply, provision of an organic fertilizer that is 

rich in crop-available nutrients, improved sanitation and indoor air quality, reduced 

eutrophication due to excessive nutrients in the water body from runoff from 

decomposing dumped organic wastes, greater rural district advancement prospects as it 

provides job opportunities [Rio and Burguillo, 2008; Vasudeo, 2005; Lantz et al., 2007]. 

In addition, by eliminating the daily task of firewood gathering, biogas technology has 

the potential to reduce the daily labour of women [Mwakaje, 2008]; however, this could 

be displaced by increased time spent carrying water, manure collection associated with 

management of the digester (table 19).  

 

Despite the high potential benefits, uptake of biogas digesters in SSA is small compared 

to other developing countries. A range of socioeconomic factors influence uptake 

[Walekhwa et al, 2009]. Digesters can have negative impacts, for example, the potential 

for pathogens harboured in the digester slurry to infect humans who handle it or eat 

crops fertilised by it [Yongabi et al, 2009; Brown, 2006]; the use of limited economic and 

material resources in installation of digesters [Amigun and von Blottnitz, 2009]; the 

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

undigested material that has been applied to soils, and possible leakage of CH4 before 



complete combustion to CO2, so increasing the global warming potential of the emitted 

gases [Rabezandrina, 1990].  

 

Biogas adoption has been limited by prohibitive initial investment costs [Karekezi, 2002] 

and accessibility of materials for construction of digesters that will not leak materials or 

gases [Rabezandrina, 1990]. Digesters must be designed to function efficiently in low 

rainfall conditions [Rabezandrina, 1990]. The amount of fuel produced must be sufficient 

to meet the needs of the households, and this depends on the availability of feedstock 

from human, animal and plant-sourced organic wastes [Rabezandrina, 1990]. The use 

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

community if digesters are to be adopted. Political measures may be needed to 

encourage adoption, including training and capacity building programmes, flexible 

financing mechanisms and dissemination strategies [Karekezi, 2002; Greben and 

Oelofse, 2009]. 

 

1.2 Geographical location of the study area   

1.2.1 Uganda  

Uganda is a SSA country, located in the eastern African region lying along the equator 

with 1o 00’N and 32o 00’E latitude and longitude respectively. It lies on a plateau with 

mountainous borders in the east and west, Lake Albert is the lowest point at 621m while 

Margherita peak is the highest point at 5,110 m above sea level. The climate varies 

greatly due to the elevation, but it is generally equatorial. The average daily temperature 

is around 27°C and the average nightly temperature is around 15°C. The northern part 

of the country is characterised by lowland, and is thus warmer and drier than other 

regions in the country and is prone to droughts. The south-east is highland and is 

significantly cooler. January and February are the hottest months with temperatures 

increasing to 28oC and 32oC in the south and north respectively 

[https://www.cia.gov/library/publications/the-world-factbook/geos/ug.html].  

https://www.cia.gov/library/publications/the-world-factbook/geos/ug.html


1.2.2 Tiribogo 

The digesters were installed in Muduuma Sub-County, Mpigi District, 36 km from 

Kampala along the Mityana highway. Tiribogo is 3km off the highway 

[http://www.getamap.net/maps/uganda/mubende/_muduuma/]. This is sufficiently close 

to Kampala to allow easy access for transporting samples to the lab, recharging battery 

packs for field analyses.  

 

1.3 Research objectives 

Digesters available in SSA are of 3 main types: flexible-balloon, floating-drum, and 

fixed-dome. The choice of design is a key determinant in the success of 

implementation; if it is too expensive, poor farmers will not risk making the investment; 

but if it is not robust and cannot be easily repaired, farmers do not see the long term 

benefits. Flexible-balloon installations are relatively cheap (30-100 US$), but are liable 

to damage (An et al, 1997).  

 

The objective of this study was to evaluate the appropriateness of the flexible balloon 

biogas digester as a waste treatment alternative for organic waste of households in rural 

areas of SSA. The engineering problems associated with technical implementation were 

documented and addressed; the biogas digesters should be affordable, use local 

materials where possible, and provide efficient biogas production and a fully digested 

safe organic fertiliser. The impacts on hazards imposed on the health of the household 

have been considered before and after installation by measuring indoor air quality and 

pathogen distribution in the environment. A simple model of the system has been 

developed that will help farmers to determine the value of a biogas digester to their 

household.  

Benefits and negative impacts of use of flexible balloon digesters 

Flexible balloon digesters produce biogas which can be used for cooking and lighting. A 

6 m³ family-sized biogas digester can convert the dung of three cows into enough 

biogas to provide 4 hours of cooking and 4 hours of lighting a day [Bos & Kombe, 2009].  

http://www.getamap.net/maps/uganda/mubende/_muduuma/


 

The dissemination of biogas use is said to reduce overall fuel wood and charcoal 

demand. Therefore, it allows those disadvantaged households, who most depend on 

traditional biomass energy, to continue to do so without the constraint of increasingly 

limited supplies. Uganda already has some examples of successful improved cookstove 

programs, which together with a national biogas initiative could partially mitigate the 

looming shortage of fuel supply in rural areas [Pandey et al., 2007]. Use of biogas 

technology significantly reduces the time spent on collecting fuelwood and cooking, 

thereby providing opportunities for women to earn additional income or participate in 

social activities.  

 

While animal manure is not methodically composted and integrated into farming 

practice in Uganda, biogas-digesters can act as collectors of under-utilized dung 

[Pandey et al., 2007].The residue of the fermentation process in the biogas digester, 

bio-slurry, retains all the nutrients in the manure [SAC/ADAS, 2007] and can thus be 

used as organic fertiliser to enhance agricultural productivity.  

 

Other benefits could be identified in the field of health and employment. In general, 

collection of animal manure improves hygiene and sanitation. Katuwal and Bohara, 

(2009) reported significant improvement in the health of the household members, 

because they were no longer affected by the particulate matter and carbon monoxide 

from either firewood or charcoal. Employment opportunities are created in fields of 

promotion, marketing, installation, construction, piping, and after sales services.  

 

Advantage 

 Inexpensive, 

 Quick to install, 

 Simple to maintain,  

 The bag walls are thin. Hence the digester content can be heated easily if 

external heat source is available e.g. sun. 

 



Risks involved 

Flexible balloon biogas digesters are susceptible to tear and gas leakages, easy to 

under-feed or overfeed, poor maintenance and insufficient after-sales services [Bos and 

Kombe, 2009]. Often the poorest households have not been involved in the biogas 

projects this is due to the fact that they lack the livestock that would be necessary for 

the feeding of the biogas digester. 

 

The high upfront investment and importation costs together with lack of credit facilities 

have prevented many rural families in Uganda from adopting biogas digesters [Pandey 

et al., 2007]. Inadequate water supply in many parts of the country has limited its wide 

adoption, as the digester needs a daily supply of water to feed it.  

 

The additional labour involved in collecting and mixing the feedstock is limited uptake of 

the technology, many farmers do not keep their livestock penned in one location.  Small 

scale farmers cannot gather adequate feedstock for their biogas digester; they lack the 

necessary number of livestock to ensure a steady generation of feedstock for biogas 

production [Karakezi, 2002]. As farmers have difficulties generating sufficient gas supply 

from their digester, they tend to continue using biomass for cooking, thereby limiting the 

environmental and health benefits that can be achieved through use of biogas. 

 

Disadvantage 

 Built for a warmer climate,  

 It has short life span (average 8 years), 

 It is easily damaged and hard to repair, 

 More labour required to remove the slurry and transport it to the field, 

 It is very hard to maintain a uniform temperature when there is fluctuation 

of temperature in the environment, 

 It is difficult to insulate.  

 



1.3.1 Specific objectives 

 Install flexible balloon biogas digesters;  

 Provide training to local people on installation of flexible-balloon biogas digesters;  

 Document engineering problems associated with technical implementation;  

 Measure pathogen distribution and household air quality before and after 

installation;  

 Complete a comprehensive time-management analysis to determine potential 

labour savings and improved designs of cooking equipment and farm layout;  

 Integrate results from measurements into a systems model.  

 


