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ABSTRACT 

The system development is being motivated by the need to reduce pressure on the 

forests and high electricity tariffs. A good number of urban households using electricity 

for lighting (33.5%), the low percentage of the same households using it for cooking 

(6.3%) implies that some households have electricity connected to the houses but do not 

use it as the main source of energy for cooking. If the biogas project is scaled up, it 

could allow Ugandans who live too far from the power grid to generate their own 

energy. The new sources of energy such as biogas are still poorly developed. 

The methane control and monitoring system for a biogas digester composed of one 

microcontroller that controls when to turn on and turning off of the heater, the motors, 

pump, and other components depending on the user input and the current temperature in 

order to obtain the desired methane level. 

The heater and the pump are off while the system is running normally at normal 

temperatures.  

The heater, motor and the pump are turned on automatically when the user input is not 

reached and when temperature is below 40 and when the user input is reached, the heater 

the pump and motor are turned off when user input is reached. The motor representing the 

pump are turned on automatically when the user input is not reached and when 

temperature is above 40, the pump and the motors are turned off when user input is 

reached.  

For purposes of demonstration, a simple biogas digester has been designed which shows 

how the users can use the system.  
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CHAPTER ONE 

INTRODUCTION 

1.0 BACKGROUND 

Biogas is a type of gas produced by the breakdown of organic matter. Methane constitutes 

the combustible portion of biogas. Examples of waste that produces biogas include human 

excreta, manure, animal slurry, fruit and vegetable waste, meat packing waste, dairy 

factory waste, brewery, distillery waste. Biogas is the source of domestic energy for both 

rural and urban areas in Uganda. This energy can be used as a fuel for cooking and 

electricity generation.   

A biogas digester is a tank where organic waste is converted to methane gas by bacteria. 

The organic waste is put in the biogas digester. These organic materials are subsequently 

fermented in the digester. The fermentation process requires appropriate temperature. The 

digester is airtight with a pipe connection. The digester has to be filled with a required 

quantity of waste every day depending on how often the gas is used and the energy 

required by the user. The gas pipe is connected to the kitchen fireplace through connection 

pipes or a gas storage container. The combustion of this biogas has very little odour or 

smoke. These systems are easy to operate but less effective in terms of biogas production. 

In 2010, the Uganda Domestic Biogas Programme (UDBP) made interviews by visiting 

all owners of biogas digesters within three research areas Kapchorwa district, Mukono 

district, Mbarara district. In every village, 15 to 20 household biogas digesters were 

interviewed on how the biogas digester was working. They observed some negative 

experiences with biogas. People still used the electricity for electronics like radio, 

Television, the fridge, also firewood, charcoal and paraffin were still used, the gas was 

only enough for one stove, on big occasions they didn’t use the biogas at all, sometimes 

the light bulbs were dim. This was because biogas could not provide all energy needs. On 

top of that, small-scale farmers have often not been able to get sufficient feedstock for 

their biogas digester, because they lacked the necessary livestock to ensure a steady 

generation of biogas for lighting and cooking (Karakezi, 2002). As farmers have 
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difficulties generating sufficient gas supply from their digester, they often continue to use 

charcoal and firewood for cooking as well paraffin, thereby limiting the environmental 

and health benefits that can be achieved through efficient use of the technology [1] . 

In Uganda, despite the introduction of biogas in the 1950’s, the technology has not 

received considerable acceptance and as a result its penetration has remained low. Several 

installed plants have failed and those working are not working to the expectation of the 

owner. A survey of 144 biogas plants was carried out after which performance monitoring 

of selected digesters in the districts of Luwero, Kampala, Wakiso, Mbale, Jinja and 

Mukono. It was found out that over 55% of the surveyed biogas systems were not 

operational and others not performing to the users expectations. Most systems monitored 

were operating in the temperature range between 18⁰c and 25⁰c with methane gas levels 

being low [2]. 

1.1 PROBLEM STATEMENT 

Most of the biogas digesters are not operational and others are not working to the user’s 

expectation. The uncontrolled variation in temperature and limited stirring of the waste 

has led to very low levels of production of methane gas. Waste on the upper surface 

contributes most of the biogas neglecting the lower layers of waste in the biogas digester 

hence low methane production. Very low and very high temperature restricts biogas 

production by affecting the livelihood of the bio-organisms to digest the waste. Therefore 

there is need for a better system to improve on the production of methane gas.  

1.2 OBJECTIVES 

1.2.1 MAIN OBJECTIVE 

To design and develop a methane control and monitoring system for a biogas digester that 

will regulate methane levels in the digester.  
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1.2.2 SPECIFIC OBJECTIVES 

i. To review literature on the existing biogas digesters. 

ii. To design all modules that are needed to control and monitor methane levels for 

the biogas digester and integrate them. 

iii. To implement a prototype of proposed system. 

iv.      To test and validate the proposed system to meet the requirement 

1.3 JUSTIFICATION 

Despite a good number of urban households using electricity for lighting (33.5%), the low 

percentage of the same households using it for cooking (6.3%) implies that some 

households have electricity connected to the houses but do not use it as the main source 

of energy for cooking. The main reason is the high electricity tariffs. The new sources of 

energy such as biogas are still poorly developed. If well developed, these sources could 

reduce pressure on the forests. Unless logical and realistic solutions are devised, the 

threatening effects of energy crisis are likely to cause terrible sufferings and regrets in the 

immediate future [3]. If the biogas project is scaled up, it could allow Ugandans who live 

too far from the power grid to generate their own energy [4]. 

1.4 SCOPE  

The proposed system only concentrates on two factors that is temperature by ensuring 

waste is in suitable temperature ranges for methane production and exposure of the waste 

to the surface in order to regulate methane levels. This was done by use of stirrers and 

pipes. Methane level is regulated depending on the user input. This project is applied only 

to domestic biogas digesters. The project is scheduled to last for seven months starting 

November 2015 to May 2016. 

 

 

 

 

 



32 
 

 

REFERENCES 

 

[1]  J.Talavera, "Small Biogas Electrical Systems in rural Uganda barriers in an 

fragmented regime".  

[2]  E.Royal, "QUALITY AND USAGE OF BIOGAS DIGESTERS IN UGANDA 

Submitted in partial fulfillment of the requirements for the of the degree Of Master 

of Science in Mechanical Engineering with a specialization in Sustainable Energy 

Engineering Msc . Thesis Report Departmen," 2013.  

[3]  R.Nile, in Background of Uganda, p. 6. 

[4]  S. Mbugua, "Uganda turns beasts to biogas," Thomson Reuters Foundation, 2 

February 2015. [Online]. Available: http://www.trust.org. [Accessed 1 november 

2015]. 

[5]  G. Li, S. Niu and Y. Liang, "Estimate on the Ecological and Economic Benefits of 

Rural Household Biogas Construction Project in Loess Hilly Region, China.," in In 

Proceedings of International Conference on Wireless Communications: 

Networking and Mobile Computing, 21–25 September 2007.  

[6]  J. Parikh and K. Parikh, "Mobilization and impacts of bio-gas technologies.," 1977. 

[7]  Starke, "State of the World 2004," Washington, DC, USA, 2004. 

[8]  Bioenergylists. [Online]. Available: http://www.stoves.bioenergylists.org. 

[9]  E. Alberta, "METHANE (CH4)," [Online]. Available: 

http://dwb.unl.edu/teacher/nsf/c09/c09links/www.casahome.org/methane.htm. 



33 
 

[10]  R. Hiremath, B. Kumar, P. Balachandra, N. Ravindranath and B. Raghunandan, 

"Scope, relevance and applications in the Indian contex," in Decentralised 

renewable energy, 2009, p. 10. 

[11]  I. Itodo, G. Agyo and P. Yusuf, "Performance evaluation of a biogas stove for 

cooking in nigeria," 2007. 

[12]  L. Yu, K. Yaoqiu, H. Ningsheng, W. Zhifeng and X. Lianzhong, in Popularizing 

household-scale biogas digesters for rural sustainable energy development and 

greenhouse gas mitigation., 2008, p. 2027. 

[13]  [Online]. Available: http://africabiogas.org. [Accessed September 2015]. 

[14]  D. Deublein and Steinhauser, in Biogas from Waste and Renewable Resources, 

2008.  

[15]  G. Dhevagi, in Biological Nitrogen Fixation and Biogas Technology, 1992, p. 149–

153. 

[16]  J. Lawbury, "Biogas technology in India," 2001. [Online]. Available: 

http://www.ganesha.co.uk/Articles.htm as accessed 03.02.2012. 

[17]  S. Lund, "Building of a flexibility Bag Biogas Digester in Tanzania," 1996. 

[18]  A. Kalia, "Biomass," in Development and evaluation of a fixed-dome plug flow 

anaerobic digester, 1988, pp. 225-235. 

[19]  M. Zennaki, "effects of hydraulic retention time, temperature and," in Methane 

Fermentationof cattle manure, 1996, pp. 134-140. 

[20]  KVIC, in Khadi and V.I Commission and its Non-Conventional Energy 

Programmes, 1993.  



34 
 

[21]  M. S. Rakican. K, in Biogas for farming, energy conversion and environment 

protection, 2007.  

[22]  Karthik Rajendran, "Household Biogas Digesters—A Review," Energies, 2012.  

[23]  K. Nepal, BIOGAS As Renewable Source of Energy in Nepal,Theory and 

Development., 2005.  

[24]  M. Stams, Methane production by anaerobic digestion of wastewater and solid 

wastes..  

[25]   S. Andreas Lemmer, "How Efficient are Agitators in Biogas Digesters?," energies, 

2015.  

[26]  B. Lagrange, "principles-Techniques Utilization.," in Biomethane 2, 1979.  

  

  

 

 

 

 


	Luwedde 1.pdf
	Luwedde 2.pdf

