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Abstract 
Increased access to energy is a key factor to reduce poverty and to gain increased 

development and prosperity.  

Access to energy is not equally distributed globally. On average a Swedish person consumes 

more energy than 12 individuals in Tanzania. 

 

The Msambara village arose in the 1930s. 80% of the inhabitants are children and the families 

are large. Life expectancy is 52 years for women and 54 for men. The entire region is very 

poor and the standard of living in Msambara is low, even compared to other parts of the 

country. 

In rural Msambara in Tanzania the cooking method is very primitive and is usually carried out 

indoors on three stones. Indoor pollution is contributing to eye infections. Incomplete 

combustion not only emits greenhouse gases increasing global warming, but also more 

directly emits particles effecting human health. Women and girls are particularly vulnerable to 

burning caused by air pollution, especially since they are responsible for cooking.  

The women pull a heavy load in the household work. They are responsible for raising and 

caring for children, managing farms, collecting firewood, fetching water, visiting the market 

and cooking for the family. 

 

The adoption of biogas technology reduces the need for traditional energy and thereby 

reduces environmental degradation. In addition, the residue is an improved agricultural 

fertiliser. Biogas technology has social considerations; burning of biomass for cooking 

reduces indoor air pollution and reduces workload to collect firewood, often performed by 

women. Moreover, biogas is desirable from an economic point of view. 

 

The method in this work can conveniently be divided into three different parts. These are the 

designing and construction process as well as the socio-economic study. The socio-economic 

component is split into two different sections, which are field study and data modelling.   

 

The study shows that the social negative impact may or may not be reduced by the 

introduction of the biogas facility, but the biogas facility in the way it is made will potentially 

contribute to sustainable economic growth for the household. It also shows that the 

household’s organic waste produced from human, animal, kitchen and garden waste is enough 

to provide the necessary gas needed for cooking and no additional firewood will be needed. 

Two diary cows, in addition to the household’s waste, will provide enough gas needed to 

introduce cooling capacity for food storage. By adding cooling capacity in the household, 

time will be saved from the food preparation process but the introduction of biogas itself will 

not reduce the individual work burden when no cooling capacity is installed. 

The study also shows that placing the digester in the ground makes a stable environment for 

the mesophilic and methanogenic microbes. 

The Socio-economic study indicates that by introducing an alternative method to cooking, 

positive health effects will arise and the household benefits economically. 

 

It is not possible from this thesis to conclude that by adding and treating human toilets as a 

substrate that possible health benefits will take place. The thesis experience is that the 

households’ participation in the project did not lower any conflicts and instead it escalates the 

conflicts. The adoption of the technology is negatively affected when the household is directly 

involved in the project. 
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Sammanfattning 
 

Ökad tillgång till energi är en nyckelfaktor för att minska fattigdom och för att få ökad 

utveckling och välstånd. 

Tillgången till energi är inte jämnt fördelad globalt. En svensk person konsumerar i 

genomsnitt mer energi än 12 individer i Tanzania. 

 

Byn Msambara uppstod på 1930-talet, 80 % av invånarna utgörs av barn, familjerna är stora. 

Medellivslängden är 52 år för kvinnor och 54 år för män. Hela regionen präglas av fattigdom 

och levnadsstandarden i Msambara är låg, även jämfört med andra delar av landet. 

I Msambara som ligger på Tanzanias landsbygd är tillagningsmetoden mycket primitiv och 

utförs vanligen inomhus på tre stenar. Den rökiga inomhusmiljön leder ofta till 

ögoninfektioner. Den ofullständiga förbränningen frigör inte bara växthusgaser och bidrar till 

den globala uppvärmningen, utan mer direkt avges partiklar som påverkar människors hälsa. 

Kvinnor och flickor är särskilt utsatta för luftföroreningar eftersom de är ansvariga för 

matlagning. 

Kvinnorna drar ett tungt lass i hushållsarbetet. De är ansvarig för uppfostran och vårdnaden 

utav barnen, hushållsarbetet, sköta jordbruket, samla ved, hämta vatten, besöka marknaden 

och att laga familjens mat. 

 

Introduktion av biogasteknik minskar behovet av traditionell energi och miljöbelastningen. 

Rötresten är dessutom ett förädlat gödningsmedel. Biogas introduktionen ger positiva sociala 

konsekvenser då det leder till reducerade luftföroreningar inomhus och minskar behovet av att 

införskaffa ved, vilket nästan undantagslöst utförs av kvinnor. Dessutom är biogas positivt ur 

ekonomisk synvinkel. 

 

Arbetsmetoden är tydlighetens uppdelat i tre delar. Nämligen dimensionering av 

rötkammaren, uppförandet av densamma och en okonstlad socioekonomisk studie som i sin 

tur är uppdelad i en fältstudie och simulering. 

 

Studien kan inte visa på att summan av de sociala negativa effekterna minskar med införandet 

av biogasanläggningen men däremot att den potentiellt bidrar till stärkt ekonomi för hushållet. 

Den visar också att hushållens organiska avfall som produceras i form av avfall från 

människor, djur, kök och trädgård är fullt tillräckligt för att producera den nödvändiga gasen 

som behövs för matlagning. Ingen ytterligare ved kommer att behövas. Två kor förutom 

hushållets avfall ger den biogas som krävs för att driva ett kylskåp vilket ökar hållbarheten 

vid matförvaring.  Genom tillförandet av kyleffekt till hushållet frigörs tid vilket innebär en 

tidsbesparing. Införandet av biogas i sig minskar inte den individuella arbetetsbördan. 

Studien visar också att placeringen av rötkammaren i marken utgör en stabil miljö för de 

mesofila metanogena. 

Den socioekonomiska studien visar att införandet av den alternativ matlagningsmetoden 

medför positiva hälsoeffekter och är ekonomiskt gynnsamt för hushållet. 

 

Från denna studie är det inte möjligt att dra slutsatsen att tillförandet och behandlingen av den 

mänskliga toaletten i rötprocessen ger hälsofördelar. En erfarenhet från studien är att 

hushållets deltagande i byggprocessen inte hindrar konflikter utan istället trappas konflikterna 

upp. Tillgodogörandet av tekniken och skötselråd påverkas negativt när hushållet är direkt 

involverade i projektet. 
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Prologue 

 

One of my most vivid memories happened when I was a 14-year-old boy and I went to pick 

up our family's mail. We lived five miles from the nearest Post Office and during the semester 

break from my boarding school, which was 350 miles away, my dad let me go and get the 

mail. I had a Honda 400-XLR off-road and every time I drove through the village on the 

outskirts of town I would pass the house of a very poor family.  

The children always ran out when they heard me coming. They waved and laughed. They 

wanted me to show off a bit, sound the horn or just give them attention. Why these children 

made such an imprint on my memory I do not know, but I am one hundred percent certain 

that they are all dead by now. One could see they were underfed, their stomachs were swollen 

and they had Umbilical Hernia. Their dirty clothes hung in rags and they were without shoes. 

Yet, they gilded my life and gave me joy.  

What did they give to me that made me happy, you might wonder! Substantively and 

economically nothing, it's true! Nevertheless, their joy and appreciation meant everything to 

me. They were my friends and they saw me and gave attention to me. It happens that I meet 

these kids in my dreams and every time I wake up from that dream, my eyes are filled with 

tears but my heart is filled with joy.  

 

These kids made me unique and shaped my personality like no others. Almost everything I do 

today I do it with a thought of them. Now, when I am studying energy and environment I do it 

for them. I hope when I finally receive my Masters in Science, I will be able to help kids like 

them have a little more space and life opportunities. I know that because our lives intersected 

it will boost my creativity so that I can make a difference, at least for one or two fellow 

humans.  

 

Ever since my childhood, I carry this dream of mine: the dream to do something, a small 

piece, for those who need it the most. My journey has been diverse but the goal has always 

been the same. 
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1 General Introduction 
In the United Republic of Tanzania (hereafter: Tanzania) 58 percentage of the population 

lives on less than 1 dollar per day and this is under the international poverty line (WHO 

2009). Tanzania has almost 43 million inhabitants (Fitzpatrick and Bewer 2012) and therefore 

25 million people are to be considered as extremely poor.  Life expectancy in Tanzania is 53 

years (Fitzpatrick and Bewer 2012). Msambara is located in western Tanzania between Lake 

Victoria and Lake Tanganyika, near the border to Burundi. 

Msambara village is a part of Kasulu district, which is included in the Kigoma region. 

According to the municipality office, the village has about 18,000 inhabitants and 55 

percentage of them are women. The population makes their living mainly on agriculture and 

small-scale farms. Energy consumption in rural areas in Tanzania is strongly connected with 

food preparation. Energy consumption consists mainly of household fuel, in the form of 

firewood, to cook and heat water. Energy consumption in Msambara is no exception. Access 

to energy is a critical factor in the socio-economic growth and development of countries 

(Eklöf 2011). Lack of energy is a growing concern today but in Msambara access to modern 

energy is an even bigger concern. 

 

More than 90% of Kasulu residents are dependent on agriculture for food production from 

their land (Andersen (eds.) and Crisp, (eds), 2010). Poor agricultural methods and dependence 

on hand hoes in combination with bad roads, lack of education and limited communication 

with the outside world has resulted in a low standard of living (Dixon, Gulliver and Gibbon, 

2001: Handly et al 2009).  Almost everyone lives on farming and some keep livestock like 

cattle purposely for raising and self‐supporting production. Some farmers possess a larger 

piece of land that is located at a greater distance from home where crops such as corn, 

bananas, beans, peanuts and sweet potatoes are grown (Nygren 2013).  

The women are the family engines with responsibility for raising children, cultivating the 

land, collecting firewood, fetching water and cooking. Morning work for the women may be 

to take care of a sick child. It is more common that one or more of the children is ill than 

being well at the same time. Their responsibility is to make sure that the children have food 

and attend school on time. After this, water is brought for the household and preparations are 

made for the evening meal (Nygren 2013). During the morning hours, the fields are looked 

after. The soil is always prepared with muscle power and manual tools. When the sun blazes 

during mid‐day, the women often sit under a tree for some noontime rest, breast-feeding, etc. 

Even these trees are becoming increasingly rare due to constant lack of firewood. After 

firewood has been carried home on the head, often with at least one child on their back, the 

main meal of the day is to be prepared over three stones in the evening (Nygren 2013). The 

households do their cooking by using firewood. If there’s not enough oxygen during 

combustion, carbon monoxide will be emitted. Carbon monoxide is harmful to inhale and 

may cause choking (Abbasi, Tauseef and Abassi, 2012).  

 

1.1 The Poverty Issues 

Two thirds of the population in Tanzanian is working in agricultural activities. Most farmers 

cultivate by handcraft for self-catering on small fields with outdated equipment and low 

returns (Landsguiden 2012).   

 

In rural areas in Tanzania the cooking method is very primitive and is usually carried out 

indoors on three stones (Bartholomew Makiya Lyimo, 2005). Indoor pollution is contributing 

to respiratory infections and eye infections et cetera. Incomplete combustion does not only 
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emit greenhouse gases, increasing global warming, but also more directly emits particles 

effecting human health (Bruce, Perez-Padilla and Albalak 2000). 

 

Increased access to energy is a key factor to reduce poverty and to gain increased 

development and prosperity (Eklöf 2011). It is commonly accepted that access to modern 

sources of energy is crucial for development and reducing poverty (Kiplagat, Wang and Li 

2011).  

 

Access to modern energy at affordable prices in developing countries is crucial to the 

development and the UNDP (2011) puts it as follows: “None of the Millennium Development 

Goals (MDGs1) can be met without major improvement in the quality and quantity of energy 

services in developing countries”.  

 

Access to energy is not equally distributed globally. On average a Swedish person consumes 

more energy than 12 individuals in Tanzania (World Bank 2010). The great majority of 

people in the rural areas in Africa are still relying on traditional wood fuels for their energy 

needs (Barry, Steyn and Brent 2011). 

 

As each woman in Tanzania has six children on average (Landsguiden 2012), it over time will 

lead to an accelerated stress on the already scarce resource that firewood is. Woody biomass 

consumption per capita and year is about 2.12 megawatt hours. In 2003 the national average 

demand of firewood and wood biomass in Tanzania was 50 million cubic metres and the 

sustainable yield is 24.5 million cubic metres (Mwihava and Mbise 2005; cited in 

Bartholomew Makiya Lyimo 2005). 

 

Implementing alternatives to using wood as a domestic fuel should be a method to reduce the 

risk of deforestation and degradation of soils. The problem of deforestation will be addressed 

in a parallel report to this and will therefore not be discussed further.  

 

1.2 Msambara Village 

The village arose when the American missionaries, Mr. and Mrs. Spiese, arrived in the 1930s. 

Today, of its 18,000 inhabitants, about 80% are children. According to the municipality 

office, the families are large and consist of up to eight to ten people, sometimes even more. 

Life expectancy is 52 years for women and 54 for men. The entire region is very poor and the 

standard of living in Msambara is low, even compared to other parts of the country. 

According to the headmasters of the Primary Schools, the level of education is low, only 

about 50% of the children successfully pass the mandatory seven-year Primary School 

program (free of charge) and as few as 1% of students make their way through secondary 

school. The population make their living as farmers and live on the little that their plot of 

farmland produces. Every family has a small plot of land adjacent to their house in the village 

and a slightly larger field a short distance away where they as a rule grow maize, bananas, 

cassava, beans, peanuts and sweet potatoes. Some families have it a bit better and may 

additionally have some chickens, goats, and one or two cows. Usually, in the morning, several 

families that possess cows gather together their cows and take turns herding them to pasture 

during the day. The pastures belongs to the public, which means that no one takes 

responsibility for the grazing land and its vegetation is utilized in a manner that is not 

sustainable in the long run. 

The low level of education combined with poor soil makes the harvests small and only 

sufficient for family needs but with better returns year by year due to the level of knowledge 
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being raised though the MATEP project (MATEP 2013). There are no exports from the 

region, due to the poor infrastructure and the food in general barely is enough for the families 

themselves (Ibid). The growing population, excessive grazing, landscaped grass, forest fires 

and uncontrolled logging has led to poor soils, erosion and lack of firewood and timber (Ibid).  

A major issue is to collect firewood and the water supply (Ibid). Almost 25 years ago a water 

pipe and reservoir was installed in the village by Norwegian Agency for Development 

Cooperation, Norad. The system is only designed for a population of 5,000 people and that is 

in times affecting access to drinking water (Ibid).  

 

1.2.1 Brief Factors about the actual family and household situation 

The houses are built around a courtyard. There is a main building containing the bedrooms of 

the family and dining area that is in use by nightfall and rough weather. The household lacks 

electricity, as the village in general, but there is private access to low capacity solar cells 

providing light in the dining room and in the parents' bedroom. For lighting elsewhere the 

household is using battery lamps. All rooms except those in the main house have direct access 

to the inner courtyard. There is no specific washroom but there is a small toilet. The kitchen 

consists of two ICS (Improved Cooking Stove) with a total of three locations for cooking 

vessels. All food is cooked over an open fire and every day the household consumed around 

16 kg of firewood. 

 

In the supporting buildings there are two storage rooms, a guest room and a bedroom that is 

occupied by the oldest son still living at home. Only the main building has concrete floors, 

other rooms have trampled soil floor. No windows are fitted with glass and ceilings are not 

present. The family also has a chicken house and a goat stable in the backyard. 

 

The household consists of mum, dad and eight children living at home aged from one year to 

twenty years. Siblings that are still living at home consist of four boys and four girls. Another 

girl studies at boarding school in Kasulu and is only present at home on holidays and 

weekends. This means that on weekends and school holidays there are nine children present at 

home. The family has two other adult children of whom the elder son is attending nursing 

school elsewhere and the elder daughter is married and has her own family. The two youngest 

have not yet started school and are home with their mother at the house. The oldest son is still 

at home and currently is not studying and is unemployed. He is helping with chores on the 

family’s farm. Children go to school in the main. 

 

Division of labour in the home and the household is characterized by a clear gender 

differentiation; which tends to be the case in all developing areas. The father of the house has 

employment, he works with agricultural development five days a week. The Father's income 

is in the range of 5,000 Tanzania shillings per day, which corresponds to 20 Swedish crowns. 

That is a normal wage in the area. The family's main income is their own farm. From a 

Swedish point of view, it cannot be classed as an earning. The mother is responsible for the 

household and most of the family's practical duties. This division produces limited control for 

the woman over the household’s economy. The limitation is reinforced by poverty itself. The 

supply of food, water and fuel for cooking falls mainly within the woman's responsibility. 

This is not unique to the studied household and in African rural areas this is a rule more than 

an exception. The undertaking of collecting and getting water from the source to the home is a 

time consuming task and most often performed by a female in many developing countries. 

South of the Sahara, in the countryside, a woman devotes between two to six hours a week to 

fetch water (Engelman, 2009: p50). For the woman of the household being studied the 

situation is different because the household has its own water tap in the inner courtyard. 
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The woman's role as responsible person of the household includes collecting fuel for cooking. 

Fuel collection takes a lot of time. In year 2000, traditional biofuels, was the main energy 

source for two billion people (2008: p5).  

 

 

1.3 Short about Sustainability and Socio-Economic Conditions 

For humans, sustainability is the potential for long-term maintenance of well-being, which has 

ecological, economic, political and cultural dimensions. Sustainability requires the 

reconciliation of environmental, social equity and economic demands (Assadourian and Prugh 

2013). It indicates a number of overriding goals in terms of access, quality and financial 

sustainability. To concretize: Unsustainable use of goods and assets and resources is not 

sustainability. 

  

The society is what one might describe as male dominated. In Msambara it is usually the 

women who work in the fields and take care of the family, which includes cooking and 

firewood collection (Landsguiden 2012). The average distance travelled per day to collect 

firewood in Kigoma region is 6,2 kilometres (OECD/IEA 2006). 

 

Local government authorities are in charge of managing wastes (Friedrich and Trois 2011); 

yet often there is a lack of technical knowledge, institutional competence and funding to meet 

responsibilities (Satterthwaite 2008). 

The composition of wastes in developing areas consists primarily of organic waste that is 

biodegradable material; most wastes are suitable for biogas production (Weiland 2010). 

50 to 90 percentages of wastes in developing countries are biodegradable (Asomani-Boateng 

and Haigth 1999; cited in Vennhuizen (eds.) 2006).  

 

Preparing of food over an open fire generally has negative social, health and environmental 

and economic impacts.  

 

The adoption of biogas technology reduces the need for traditional energy sources such as 

wood, charcoal and fossil fuels and thereby reduces environmental degradation. In addition, 

the residue is an improved agricultural fertiliser that can substitute the use of chemical 

fertilisers (Weiland, 2010). 

Meanwhile, biogas technology has social considerations; burning of biomass for cooking 

reduces indoor air pollution and consequently results in lower child mortality (Fullerton, 

Brucec and Gordona 2008) and reduces workload to collect firewood, often performed by 

women (Mahat 2003). Moreover, biogas is desirable from an economic point of view: the 

installation of bio digesters provides the ability to create jobs for growing populations in 

developing countries (Kiplagat, Wang and Li 2011). 

 

To take advantage of domestic waste and human faeces and to treat these anaerobically could 

potentially lead to several positive effects. I) Reduced need for domestic firewood since the 

organic material is used to produce energetic biogas. II) In addition, it leads secondarily to the 

freeing up of time and financial resources. This by using easily available and local, previously 

untapped resources, recourses that otherwise would be used to obtain household firewood. III) 

Because the phosphorus and the nitrogen will remain in the residues, which can be recovered 

for fertilizer in agriculture, an adequate fertilizer is available as a free product that can be used 

on the family fields. IV) Also, one can anticipate positive health effects due to less smoke in 
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the indoor environment (OECD/IEA 2006). Women and girls are also particularly vulnerable 

to air pollution caused by burning, especially since they are responsible for cooking and when 

cooking is done indoors. Indoor air pollution causes as many deaths as tuberculosis, and more 

than malaria. Of these, 59 percent are women (Eklöf 2011). A problem in Msambara, as in 

many other areas in developing countries, is the lack of sanitary sewer systems. Since the 

toilet needs usually are introduced into the soil directly or indirectly without being purified, it 

is not unusual that the drinking water contains pathogens. The anaerobic treatment is a 

hygienization process that reduces the pathogens (UN 1984).  

 

 

 

 

1.4 A Brief History of Development Work in Msambara  

The development work in Msambara started in 1933. The first development workers were the 

missionaries Fanny and Daniel Spiese from the USA. Fanny and Daniel Spiese came to 

Msambara 10 July 1933. Daniel Spiese was head of the new mission and built up the mission 

station at the same time that he was teaching at the site. Mrs. Spiese, who was wheelchair-

bound, taught Christianity, reading and writing (Holmkvist Nystöm 1998). 

Msambara is located two Swedish miles from the nearest town, Kasulu. In the early days the 

nearest shop was in Kigoma, twelve Swedish miles from Msambara. From there, the building 

material was carried, a march that took six days to complete. The postbags were carted from 

Kigoma to Kasulu once a week at a cost of 30 Tanzania shillings per year. The Postman went 

from Msambara to Kasulu and back in a day. 

The Swedish Pentecostal church took over the responsibility for the mission and the 

development work in April 1940 as Mr and Mrs Spies had to cancel and return to the U.S. for 

health reasons (Holmkvist Nystöm 1998). The Swedish Pentecostal churches are still 

conducting development work at the site. Nowadays the development work is carried out 

thought a partnership with the local Pentecostal Church that has emerged from the mission 

and the Msambara Agroforestry Training and Empowerment Program board, MATEP 

Friends. 

As late as in February the year 2013, the first ATM, Automatic Teller Machine, for cash 

withdrawal was installed in Kasulu. 
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1.5 Short on Development Work today, MATEP  

The MATEP project (Msambara Agroforestry Training and Education Project) was launched 

in summer 2005 and has been developed through a close collaboration between the population 

of Msambara, the church and the village administration. The project aims to improve living 

standards and health consciousness of the poor farming families living in Msambara and 

neighbouring villages (the Kasulu district). This is through spreading knowledge of 

agricultural practices and implementation of these methods, as well as diet and hygiene. 

Because of the traditional vision of society and the division of labour, the focus is on women 

and children (MATEP, 2013). 

The basic idea is to minimize the use of outside labour, and instead provide advice and let the 

farmers themselves do the work. MATEP distributes seeds, but gives no other financial help 

in addition to paying wages to their employees. The idea is that the project will be self-

sufficient in the long term (Ibid). 

To reach out to people and spread awareness of agroforestry “information officers” have been 

trained. Each officer is in charge of 10 to 20 different groups, which in turn consists of about 

15 people. These groups have a small common collective where they plant the seeds of shrubs 

and trees, as a small plant nursery (Ibid). 

Team members take turns to look after the plants and in time for the rainy season, the plants 

are moved to be placed among other crops on each member's plot of farmland. The groups are 

trained by the officer on the topic of agroforestry and its benefits. The information officer also 

distributes seeds and ensures that the groups take care of their plants properly. After two 

years, the groups begin to harvest their own seeds that they can use themselves as well as sell 

and thus become self-sufficient (Ibid). 

 

The request and original idea was the result of collaboration within MATEP for a brief 

introduction to the process and the cooperation with MATEP see Appendix 1. 

 

1.6 Biogas in Tanzania 

Tanzania already has a long history with biogas and domestic biogas which was introduced by 

SIDO, Small Industries Development Organisation, in 1975 (TDBP 2013). 

The potential for biogas has been the subject of previous studies. One was performed by GTZ 

and edited by Thomas D. Schmitz (2007). The study was looking at the possibility of biogas 

in Tanzania from the perspective of climate conditions, experiences and household 

characteristics. One key discovery, among others, was that the high production cost is a major 

obstacle for the implementation of biogas. Stichting Nederlandse Vrijwilligers, SNV’s 

"Program Implementation Document, PID", found that limited water access is an obstacle to 

the development of the bio digester (Ng´wandu, Shila and ter Heegde 2009). The same study 

indicates that a method to limit the problem of water scarcity is to passively collect water with 

a so-called water harvesting system through the efficient collection of urine from cattle. This 

is the same as taking advantage of untapped local available recourses. In 2009, a program to 

develop the Tanzanian rural biogas sector began by Tanzania Domestic biogas Programme, 

TDBP. 

Currently non-governmental organisations, NGOs, with the Dutch Hives and SNV at the 

forefront in joint partnership acting to promote the development of a market in the biogas 

segment and facilitate its commercial viability. The goal in Tanzania is to improve the 

livelihoods and quality of life of rural farmers and the programme in Tanzania is coordinated 
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by TDBP who is a part of CAMATEC, Centre for Agricultural Mechanisation and Rural 

Technology. 

 

The transition from traditional energy sources, such as firewood to biogas, should have the 

potential to create new job opportunities and income opportunities for the poor people of 

Tanzania, argues Kiplagat, Wang and Li (2011).  

Energy transitions in rural areas are incremental processes, whereby the dissemination of 

technologies takes place through gradual absorption into production systems like small firms, 

large enterprises or rural households (Malecki 1997). 

 

Greater cooperation between various interest groups and actors is essential for a more rapid 

transition from traditional usage methods and energy sources, like cooking over three stones 

with firewood, to new solutions. It will make the utilising of mutual learning easier (Breschi 

and Malerba 2001).  

 

Some conditions, which should be taken into consideration to assess whether the required 

technological capabilities will be developed in a region to absorb new technologies’, are local 

economic, social, political and cultural factors (Malecki 1997). 

 

Access to energy has played a decisive roll in the development process of industrialized 

countries and therefore it is crucial to create opportunities for access to energy in developing 

countries like Tanzania so as to not limit the possible progress and development to a modern 

society.  Biogas is a renewable source of energy but the construction of the facilities needed 

to extract biogas from organic waste may possibly lead to negative impacts on environment. 

Biogas gas implies a unique possibility to improve living conditions for the concerned people. 

Even if the awareness of social and environmental issues is growing today, many questions 

remain unattended, such as the social challenges and energy accessibility to people. Affected 

peoples must be included in the planning, decision-making and implementation process.   

 

1.7 Core Facility Sizing Aspects  

For methane formation to be able to obtain a good position and produce biogas to a 

satisfactory volume, it is essential that the incoming substrates have the correct parameters. 

To estimate the biogas thermal capacity, the actual quantity of biogas fabrication potential and 

its quality depends on the amount of organic dry matter introduced to the reactors and the 

quantity of water added. To this come a number of parameters. Some parameters that are 

particularly important and that can be considered in the design phase are: the operational 

temperature, the C / N ratio and that the volume of the digester is constructed in accordance 

with the amount of incoming substrate and the desired residence time. Residence time is 

essential for the degradation. Hygienisation is largely determined by the extent of degradation 

of the organic substrate. Other important parameters are agitation/mixing, dilution, 

alkalinity/pH and toxicity. 

 

The biogas plant design can be tailored to different needs. Designers’ task is to weigh against 

economic benefit. In this case, the plant must be designed according to different needs. The 

used type is a fixed dome with a primary and secondary reactor and combined flexible gas 

collector. The biogas facility should be designed based on various local identified factors such 

as technique, economic and environment aspects, operational ease and work safety. 
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The conditions of the local environment, availability to construction materials, labour and 

labour know how, together with the availability of organic waste, basic needs and specific 

desire for energy and future consumption and utilization of effluent as organic fertilizer are all 

important considerations for the facility’s design. 

 

Methanogenics are sensitive to rapid temperature changes. A stabile temperature range is 

crucial and according to Deublein and Steinhauser (2011) even small variations in 

temperature can cause a substantial decrease in activity. The temperature ought to be kept in a 

range of plus or minus two degrees Celsius; otherwise gas losses of up to 30% have to be 

taken into consideration. Fluctuations can lead to annihilation of microorganisms (Abbasi, 

Tauseef and Abbasi 2012). Thermophilic methanogens are more sensitive to fluctuations in 

temperature than mesophilics. Under mesophilic operating conditions, the inhibition of 

ammonium is reduced because of the lower content of inhibiting free ammonia and therefore 

a better energy balance is achieved (Deublein and Steinhauser 2011).  

 

1.7.1 Materials 

Cement, sand, gravel and bricks were the material used to construct the reactor and pre-

chamber-bearing walls and foundation insole. Both chamber tops were created out of 

reinforced concrete. The chambers were sealed with waterproof plaster material and latex 

based waterproofing. The facility’s strength depends entirely on material properties and 

material quality as well as performing with the technical and practical knowledge needed to 

carry out the work. 

Work steps, when it comes to the construction of a biogas plant, are to build a foundation, set 

the wall and roof, and finally to seal the facility. The coating was performed by using 

waterproof cement and materials and was finished with the layering of latex-based materials.  

 

 

1.7.2 Brief Factors that Influence the Yield of Biogas 

Biogas is generated through anaerobic digestion. This involves anaerobic organisms with 

access to metabolizing nutrients, i.e., nitrogen and phosphorus. The organisms break down the 

organic material (Abbasi, Tauseef and Abbasi 2012). 

Factors that influences the biogas yield is the input of organic material composition and the 

achieving of stabile environmental conditions in the digester, like temperature and stabile pH 

conditions, so as to avoid contact of biomass with oxygen. Methanogenics are sensitive to 

rapid temperature changes. A stabile temperature range is crucial and according to Deublein 

and Steinhauser (2011) even small variations in temperature cause a substantial decrease in 

activity. The temperature ought to be kept in a range of plus or minus two degrees Celsius 

otherwise gas losses of up to 30% have to be taken into consideration. Fluctuations might lead 

to annihilation of microorganisms (Abbasi, Tauseef and Abbasi 2012). Thermophilic 

methanogens are more sensitive to fluctuations in temperature than mesophilics. Under 

mesophilic operating conditions, the inhibition of ammonium is reduced because of the lower 

content of inhibiting free ammonia and a better energy balance is achieved (Deublein and 

Steinhauser 2011).  

 

Biogas is generated when organic matter undergoes decomposition in the absence of free 

oxygen. If input materials during the anaerobic digestion process have contact with free 

oxygen, there is no potential for methane production.  

Organic matter is e.g., all that is compostable such as food, plant debris from the garden, 

manure, sewage, etc. (Abbasi, Tauseef and Abbasi 2012). Sufficient amounts of nutrients, 
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nitrogen and water are important. The ratio between carbon and nitrogen (C/N-ratio) is vital 

and should be within the range of 20-30. Different materials have different C/N-ratio and can 

therefore beneficially be combined to achieve an optimum ratio (Abbasi, Tauseef and Abbasi 

2012). When mixing two or more different substrates it is called co-digestion and usually 

comes with a positive side effect of a higher biogas yield. This is because of a potential to 

reach a more optimal composition of nutrients, minerals and trace elements. (Carlsson and 

Uldal, 2009) 

 

The availability and adding of a sufficient amount of water has three benefits; first, it 

promotes an oxygen free environment and accelerates the process of anaerobic 

decomposition. Secondly, water is stabilising the acidity and pH values in the digester. 

Methane formation takes place under stable pH values that should be stabilized at about 7.2 to 

8.2 (Abbasi, Tauseef and Abbasi 2012). A way to measure the alkalinity or acidity is through 

the relationship between the concentrations of hydrogen ions (H+) and pH which is stated as: 

H+ = 10-pH. (Deublein and Steinhauser 2011). The acidity is either affecting the metabolism or 

destroying the enzymes of the methanogenic bacteria. 

Thirdly, moist conditions increase the potential for methane production while nutrients are 

required for the growth and survival of specific microorganisms (Weiland 2010). 

 

The generated gases from decomposition normally consist of 55 – 65 % methane per volume, 

whereas the rest is mainly carbon dioxide with traces of other gases. When igniting the gas, it 

burns with a clean flame without emitting odour or soot. This means that natural gas is in 

many case’s interchangeable with biogas. The main difference is the methane content, which 

is higher in natural gas (Abbasi, Tauseef and Abbasi 2012).   

With the usage of previously unused organic resources, natural methane emissions will be 

utilized, which otherwise would have been added into the atmosphere unexploited (Abbasi, 

Tauseef and Abbasi 2012). 

 

Toxicity is also a significant consideration and, for an example, it is important to minimize 

antibiotic substances like penicillin from entering into the digester. 

1.7.3 Hygienisation 

The slurry is supplied intermittently in the present composting process. Stirring is done 

manually on a regular basis with a huge wooden ladle both morning and evening. 

Since the material already has gone through an anaerobic treatment, the organic material is 

decomposed to some extent and the dry matter (TS) content as dry organic (VS) content is 

low. Low dry matter content makes it difficult to achieve sufficient heat (Norlin, 1996). 

Therefore, a dry matter (TS) content of at least 2.5 percent is recommended (Deeney et al 

1991). Wet composting requires dry matter (TS) content to be over 2 percent and the organic 

matter (VS) content approximately 75 percent of the dry solids (TS) content. This is necessary 

for the process to work (Greatorex, 2005). 

 

Natural inspired recycling adapted handling systems for wastewater and organic waste are 

almost non-existent in the rural areas of Tanzania. It is therefore important that the barriers 

against contamination are built into the recycling adopted treatment systems. Wet composting 

is an example of a treatment that may involve an effective hygiene treatment of wastewater 

and organic waste products. The treated compost matter can later be used in agriculture. 

 

Studies of Hygienisation have showed that wet composting can provide a satisfactory kill rate 

of the various types of pathogenic organisms. Attempts have been made with Mycobacterium 

Para Tuberculosis, Salmonella, faecal indicator bacteria and organisms representing parasitic 
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worms and human viruses. The majority of the test organisms were reduced a sufficient extent 

at a temperature of 55 degrees Celsius (Norin, 1996). 

 

One problem with composting is to avoid the smell. There is a risk for atmospheric release of 

ammonia when the composting takes place in open containers directly dug in the ground. 

Anaerobic digestion will take care of most odorous substances except of course ammonia. 

The ammonia formation is mainly caused by protein. The composting of garden waste 

produces a smell that is moderately bothersome. If the compost materials include food waste, 

odour problems may arise because food wastes contain fats and proteins to a greater extent.  

Fats do not contain nitrogen, and do not contribute to ammonia. Short chain fatty acids have a 

bad smell though these are rapidly broken down in the digester. 

Proteins have higher nitrogen content and food waste can also contain sulphur. Food waste 

originating from animals in compost can cause intolerable smell problems; however, the risk 

is minimal in rural Africa since the food is mainly vegetarian. 

 

Odour problems can be avoided if a closed system is used. The digester chamber is an 

enclosed system.  It is considered less appropriate in this case, partly because a greater degree 

of monitoring is required. Compost pits should not be too deep. The probability that an 

anaerobic process will be present increases with depth. Moreover, a large enough balanced air 

interface is desirable in order to achieve a stable and comprehensive air exchange in the 

composting process. The depth should be large enough to provide sufficient heat release to 

achieve hygienization temperature at wet compost (55 degrees Celsius). 

 

This is something that should be studied further to determine if the temperature raise is 

sufficient and whether or not there is a need for additional insulation. Coverage over the pits 

may be necessary to avoid dilution and cold from rain. Determining the optimal depth and 

other variables that affect sanitation must be based on local conditions. One formula does not 

fit every situation. 

 

 

1.8 Aim and Objectives 

The overall aim is to estimate how the implementation of a small-scale biogas facility will 

affect the life of a household in Msambara village, Tanzania. Technical and socio-economic 

aspects have been evaluated and the conclusions are based on results from practical design 

and constructions of a biogas facility, direct observations in fact monitoring and recording the 

everyday chores of the household together with semi-structured interviews with the household 

members and theoretical modelling of possible future scenarios.  

 

The objectives are: 

 

To design and construct a low-tech biogas facility for a single household. 

 

To assess whether methane can be produced by substrates found at the studied farm, in 

sufficient amounts to fully replace firewood and cool a refrigerator. 

 

To estimate if the household can provide substrates with proper C/N ratio and the effect if 

the household get free access to the dung from up to two cows. 
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To estimate if the site of the household can provide a stabile temperature for biogas 

production. 

 

To evaluate the members of the household’s impression of the impact on the sustainable 

considerations as timesaving, costs and health, if a biogas facility is installed. 

 

To evaluate the theoretical future potential timesaving and cost benefits, as far as 

practicable, in the case when utilising biogas for food-preparation, cooling capacity and for 

catering activity. 

 

1.8.1 Limits 

The present thesis is limited to the single specific household that benefits from the facility 

constructed. Thereby the only possible conclusions one can make for sure will be that the 

actual household is affected one way or another. No general conclusion can be made but the 

study can hint on a general possible change. Only general individual experienced health 

effects based on visual observations and anamnesis is evaluated. No environmental impacts 

are addressed in this work. 
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2 Method  
The method in this work can conveniently be divided into three different parts. These are the 

designing process, the construction process, and the socioeconomic study. The socio-

economic component is split into two different sections that are a field study and a data 

modelling.  Please note that the work also includes more efforts that coincide with how the 

design process was performed and established, such as fundraising, this focus is not enclosed 

in this report. 

 

2.1 The Construction Process 

A number of factors, most importantly the actual needs and building design, affect the 

construction project. Other important factors include regulatory requirements, cost and time. 

The first step is to clearly identify the needs and determine as far as possible how these needs 

contribute to the design process of the project. It is important that the person who receives the 

benefits of the plant and the final product of the project is active throughout the process to 

influence the design. The owner and financier of the facility must define and limit the project. 

The construction of the facility must be kept within the economic framework of the conditions 

to complete the project successfully. During development work it is not always the individual 

beneficiary that is the primary target. It is important to assess customer value and 

sustainability. 

 

2.1.1 Brief Facility Description  

The biogas plant was built in Msambara, Kigoma Region, Tanzania, during February to April 

2013. The plant is designed to treat household waste, garden waste, animal wastes and toilet 

waste and extracting biogas, primarily to replace wood for cooking and secondarily to 

increase the sustainability of the food storage by running a fridge. That is to say, more 

specifically, short in point form: 

 

 replacement of wood as fuel for cooking 

 increasing sustainability in food storage 

 reduce contamination, primarily from toilet 

 extraction of a high quality soil conditioner product (for higher acreage returns) 

 

 

2.1.2 Feasibility Study 

The first stage in the construction process is the feasibility study or concept and pilot study. 

This was carried out together with an established partner organization (MATEP Friends) and 

with the client in the actual case. It includes specifying the project and identifying a common 

ground and focus upon the shared interest. Exploratory work began with an idea and 

assessment of needs based on the requirements of function, timing, technical standard, cost 

and space. These requirements influenced the selection a suitable home for the facility. Of 

additional importance was the assessed ability to manage and take care of the construction 

and operation of the same at the handover. A schedule, financial or cost plan, and facility 

sketch were established. After completing the feasibility study, a decision was made to go 

ahead and try to find wherewithal in order to proceed with the idea. 
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2.1.3 Designing 

After the decision to go ahead with the idea made by MATEP Friends and undersigned, began 

planning stage. The undersigned was commissioned to create the prerequisites according to 

economics and design and to specify the project. Important here is to highlight the problem 

formulations and identify possible actions based on the feasibility study. For example issues 

such as the problem of negative effects from indoor smoke, deforestation, contamination, 

households’ energy needs, increased production in agriculture and possible future 

development potentials. In this work, the selected household has to specify their wishes 

within the affordability limits. 

 

After the design process is finalized the client is applied to sanction and implement the work. 

A contract should be drawn up with the household in order to avoid later problems. The 

establishment of a contract with the beneficiary household was neglected, resulting in 

negative effects later in the process. 

 

 
Figure 1, the design process 

 

2.1.3.1 Contract Making 

Undersigned in the given role as project manager hired the two Fundis (professional labour) 

that were available in the village.  

 

2.1.3.2 The Actual Construction Phase 

During this stage the actual production is carried out. A temporary organization is created 

consisting of the project and construction manager as well as various professional functions. 

In this case, the professionals included masons, plumbers, purchasers, a handyman, driver/ 

carrier, interpreter and payroll administrator. 

 

2.1.3.3 Transmission and Operation 

After completing the construction work the facility was handed over to the household. The 

household was trained and instructed how to operate and maintain the facility. The 

responsibility for the operation, care and maintenance were now falling on the household. 
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2.2 Facilities Design 

This part is made-up of theoretical data and practical measurements to decide the necessary 

size of the facility and to ensure the needed stabile environment.    

 

2.2.1 In-Situ Measurements 

 

The recovery of biogas through anaerobic digestion requires stable internal as well as external 

environment conditions. Temperature is a critical environmental factor. Homeostasis is the 

property of a system that regulates its internal environment and tends to maintain a stable, 

relatively constant condition of properties such as temperature or pH. Since the methanogens 

have no homeostatic ability the property of the methanogens’ system is non-homeostasis and 

the stability of the external conditions have to be ensured. 

 

The temperature study is carried out during the so called rainy season.  

 

150 millimetres deep holes were drilled vertically into the soil, whereupon the temperature 

sensor was placed at the head of the drilled hole. Then the holes were backfilled with the 

source material. The distance between the vertical holes were chosen to be 300 millimetres 

with a total of eight holes. The first hole was placed at the bottom of the pit, thus at a depth of 

2.4 meters, and hole number eight was 300 millimetres from the surface. 

 

The temperature of the soil layer and pre-chamber as well as the outdoor air temperature was 

read three times a day seven days a week, specifically at 8:00, 14:00 and 20:00. In the initial 

stage when the facility was still under construction, the temperature was read of the 

preliminary existing and temporary collection chamber for the toilet instead of the pre-

chamber. The air temperature was read on a location well-protected from sunlight and rain. 

The temperature sensor-location was placed in a well ventilated outdoor location to obtain as 

accurate air temperature as possible. In the pre-chamber as well as the temporary collecting 

chamber the temperature sensors were placed in the centre of the slurry. The thermocouples 

placement and interconnection (set-up) is shown below. 
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Figure 2, Placement and interconnection of thermocouple elements 

 

 

2.2.1.1 Materials 

 

A thermocouple consists of two metallic wires having 

different Seebeck coefficients. A thermoelectric circuit 

composed of materials of different Seebeck coefficients, 

configured as a thermoelectric generator. If the load is 

removed then the current stops, and the circuit functions 

as a temperature-sensing thermocouple. 

 

The thermocouple wire composed structure: 

 

Cross section  0.20 mm2 (AWG 24) 

Strands   1 x 0.51 mm 

Insulation   PVC 

Tolerance  ± 0.5 ºC 

 

The wires are parallel and easily shareable. The thermocouple wire can withstand a maximum 

temperature of 105 degrees Celsius and minimum of -15 degrees Celsius. 

 

All the components of the measuring circuit that are inside the temperature gradient, including 

the compensating lead and connectors contribute a voltage. 

Figure 3, Thermocouple wire 
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2.2.2 Determination of Biogas Need for Cooling 

A heat pump is a technical device that transfers heat from a cold to a warm place. According 

to the second law of thermodynamics, energy must be added for this to be possible. The 

technology of a heat pump is basically the same as in a refrigerator. The main difference 

between these two is the area of use; heat pumps used for heating, while cooling equipment 

used for cooling. The biogas-powered refrigerator produces cold by heating a refrigerant that 

absorbs heat when it evaporates. 

 

The biogas need for cooling depends on model and volume and so on. For example if the gas 

refrigerator Dometic RGE 2100 (EAN number: 4014742182418) with a capacity of 204 litres 

is chosen, it is given that the annual energy consumption is 1824 kWh.   

 

2.2.3 The Biogas Need for Cooking 

First the biogas need is determined from energy as heat in equal amount as the wood that is 

used in cooking. The family uses, in the current situation, different energy sources for 

lighting. The heat demand is negligible. The wood must, to the greatest possible extent, be 

replaced by readily available substrates. These substrates are toilet waste, kitchen waste, 

waste from gardens and zero grazing farm-goats. 
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2.2.3.1 Methodology Dimension of the Biogas Need for Cooking  

 
Table 1, Adapted input for determining biogas need for cooking 

No Term Explanation Quantity Unit Source 

1 mAWC,TZ Daily firewood 

consumption per average 

household in Tanzania 

7.0 [kg · 

household-1 

· d-1] 

Schmitz, 

(eds.) 2007 

2 nAHS, TZ Average household size in 

Tanzania 

5.1 [pe · 

houshold-1] 

Schmitz, 

(eds.) 2007 

3 NPFC Percentage of total 

firewood consumption to 

cooking 

0.934 [-] Schmitz, 

(eds.) 2007 

4 npersons Size of the studied 

household 

10 fulltime 

+1 holidays 

(+2 moved 

out) 

[persons] - 

5 qNCV0 Oven-dry calorific value 

for wood with moisture 

19 [MJ · kg-1] Francescato,  

Antonini,  

Bergomi, et. 

al., 2009 

6 M Estimated weight of 

firewood on wet bases 

0.31 [-] Laurila and 

Lauhanen, 

2010 

7 nTICS Thermal efficiency of  ICS 

(Improved Cooking Stove) 

0.36 – 0.67 

0.36 used 

[-] Umogbai and 

Otkuma, 2011 

8 ηgas stove Thermal efficiency of  gas 

stove 

0.6 open 

flame 

[-] Khandelwal 

and Gupta, 

2009 

9 ηgas fridge Thermal efficiency of  gas 

fridge 

0.8 when 

enclosed 

[-] Kastensson 

and Ivarsson, 

1994 

 

2.2.3.2 Energy Need Arrived from Firewood 

Biomass is by far the most important energy resource in Msambara as in all of Tanzania. Over 

92% of the final energy consummation arrives from firewood (Tanzania ministry of water, 

energy and minerals 1992). In rural areas such as Msambara village, 93.4% of the firewood 

collected is used for cooking [nPFC] and one household utilize 7 kilos of firewood per day 

[mAWC,TZ]. In Tanzania a household on average consist of 5.1 persons [nAHS,TZ] (Schmitz 

(eds.) 2007).  

 

][ 11  


 pdaykg
n

mn
m

AHS

AWCPFC
FWfC  eq. 1 

 

For Tanzania, in rural area equation 1, on average gives the amount of firewood that a single 

person requires per day for food preparation. 
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2.2.3.3 Calorific Value of Bio-Matter 

Since the firewood normally is stored a couple of weeks one can assume that the content of 

moisture is high and will not differ significantly from new chopped or fresh wood. Newly 

chopped firewood has a moisture content of 45% on wet basis (Valenta, Spinelli and Hillring, 

2011). The moisture content falls rapidly and after about 30 day of air drying it can assume to 

be 31% (Laurila and Lauhanen, 2010). Following relationship how moisture content affects 

the recovered energy level derived from Wood fuels handbook (see equation 2 below). 

 

   ][44.210
kgMJqq MMNCVNCVm   eq. 2 

 

Their oven dry calorific value (qNCV0) for deciduous wood (hardwood) is chosen to 19 MJ/kg. 

The Moisture content on wet basis is given above to 31% and therefore the possible calorific 

value (qNCVm). 

 

2.2.3.4 The Cooking’s Necessary Heat 

The effectiveness of cooking over three stones with wood is low according to Bhattacharya et 

al (2003). The energy that can be utilized is between 5 to 20 percent of the energy feed. The 

used assumption here is that the utilized energy is more likely to be close to the minor value 

than to the grand value. For this reason the utilized energy when using firewood and three 

stones, roughly is 10% [nTTS]. 

 

An improved cook-stove (ICS) is introduced in Msambara by the free Pentecostal church 

(FPCT) and their agroforestry program (MATEP). The chosen household is using ICS and not 

three stones. The thermal efficiency of ICS varies in between 0.36 to 0.67 (Umogbai and 

Otkuma, 2011). The stove is old and needed to be changed. The cooking vessel is not a 

perfect fit in the ICS and fumes (smoke) escape easily. The used assumption here is that the 

utilized energy is more likely to be close to the minor value than to the grand value and for 

this reason the utilized energy when using firewood and ICS are chosen to be 36 % [nTICS]. 

 

][
11

heat Useful

  eTICSNCVFWfC pdayMJnqmQ
m

[MJ/day, pe] eq. 3 

 

By following the reasoning above and since a person’s use of firewood per day for cooking 

can be derived from equation 2, the energy need per person and day will easily be derived 

from equation 3. 

 

2.2.3.5 The Design Heat  

The total energy need for cooking per person and day (Qstove) is derived from equation 3. The 

thermal efficiency for the gas stove is set to be ηgas stove.  

 

 1 dayMJnQQ personsgasstovestoveds   eq. 4 

 

The genuine household daily needed heat for cooking (Qds) is shown in equation 4 above 

 

The total energy need for cooling per refrigerator and day is Qrefrigerator. The biogas facility 

will only be designed for a single refrigerator. If the thermal efficiency for the fridge is ηgas 

fridge it gives that the fridge contribution to the total design heat is according equation 5 below.  
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][ 1 dayMJQQ gasfridgeorrefrigeratdr   eq. 5 

 

The acquire design heat (Qdesign) is the sum of equation 4 and 5. 

 

 

 

2.2.3.6 Rough Estimation of Energy that Consists in Biogas 

The energy potential in every cubic meter of methane at atmospheric pressure is 9.97 [kWh] 

(biogasportalen, 2011) or 35.9 [MJ]. For every kilogram slurry possible to be extracted from 

biogas (VS), 0.7 cubic metre of biogas is produced with the methane content of 67% 

(Forsberg and Olofsson, 2003). A rough answer about the energy possible to extract per 

kilogram volatile solids (VS) can be determined from equation 6 below. 

 

][
1

44


 VSCHbiogasCH kgMJnVQQ  eq. 6 

 

Needed organic matter (VS) 

One can assume the effectiveness for a general biogas stove to be 60% (Khandelwal and 

Gupta, 2009) this will provide the supplied heat needed from the formed biogas per person 

and day is derived from equation 3, the energy need per person and day above.  

 

][ 11

sup


 daypMJnQQ eTBSUsefulheatpliedheat  eq. 7 

 

Taking the ratio between equation 6, the estimated energy need per person and day and 

equation 7, the energy level in the gas supplied will provide the mass of volatile solids needed 

per person on a daily basis to be added into the digester. 

 

][ 11sup 
 dayPkg

Q

Q
M eVS

pliedheat
VS  eq. 8 

 

2.2.4 Potential Energy in the Available Substrate 

The methane yield is in principal dependent on the composition of fats, proteins and 

carbohydrates in the organic material (Carlsson and Uldal, 2009). The methane yield is 

ranging normally from 0.42 to 0.96 [Nm3
CH4 ·kgVS

-1] (Carlsson and Uldal, 2009).  

 

Normally the rate of degradation of VS (ηVS) varies between 27 to 76% (Dublein and 

Steinhauser, 2011). The degradation of the substrate is considered to be mature, meaning that 

a greater deal of the organic matter will be degraded. The decomposition of Violate Solids 

(VS) is therefore set to 76 %. Also because of a relatively long reduction time and that no co-

digesting effects is taken into account, it is assumed to give a fair view.  
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2.2.4.1 Potential Energy from Human Excreta 

 
Table 2. Adopted input, for current raw material (human excreta) 

No Term Explanation Quantity Unit Source 

1 ECH4 

 

 

 

  

Energy content of one 

normalized cubic metre 

methane gas (Nm3
CH4) 

35.9 [MJ · Nm3
CH4

-1] Biogasportalen, 

2011 

2 VCH4, HE Methane production 

from human excreta per 

volatile solids (VS) 

0.69 [Nm3
CH4 · kgVS

-

1] 

Carlsson and 

Uldal, 2009 

3 mVS, urine Amount of volatile 

solids (VS) produced 

by human urine 

7.4 [gVS
 · Pe

-1· day-

1] 

Jönsson et. al., 

2005 

4 mVS, faeces Amount of volatile 

solids (VS) produced 

by humans including 

faeces and toilet paper 

46.4 [gVS
 · Pe

-1· day-

1] 

Jönsson et. al., 

2005 

5 npersons Size of the studied 

household 

10 

fulltime 

+1 

holidays 

(+2 

moved 

out) 

[persons] - 

 

Human faeces including toilet paper consist of 46.4 [gVS/pe,day] (Jönsson et. al., 2005) and 

human urine consist of 7.4 [gVS/pe,day] (Jönsson et. al., 2005). 

 

Since no reliable data on the composition of fats, proteins and carbohydrates in the organic 

material from human excreta is to be found, the methane yield (Mch4, hw) is assumed to be a 

value in between, that is 0.7 [Nm3
CH4 · kgVS

-1].  

 

  ][
11

,,, 44

  eCHVSHECHurineVSfaecesVSHE PdayMJEnVmmQ  eq. 9 

 

The energy content in one cubic meter of methane gas in atmospheric pressure is 35.9 

[MJ/Nm3
CH4] (Biogasportalen 2011) 

 

The theoretical heat possible to originate from human excreta (QHE) can be derived from 

equation 9, which is a product of the mass of human excreta and its organic matter (VS), the 

composition of fats, protein and carbohydrate it obtains, the degree of decomposition and the 

energy content in the produced biogas. 
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2.2.4.2 Potential Energy from Kitchen Waste 

 
Table 3. Adopted input, for current raw material (Kitchen Waste) 

No Term Explanation Quantity Unit Source 

6 ECH4 Energy content of one 

normalized cubic metre 

methane gas (Nm3
CH4) 

35.9 [MJ · Nm3
CH4

-1] Biogasportalen, 

2011 

7 VCH4,KW Methane production 

from kitchen waste per 

volatile solids (VS) 

0.65 [Nm3
CH4 · kgVS

-1 ] Carlsson and 

Uldal, 2009 

8 mVS,KW Amount of volatile 

solids (VS) in kitchen 

waste per person and 

day 

58 [gVS
 · pe

 -1·day-1] Jönsson et. al., 

2005 

 

 

The amount of organics kitchen waste is 58 [gVS/pe,day] (Jönsson et. al., 2005) and the 

methane gild per kilogram organic dry matter (VS) from kitchen waste the empirical data is 

0.65 cubic meters methane gas (Carlsson and Uldal, 2009). 

The energy content in one normalized cubic metre of methane gas is 35.9 [MJ/Nm3
CH4] 

(Biogasportalen, 2011) 

 

 11

,,4, 4


 daypMJEVm eCHKWCHKWVS

KW
Q  eq. 10 

 

The theoretical heat possible to originate daily per kilogram kitchen waste (QKW) is therefore 

easily derived from equation 10. 
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2.2.4.3 Potential Energy from Goat Excreta 

 
Table 4, Adopted input, for current raw material (Goat excreta) 

No Term Explanation Quantity Unit Source 

9 ECH4 

 

 

 

  

Energy content of one 

normalized cubic metre 

methane gas (Nm3
CH4) 

35.9 [MJ · Nm3
CH4

-1] Biogasporta

len, 2011 

10 ηCH4, Goat Amount of methane in 

the biogas 

 0.7  [Nm3
CH4 · 

Nm3
biogas

-1] 

Haenlein 

and Ace, 

(eds.) 1992 

11 Vbiogas, sheep Biogas production from 

sheep waste per volatile 

solids (VS) 

0.3 – 0.5 

(0.4 is used) 

[Nm3
biogas · 

kgVS
-1  ] 

Deublein & 

Steinhauser, 

2011 

12 ηVS,sheep Degree of volatile 

solids (VS) in total 

solids (TS) of sheep 

waste 

0.80 – 0.85 

(0.83 is used) 

[kgVS
 · kgTS

 -1] Deublein & 

Steinhauser, 

2011 

13 ηTS/mgoat Amount of total solids 

(TS) per kilogram goat 

per day 

0.013 [kgTS · kgget
 -1· 

day-1] 

ASAE, 

2003 

14 ηTS/mgoat Amount of total solids 

(TS) per kilogram goat 

per day 

0.01 – 0.02 

(0.13 is used) 

[kgTS
 · kggoat

-1· 

day-1] 

Peacock 

1996 

15 mmanure, goat Amount of manure per 

kilogram goat per day 

0.041 [kgmanure
 · kggoat

-

1· day-1] 

ASAE, 

2003 

16 mgoat, est Estimated goat weight 45 – 60 

(56 kg is 

used)  

[kg · goat-1]  - 

17 ngoats Amount of zero grazing 

goats in the studied 

household 

2 [goats] - 

 

Goats excrete daily, regardless of feed type, a minimum of 34g protein, 8g fat and 13g 

carbohydrates for each kg feed dry matter eaten. This would mean that a 68 kilograms goat, 

milking barely four litres of milk a day and been given 3 kilograms of feed dry matter daily, 

would lose 3 x 34 = 102g protein  daily in her faeces, not even accounting for her milk 

production and her own maintenance needs. (Haenlein and Ace, (eds.) 1992). 

 

The methane yield from the different substrate components is according to Mr. Schnürer 

(cited in: Uldal and Carlsson, 2009). Fats yield 0.96 [Nm3
metane/kgVS], Proteins yield 0.51 

[Nm3
metane/kgVS] and Carbohydrates yield 0.42 [Nm3

metane/kgVS]. This will give that the 2 goats 

above will minimum produce 205 grams of proteins times 0.51 [Nm3
metane/kgVS] gives 0.11 

Nm3
metane, In the same way, from the 69 grams of fats, 0.065 Nm3

metane will be produced daily, 

and finally from the carbohydrates 0.011 Nm3
metane. The total minimum will be 0.19 Nm3

metane 

or 6.8 [MJ/day]. Most probably it is more! 

 

An alternative method to approximate the real energy potential from the goats follows.  
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A goat is likely to produce 1 to 2 percent of its weight as dry matter (TS) of manure per day. 

Therefore a 30 kg goat might produce 300 to 600 gram dry matter (TS) of manure per day, 

depending on the feed intake and digestibility of the diet. (Peacock, 1996) The composition of 

goat manure is that it contains 40 to 60 percentage of moisture, 1 to 3 percent of nitrogen, 0.2 

to 0.8 percent of phosphorus and 0.4 to 0.8 percent of potassium (Peacock 1996) 

The goat wastes are approximately 66 percent solid waste and 33 percent urine (Peacock 

1996). In order to collect solid and urine waste, the goat house must be constructed in such a 

way that allows tapping from underneath as in the actual household. 

 

The actual goats estimated weight is 45 to 60 kilograms per each. This gives us that the total 

solids in the goat manure per day to be 900 to 2400 grams. On average it gives 825 grams of 

dry matter (TS) per goat and day. The amount of organic dry matter (VS) in dry matter (TS) 

in sheep waste usually varies in between 80 to 85 percentage (Deublein and Steinhauser, 

2011).  

 

Additionally, the biogas yield (Vbiogas, sheep) is somewhere in between 0.3 to 0.5 [Nm3 · kgVS
-1 

(Deublein and Steinhauser, 2011) but was set to 0.4 [Nm3 · kgVS
-1]. 

 

From the Goat Handbook (Haenlein and Ace, (eds.) 1992) above we can conclude that the 

goat manure will consist of 53% proteins, 18% fats and 13% carbohydrates. This should yield 

a methane content (nMiB,goat) of 70 percentages in the biogas.  

 

The energy potential from the goats manure is in this case: 

 

][2 1

4,4,,,,

 dayMJEnVnmQ CHgoatCHsheepbiogassheepVSgoatTSestgoatGoat   eq. 11 

 

The estimated total heat extracted from the two goats (Qgoat) will therefore be given from 

equation 11. This will be assumed to be correct! 
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2.2.4.4 Potential Energy from Cow Dung 

 
Table 5, Adopted input, for current raw material (cow dung) 

No Term Explanation Quantity Unit Source 

18 ECH4 Energy content of 

one normalized 

cubic metre 

methane gas 

(Nm3
CH4) 

35.9 [MJ · Nm3
CH4

-1] Biogasportalen, 

2011 

19 VCH4, CD Amount of methane 

in the biogas 

0.55 – 0.65 

(0.6 used) 

[Nm3
CH4 · m

3
biogas

-

1] 

Abbasi, Tauseef 

and Abbasi, 

2012 

20 Vbiogas,CD Biogas production 

from cow dung per 

volatile solids (VS) 

0.5 [Nm3
biogas · kgVS

-1  

] 

Deublein and 

Steinhauser, 

2011 

21 ηVS,CD Degree of volatile 

solids (VS) in total 

solids (TS) of cow 

dung 

0.85 [kgVS
 · kgTS

 -1] Deublein and 

Steinhauser, 

2011 

22 mTS/cow Amount of total 

solids (TS) per cow 

per day 

3.5 [kgTS
 · cow-1· day-

1] 

Deublein and 

Steinhauser, 

2011 

23 mVS, kg Amount of volatile 

solids (VS) per kg 

dairy cow 

0.001 [kgVS
 · kgcow

-1· 

day-1] 

ASAE, 2003 

24 mCD, kg Amount of cow 

dung per kg cow 

0.058 [kgCD
 · kgcow

-1· 

day-1] 

ASAE, 2003 

25 mcow The weight of a 

cow 

360 [kg· cow-1] ASAE, 2003 

26 ncows Amount of zero 

grazing cows to be 

in the studied 

household 

2 [cows] - 

 

A cow produces 0.05 cubic meters of manure per day or 3.5 kilograms of total solids per cow 

and day (Deublein and Steinhauser, 2011). 85 % of the dry matter (TS) is organic dry matter 

(VS) and the methane gild per kilogram organic dry matter (VS) from cow manure is 0.5 

cubic meters biogas (Deublein & Steinhauser, 2011).  The household plan is to acquire 2 

cows. 

 

The energy content in one normalized cubic metre of methane gas is 35.9 [MJ/Nm3
CH4] 

 

 11

,4,,/
/ 4

  cowdayMJEVVm CHCDCHCDbiogasCDVScowTS
COWCD

Q   eq. 12 

 

The theoretical heat possible to originate from cow dung per single cow daily (QCD/COW) is 

specified from equation 12. 

 

 

 11

,4,,
/ 4

  cowdayMJEVVmm CHCDCHCDbiogaskgcowVScow
COWCD

Q  eq. 13 
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Alternatively, if the weight of a cow is 640 kg it produces 6.4 kg of volatile solids per day 

then the theoretical heat possible to originate per single cow from cow dung daily (QCD/COW) 

is specified in equation 13. 

  

The mean value between the results from equation 12 and 13 above will be the used value. 

 

2.2.4.5 Potential Energy from Garden Waste 

 
Table 6, Adopted input, for current raw material (garden waste) 

No Term Explanation Quantity Unit Source 

27 ECH4 Energy content of one 

normalized cubic metre 

methane gas (Nm3
CH4) 

35.9 [MJ · Nm3
CH4

-1] Biogasportalen, 

2013 

28 VCH4,GW Methane production 

from garden Waste per 

volatile solids (VS) 

0.25 [Nm3
methane · 

kgVS
-1 ] 

Carlsson and 

Uldal, 2009 

29 ηVS,GW Degree of volatile 

solids (VS) per total 

solids (TS) of garden 

waste 

0.60 [kgVS
 · kgTS

 -1] Carlsson and 

Uldal, 2009 

30 ηTS,GW Degree of total solids 

(TS) of garden waste 

0.60 [kgTS
 · kgGW

-1] Carlsson and 

Uldal, 2009 

 

From the garden waste 60% of the wet weight consists of dry matter (TS).  Of the dry matter 

(TS) 60 % is organic dry matter (VS) and the methane gild per kilogram organic dry matter 

(VS) from garden waste is 0.25 cubic meters methane gas (Carlsson and Uldal, 2009). 

The energy content in one normalized cubic metre of methane gas is 35.9 [MJ/Nm3
CH4] 

(Biogasportalen, 2011) 

 

 1

,,4,, 4


 GWCHGWCHGWVSGWTS

GW
kgMJEVq   eq. 14 

 

The theoretical heat possible to originate per kilogram garden waste (qGW) is given from 

equation 14. 

 

2.2.4.6 Total Utilized Heat 

The lack of needed heat for cooking [MJ/pe, day] after subtracted the potential heat from 

human excreta (QHE) and kitchen waste (QKW) taking the thermal efficient for the gas stove 

(ηgas stove) in account can be derived from equations 3, 9 and 10. 

 

  ],/[ e

KWHE
stovegas

stove
DL pdayMJQQ

Q
Q 


 eq. 15 

 

Number mean number of individuals living in the household per day is shown in equation 16, 

below. 

 

 daypdayspdayspn eee

household /721710   eq. 16 
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The lack of the household’s weekly needed heat for cooking will be derived from the result 

above (equation 15) when adding the potential heat from the goats (equation 12). Taking the 

ratio between the result and equation 14 (garden waste) will provide the garden wastes that 

have to be added (mGW) to cover the calculated need for cooking, this if no cows are present. 

 

The need for cooling is (Qrefrigerator) times the thermal efficiency ηgas fridge. Together with the 

lack for cooking, the supply heat from goats’ waste (Qgoat), human waste (QHE), kitchen waste 

(QKW) it sums up to a lack of required heat. 

  

 dayMJ
Q

nQQQ
fridgegas

orrefrigerat
householdDLgoatLwC /2 











 eq. 17 

 

When two cows are present and available in principle it will therefore require no garden 

waste. 

 

 dayMJ
Q

nQQQ
fridgegas

orrefrigerat
householdDLLwCpotential /








 

 eq. 18 

 

The total potential heat is derived from equation 18. 

 

 

2.2.5 Important Factors in the Production of Biogas 

To achieve an efficient biogas production it is important to oversee and create favourable 

conditions for digestion. The supplied organic material should be finely divided (crushed) and 

added in suitable amounts. The substrate must be in fluid state and / or stir well so that the 

bacterial cultures have access to the feed. The opaque digestion chamber should keep a nearly 

constant temperature and it is desirable that the feed is at a next to equal temperature as the 

slurry has inside the digester. Sufficient amounts of nutrients, nitrogen and water is critical. 
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2.2.5.1 C/N-Ratio 

Table 7, Adopted input, for current raw material 

No Raw material C/N-ratio Volitile 

Solids 

(VS) 

[g/pe,day] 

Water 

[g/pe,day] 

Source 

1 

 

Compostable Waste  

Kitchen Waste 

(including Food Waste) 

19 58 162 Abbasi, Tauseef and 

Abbasi, 2012 

2 Human Faeces 8 23,9 109,6 Jönsson et. al., 2005 

3 Toilet Paper >200 22,5 1 Jönsson et. al., 2005 

4 Human Faeces 

including Toilet Paper. 

10 46,4 110,6 Jönsson et. al., 2005 

5 Urine 1 7,4 1487 Jönsson et. al., 2005 

6 Garden Waste 20 36* 64* Carlsson and Uldal, 

2009 

7 Eggshells 12-15 - - Gardenweb, 2013 

8 Sheep Excreta 19** 14 – 21* 79 – 

86* 

Deublein and 

Steinhauser, 2011 

9 Goat Excreta 12 320 - Abbasi, Tauseef and 

Abbasi, 2012 

10 Cow Dung 24** 2970 530 Deublein and 

Steinhauser, 2011 

11 Carbon-rich bedding: 

(Straw) 

(Chip) 

(Peat, pH 3.5-4) 

 

80-140 

 

100-400 

 

~ 100 

- - - 

* % of wet weight; ** Jönsson et. al., 2005 

The relative ratio between carbon and nitrogen, C / N ratio, is important and should be within 

a range of 20 to 30. (Abbasi, Tauseef and Abbasi, 2012) That is to say 20 to 30 carbons per 1 

nitrogen, see Table 7. According to Dieter Deublein and Angelika Steinhauser (2011) it 

should be in a range of 16:1 to 25:1. Nitrogen-rich materials are for example urine, kitchen 

waste, manure, plant waste and grass clippings. Carbon-rich material is woody material, 

straw, sawdust and paper. 

 

A rough calculation example: If the carbon content in a material is 45% and the nitrogen 

content 2.4%, the C / N ratio of 18.75. Eggshells have a C / N ratio in between 12 – 15 

(Gardenweb, 2013).  

 

Different materials have different C / N ratio and can therefore advantageously be combined 

to achieve an optimum ratio. 
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Substrate main feed to the digester is human excreta, goat excreta, kitchen waste and garden 

waste in the initial phase and later cow dung is added. In the initial phase the following 

relationship can be put up. 

 

GWKWgoatHE

GWGWKWKWgoatGoatHEHE

IPratiomix
mmmm

mNCmNCmNCmNC
NC






////
/ ,,

 eq. 19 

 

 

When cow dung is to be added one can in the same way put up a similar relationship to 

calculate the real mixture C/N-ratio. 

 

Furthermore, the proportion of solids is important. Generally considered a dry solids content 

of about 10 to 25% dry matter to be good (Abbasi, Tauseef and Abbasi, 2012). For that reason 

water is normally added. 

 

2.2.5.2 The Acidity and Various Additional Important Parameters 

The acidity (pH) in the digester should be stabilized about 7.2 to 8.2, and therefore a desired 

pH of the incoming material is 6 to 7 (Abbasi, Tauseef and Abbasi, 2012). The plants are of 

the type fixed dome with a primary and a secondary digester. Eggshells are added into the 

system and the primary chamber to help to neutralize the acidity since human urine is not 

sorted out. 

 

On top of the digester there is 1 meter layer of soil which function is to provide isolation, 

prevent temperature changes and keep a stable inside environment. Since the plant is below 

ground level it is assumed that the design temperature will keep the same temperature as the 

mean outdoor temperature and in Kigoma region it is around 23.75 degrees of Celsius. 

(ClimateZONE.com, 2004). The average temperature in Lake Tanganyika is about 24 degrees 

Celsius (Verburga and Hecky, 2009) that could serve as an indicator for the design 

temperature. 

 

Other important factors are the water retention time (HRT), the substrate retention time (SRT) 

and food to microorganism ratio (F / M ratio). 

 

2.2.6 Determination of Digester Capacity 

 

For cow dung and plant residues it usually takes 50-80 days to start producing gas under 

anaerobic conditions (Schmitz, (eds.) 2007), to be exact that is the minimum time for the 

substrates in the digester.  

 

The incoming feeds of substrates are replacing the old feed. For that reason the retention time 

(RT) is an outcome of the amount of feed in addition to the digester volume.  

 

The cooling plus cooking energy need decide the plant size and an important factor is to 

achieve a high enough decomposition of organic substrates feed into the digester, to get a 

satisfying hygienization and a good methane yield.  

 

From the table 11, theoretical daily amount of individual substrates in and its theoretical 

biogas production, the diversity of the feed, is shown.  
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The necessary heat (Qdesign) shown in equation 4 and 5 for cooking and cooling is compared to 

the produced heat and the ratio is an indicator of how much greater the mixture must be in 

order to produce the required amount of heat. The produced heat for designing the digesters 

total volume is the sum of the total utilized heat from human waste, kitchen waste, goat waste 

and cow dung where in principal no garden waste is required (equation 18). The ratio is 

calculated. 

 

heatoduced

heatNecessary
O reqCH

,Pr

,
,4

  eq. 20 

 

The necessary heat input for cooling and cocking is the sum of equation 4 and 5 (Qdesign) 

[MJ/day] when taking the thermal efficient in to account. The potential produced heat (Q∑ 

potential) is the heat from the formed biogas when two cows are available and no garden waste 

is needed and shown in equation 18. It gives OCH4, req ratio. 

 

The ratio between the necessary and produced heat is a functional tool to design the digester. 

The ratio is multiplied by the amount of available substrates feed putted in to the digester 

(from human waste, goat waste, cow dung and kitchen waste) to obtain the weight of the 

substrates that would satisfy a sufficient methane production, given the current composition. 

The weight is later converted into volume assuming that 1 kg ≈ 0.001 m3. 

 
 

1000

4

,

cowKWgoatsHEreqCH

substratein

mmmmO
V


 [m3] eq. 21 

 

Vin,substrate sums up as shown in equation 21. 

 

The incoming substrates are mixed with water to a 1 to 1 ratio, giving the total sum of 

incoming substrates and water according equation 22 to. 

 

substrateinLPin VV ,, *2 [m3]   eq. 22 

 

The smallest required volume of the digester is decided from the relationship (equation 23) 

below. 

 

RTVV LPindigestesr *, [m3]  eq. 23 

 

Depending on the retention time (RT) the design volume (Vdigester) can be derived from 

equation 23. 
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2.3 Socio-Economic 

The socioeconomic study is divided in to two clusters. The first is the field study that is based 

on observations, interviews and literature study, which was the used method to gather 

information. The second is a case study based on the actual field study and the facility design.  

 

The first cluster is divided into three stages: 1collecting of data through observation and 

interviews before the use of biogas, 2collecting the same type of data after the use of biogas, 

and then 3comparing these studies. Since the digester was not in operation in time for the 

second stage of the first cluster, methane gas was bought and the household used it for eight 

days before the interviews and observation study was repeated.  

The second cluster can be looked up on as a fourth stage in the socioeconomic study where a 

mathematical model is constructed based on different possible scenarios of the actual 

household and the output they may provide. 

 

2.3.1 The Field Study 

The field study is what one might term as a comparative action-study. Inspiration for the field 

study is to be found in literature such as Matts Mattsson: ”Att forska i praktiken, en 

kunskapsöversikt och en fallstudie” (no English title available)  and in Martyn Denscombes: 

"Research Guide for small-scale research projects in the social sciences." The practice-

oriented research is characterized by both closeness and distance, but above all of orientation 

towards action. It aims to bring about a change in the given conditions (Mattsson, M., 2004). 

 

Triangulation is the used method. Triangulation approaches the object or source for study 

from different points of view and perspectives, to obtain greater accuracy and a more 

complete picture. Triangulation is a strategy that allows a combination of different methods 

and makes it possible to compare and balance the results. This can provide a more accurate 

picture, thereby increasing the reliability of the studied substance because the results can be 

confirmed (Denscombe, M., 2009). The combined methods used are written sources, direct 

observations and semi-structured interviews. 

 

2.3.1.1 Field Method 

The field study was divided into three stages. The first phase charts the social situation of the 

household before the bioreactor is operational. The second part repeats the work of the first 

phase, recording the social situation after that the plant is assumed to be function normally. 

The third compares and interprets the results and change identified. The methods used are 

interviews and observation / observations and measurements. Since the study is of 

comparative nature, it is restricted during the third stage to distinguish elements such as the 

purchasing of raw materials for cooking, setting the table, and dishwashing. 

 

2.3.1.1.1 Observations 

Observations were made to gain an idea of how much time, effort and financial resources are 

devoted among the distinctive elements. Continuously, throughout the study, issues were 

documented concerning the wood supply and the wood needs. A day was set aside to comply 

with the person who has primary responsibility for the food preparation, for both the first as 

well as the second part of the study. To achieve high reliability during the observation as 



Karlstad University  Viktor Nygren 

Master Thesis 

 

- 31 - 

much as possible was recorded even things that at the time might seems to be of less 

important nature. 

 

There are two main methods of observation, systematic observation and participant 

observation (Denscombe, M., 2009).  

 

In this study the observation consisted of attending and following the work of the household, 

without disturbing. The time frame was from 5 am early morning to 11 pm late night. 

 

Notes were taken during every observation to document the findings and to ensure that no 

details will be omitted.  And all activates were clocked with stopwatch. 

 

2.3.1.1.2 Interviews 

Interviews are appropriate to use to document each concerned participant’s perceptions of the 

situation. By using pre-designed interviews specific information was sought. The interviews 

was based on preconceived family roles. The man and woman were interviewed separately. 

The children was divided into two groups, adult children and schoolchildren and interviewed 

as individual groups. Both the personal interviews and group interviews was recorded. During 

the group interview the difference between the girls and the boys responses was given special 

attention. Children who have not yet started school was excluded! 

 

Before the start of the interviews the participants were informed about the study and how the 

answers would be used. The first questions of the interview was designed to be easy to answer 

and include general questions about the subject. The following questions were more specific 

and aim to encourage the interviewees to talk about the subject. Besides listening to the 

answers during the interview, it is important to read between the lines. By specifically 

searching for inconsistencies and identifying self-posturing one can, among other things, help 

ensure that responses are not just designed to satisfy the interviewer. The interview was ended 

with the interviewee getting the opportunity to convey something or anything that they 

consider relevant that may have not been addressed during the interview. 

 

Written field notes and audio recordings was used to document the information from the 

interviews. 

 

There are different types of interview techniques, semi-structured and unstructured interviews 

(Denscombe, M., 2009). The semi-structured interview technique with predefined questions is 

used in the field study. These types of interviews are flexible, it encourages the interviewee to 

talk freely and detailed about topics (Denscombe, M., 2009). 

 

There are also structured interviews, which are similar to questionnaires. This type of 

interview method is associated with quantitative studies, which have a large number of 

respondents and manage large amounts of data (Denscombe, M., 2009). Since this study was 

limited to one plant and a single household and had limited resources in terms of time, 

personnel and budget, the previously described interview method was assumed to give a 

greater validity.  In the context that this field study was conducted the semi-structured 

interviews were supposed to generate more qualitative data than structured interviews. 

Therefor the semi-structured interview was used in this case. 

 

2.3.1.1.3 Interpreter 
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An interpreter was used during the interviews because the interviewees know little or no 

English, and the interviewer is limited in his Swahili knowledge. It should be noted that the 

use of an interpreter may lead to misunderstandings and misinterpretation when the questions 

and the answers must be translated by a third party. A great benefit was that the interviewer 

know enough of the local language to be shore of that the interpreter translated accurate. 

 

2.3.2 The Socio-Economic Case Study 

In this case study different possible scenarios for the actual household and the output they 

provide is also examined. It can be looked at as a fourth stage in the socioeconomic study. 

 

2.3.2.1 The Base 

The simulation is an attempt to model real or supposed events of the household. The 

household is the established system boundary for the model. This studies how the system 

under current conditions and assumptions behave if the known conditions (input data) of the 

household would be changed. 

 

The modelling of the household's situation is mathematically based, where the system's 

behaviour over time is determined by a set of parameters and initial conditions. The 

parameters considered as constant variables in given situations and can take different constant 

values in varying situations. The different variables are changed to affect the system and 

through these changes various types of effects can be read. 

 

The model permits to vary the number of persons in the household, number of meals per day, 

number of cows and goats, the households cooling capacity, energy source (biogas and / or 

wood), catering or not catering and possible use of garden waste which is limited by energy 

availability and time, see table 8. 

 
Table 8. Adopted input data and the allowed range (Simulation) 

No Input 

Data 

Explanation Specified 

possible 

input 

alternative 

Input Range Unit 

1 Pe FT Persons living in the 

household 7 days a week 

 

Pe FT ∈ N 1 ≤  Pe FT < ∞ [Pe· day-1] 

2 Pe 
WE Persons living in the 

household weekends 

 

Pe 
WE ∈ N 0 ≤  Pe 

WE < ∞ [Pe· day-1] 

3 G Present no of goats 

 
G ∈ N 1 ≤ G < ∞ [No

G] 

4 C Present no of cows 

 
C ∈ N 1 ≤ C < ∞ [No

C] 

5 M No Meals per day 

 
M ∈ N 1 ≤ M ≤ 3 [No

M] 

6 R No of gas refrigerator 

Capacity of 204 litres. 

Annual energy 

consumption of 1824 

kWh.    

R ∈ N 1 ≤ R ≤ 3 [No
R] 
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7 Cat Catering activity, Yes or 

No 

(Value 0 

   Label {Cat = 0} 

 Value 1  

   Label {Cat∈ R  

   0 ≤ Cat < ∞}) 

 

Cat ∈ N 0 ≤ Cat ≤ 1 [ - ] 

8 ER Main Energy Resource, 

BioGas or FireWood 

(Value 0 

   Label {BG∈ R  

   0 ≤ BG < ∞} 

Value 1 

   Label {FW∈ R  

   0 ≤ FW < ∞ and BG=0 

   and GW=0}) 

 

ER ∈ N 0 ≤ ER ≤ 1 [ - ] 

9 GW Garden Waste, Additional 

Energy resource to cover 

eventual lack of Biogas 

for Cooking need. 

(Value 0 

   Label {FW∈ R  

   0 ≤ FW < ∞  

   and GW = 0} 

Value 1 

   Label {GW∈ R 

   0 ≤ GW < ∞ 

   and FW = 0}) 

 

GW ∈ N 0 ≤ GW ≤ 1 [ - ] 

10 GWX Additional Garden Waste, 

To max Catering profit 

(Value 0 

   Label No extra GW 

Value 1 

   Label {GW ∈ R 

   18,5 ≤ GW < ∞}) 

GWX ∈ N 0 ≤ GWX ≤ 1 [ - ] 

 

The model gives an indication of how the households’ economical resources and energy 

needs are changing over time. It also shows how the households’ available time is affected. 

 

The model is a form of sensitivity analysis in which the sensitivity of the household is 

assessed in the model output when the input may vary, such as the household economy, time 

available and energy needs. The variation in the input data in the model depends on potential 

and hypothetical changes. The sensitivity analysis is performed to value how the changes in 

specific input individually affect the value of the output. 
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Figure 4, Simplified block illustration over how the model operates 

 

Green blocks in Figure 4 are the input by choice after the limits specified in table 8. Table 8 

also explains the input nomenclature. The purple blocks illustrate the output that the model 

delivers.  

2.3.2.1.1 Basic Assumptions 

The time period of the field study is the support of the present flow assumptions. 

The basis of the model is the mathematical relationship and assumptions in the connection set 

for the design of the facility, see table 1 to table 6 and the 1st to the 18th equation. The price 

and duration of commodities and services have been developed locally in place. 

2.3.2.2 The Cases 

In this case study different possible scenarios are studies for the actual household and the 

output they provide. 
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The situation in the actual household before the biogas plant is brought into operation is 

referred as Case 0. The cooking is performed on traditional local method with firewood as the 

energy source over open fire. The family used daily about 16 kg Firewood in total when non-

food preparation activities are excluded only 13.2 kilograms is utilised. 

 

Case IP is the initial case described in the design process. This is when the biogas facility is 

put into operation. The actual household has then switched to biogas as the energy source. 

The substrates used are household waste, goat manure, garden waste and the human toilet. In 

case IP it also studies how the possible lack of energy for cooking is handled. There are two 

choices, one to add sufficient amount of garden waste or to cook some meals with the more 

traditional method of cooking, over an open fire with firewood. 

 

Case 0 serves as the reference case; to some extent, case IP also is helping as a reference case. 

Through the reference cases possible time saving, economic improvements and total energy 

change are calculated. The analysis is performed to value how the changes in specific input 

individually affect the value of the output. 

 

Only cooking activities-the resources it requires and the duties, services and equity to obtain 

enough fuel for cooking-are included.  In the latter cases cooling capacity and catering also 

are included. The overall situation of the household regarding the finances and time are not 

affected. The model only deals with how the required time and how the financial costs are 

varying. This depends on the chosen energy source, available substrates used and the 

estimated energy requirements.  

 

The system boundary is the household, the family’s cooking related activities and costs. A 

different household may have different conditions and therefore, no general conclusions can 

be drawn. The only possible finding is how the studied household may be affected by 

different initial conditions. For example other households buy firewood to a greater extent, 

and in general, households in Msambara have longer distance to their farmland and firewood 

sources. 

 

In Case A, two zero grazing dairy cows are present in addition to what’s current in the initial 

phase. Accessible substrates are human excreta, kitchen waste, goat dung, cow dung and 

garden waste. From Figure 16 one can conclude that human excreta, kitchen waste, goat dung 

and cow dung will provide full coverage for the required heat demand for cooking. 

 

In Case B, which is identical to the later phase that serves as the base for the design of the 

biogas facility, two zero grazing dairy cows are present and a fridge is installed. Accessible 

substrates are therefore human excreta, kitchen waste, goat dung, cow dung and garden waste. 

Human excreta, kitchen waste, goat dung and cow dung will provide almost full coverage for 

the required heat demand. This is shown in Figure 7. 

 

Case C is studying how a catering business would affect the family's financial situation; this is 

possible if the excess energy is used to produce Chapati, a local corn cake, for sale on the 

local market. 

 

The personal health is an important factor to take into consideration when it comes to the 

introduction of biogas, but this is not taken up in the model. 
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3 Results 
The results from this thesis are presented below. 

3.1 Results Facility Design 

The result from the designing process is offered in this chapter. 

3.1.1 Results of Temperature Data 

Figure 5 shows the temperature signatures and Table 9 displays the weekly averages for the 

location of the facility site. The period averages 22.6 ºC for the 2.4 meters depth. For the 

depths 2.1, 1.8 and 1.5 the average is in practise the same. The maximum variation for these 

depths is 0.8 to 0.9 ºC. At the depths of 0.3 and 0.6 meters the variation is 1.1 and 0.7 ºC 

respectively this is still not as large as the variation of 1.9 ºC in the air temperature, but one 

can see a greater impact from the air zone. During week 10, from the 4th to 10th of March, the 

backfilling around the digester was performed. Therefore one can notice a stabilisation of the 

temperature at the deeper depths. The minor depths still had a wall exposed to the air zone as 

shown in Figure 2. The data from the slurry measurement is not caused by the air zone in the 

same way. The period’s mean for the slurry is 24.6 ±0.4 ºC. 

 

 

 
Figure 5, Temperature averages at the facility location from 18 February to 15 April 2013. 

 

The periods mean air temperature was greater than the soil temperature. To point out that this 

in-situ measurement was carried out during the rainy season that is a cooler period than the 

dry season. One can notice that the temperature of the slurry is about 2 ºC higher than the soil 

temperature. This can indicate that the excavation leading to that and the air, wind and 

temperature is affecting the result.  
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Table 9, Weekly Temperature Averages for the Facility Site. 

  WEEK 
2.4m 
(OC) 

2.1m 
(OC) 

1.8m 
(OC) 

1.5m 
(OC) 

1.2m 
(OC) 

0.9m 
(OC) 

0.6m 
(OC) 

0.3m 
(OC) 

Slurry 
(OC) 

Air 
(OC)   

  W 8 22,5 22,2 21,9 22,0 21,7 21,6 21,4 21,5 24,4 24,4   

 W 9 22,0 22,1 21,9 21,9 21,7 22,1 21,7 22,2 24,4 26,0  

 W10 21,8 21,7 21,7 22,0 22,2 22,5 22,4 21,9 24,5 24,4  

 W11 22,9 23,3 23,2 23,2 22,5 22,2 21,7 22,0 24,6 24,6  

 W12 22,9 22,9 23,0 23,0 22,3 21,7 21,2 21,7 25,0 23,0  

 W13 22,6 22,7 22,8 23,1 22,4 21,9 22,4 22,1 24,5 23,9  

 W14 22,7 22,6 22,6 22,8 22,3 21,7 21,5 22,1 24,8 23,3  

  W15 23,0 23,2 22,9 23,0 22,0 21,6 21,2 20,6 24,2 22,8   

 Period Mean 22,6 22,6 22,5 22,6 22,1 21,9 21,7 21,8 24,6 24,0  

  max Deviation 0,8 0,9 0,8 0,8 0,4 0,5 0,7 1,1 0,4 1,9   

 

In Table 9 one can see that the slurry varies in-between 24.2 to 25 degrees Celsius, indicating 

that the placement of the digester is providing a stable enough environment according to the 

temperature view. 

 
Table 10, Results facility design 

No Term Explanation Quantity Unit 

1 mfirewood Firewood needed to cook 1.28 [kg/day, Pe ] 

2 Qstove Needed heat for cooking 9.5 (5.7) [MJ/day, Pe] 

3 Qcooling Needed heat for cooling 11.25 (9) [MJ/day] 

4 QHE Amount of useful heat from human 

excreta 

1.03 [MJ/day, Pe] 

5 QKW Amount of useful heat from kitchen 

waste 

1.31 [MJ/day, Pe] 

6 Qgoat Amount of useful heat from goat 

excreta 

6.9 [MJ/day, goat] 

7 QCD Amount of useful heat from cow 

dung 

35.4 [MJ/day, cow] 

8 qGW Amount of useful heat from garden 

waste 

3.23 [MJ/kgGW] 

9 ٩GW, IP Required amount of garden waste in 

the initial phase. (No fridge and no 

cows) 

18.5 [kgGW/day] 

10 ٩GW, LP Required amount of garden waste in 

the Later phase.  

~ 0 [kgGW/day] 

11 C/Nmix, 

ratio, IP 

C/N ratio of the incoming mixture in 

the initial phase (No fridge and no 

cows) 

16 [kgC/kgN] 

12 C/Nmix, 

ratio, LP 

C/N ratio of the incoming mixture in 

the later  phase 

20 (one cow) 

25 (two cows) 

[kgC/kgN] 

13 Vbio, IP Produced biogas volume in the 

initial phase (No fridge and no 

cows) 

~ 2,72 [Nm3/day] 

14 Vbio, LP Produced volume of biogas in the 

later phase 

~ 3,04 [Nm3/day] 
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15 Vdigester, LP Required total volume of the 

digesters for full cooling and 

cooking capacity 

8,3 [m3] 

 

From Table 10 one can see that the total energy need for cooking is (Qstove 5.7) [MJ] per 

person and day. For the household’s gas-stove 97.7 [MJ/day] is demanded. 

 

The total energy need for cooling is (Qrefrigerator) 9 [MJ] per refrigerator per day. It gives, 

together with the thermal efficiency for the fridge, that the required heat for the cooling 

capacity is 11.25 [MJ/day]. 

 

In the initial phase no cows are present and no fridge is available. Accessible substrates are 

therefore human excreta, kitchen waste, goat dung and garden waste. Human excreta, kitchen 

waste and goat dung will not cover this need. To meet the calculated heat demand for cooking 

18.5 kilograms of garden waste has to be added on a daily bases which corresponds to almost 

60 mega joules. This is shown in Figure 6. 

 

 
Figure 6, Gross energies originated from the available substrates in the initial phase (no cows and no 

fridge). The Garden Waste is the gross energy required to meet the heat demand for cooking. 

 

In the later phase, which is the base for the design of the biogas facility, two zero grazing 

dairy cows are present and a fridge is installed. Accessible substrates are therefore human 

excreta, kitchen waste, goat dung, cow dung and garden waste. Human excreta, kitchen waste, 

goat dung and cow dung will provide almost full coverage for the required heat demand. This 

is shown in Figure 7. 
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Figure 7, Gross energies originated from the available substrates in the later phase. 

 

 

3.2 Results Construction Process 

The design capacity is based on an assumed cooling and cooking needs. The result of the 

construction provided a total digester volume of 13.5 cubic metres. With an annual biogas 

production volume of ~ 1 600 normalized cubic metres meaning 18 800 kg substrate can be 

treated per year, with a residence time (RT) at slightly over 130 days. The primary stage 

(initial phase) deals only with 10 300 kg substrate per year with a residence time of ~ 240 

days and a produced biogas volume of 1 400 normalized cubic metres per year, replacing 

firewood for cooking. 

 

3.2.1 Substrate 

The following categories of material, which all are different types of organic waste, shall be 

included in the management of Table 11. The table shows that livestock (manure) contributed 

77.6 %, the human toilet 9.7 %, household waste (kitchen waste) 12.7 % in the Secondary 

stage (later phase). In the primary, the initial phase, the livestock (manure) contributed 14.1 

%, the human toilet 10.8 %, household waste 14.1 % and garden waste 60.9 %. 

 
Table 11, Theoretical daily amounts of individual substrates in and its theoretical biogas production 

Substrate Unit Theoretical Amount Biogas Volume 

  Supplied to 

the 1st 

chamber 

Supplied to 

the 2nd 

chamber 

[Nm3] 

Cow Dung 

 

kg  41,8* 2,82* 

Goat Excreta 

 

kg 4,6  0,55 

Human Faeces 

together with toilet 

paper and urine 

 

kg 3,2  0,42 

Kitchen Waste kg 2,1  0,55 
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Garden Waste 

 

kg 18,4**  2,37** 

* In the later phase when cooling capacity is installed (dimensional data). (The cow dung applied directly to 

second chamber.) ** In the initial phase.  
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3.2.2 Facility Design 

The toilet is supplied intermittently and is directly connected to the primary digester. The first 

thought was that there would not be any primary digester included, only a small collecting pit, 

but during the construction process this was changed. Consequently a primary and a 

secondary chamber were constructed.  

 

Flushing is done manually with approximately; 0.6 litres of water when bladder emptying, 1.2 

litres of water and toilet paper supplied at each bowel movement. Household waste is 

collected in connection with the cooking process and after meals. Household waste is 

grounded in a manual grinder, then diluted with water in a 1:1 ratio and is then supplied to the 

primary digester once a day (in the evening). Required amount of Garden waste is collected 

from the vegetable garden and then expelled in a mortar and diluted with water in a 1:1 ratio 

before it is added to the primary digester once a day (evening). Goat excreta (droppings) is 

collected and moistened before being crushed in a mortar. Water is supplied in a 1:1 ratio 

before manure is applied to the primary digester once a day. Manure from the bovine animals 

is collected in a collecting well, diluted with water in a 1:1 ratio before it is directly supplied 

to the secondary digester every evening. 

 

The recovery of biogas is produced in the primary and secondary biogas reactor. The gas is 

collected by the fact that some moderate overpressure is naturally built up inside the digester 

chambers. The gas is supplied to a collecting lung (container). The container may, if 

necessary, be pressurized and this is done with a simple technical solution. The desired 

pressure is formed when necessary to achieve a higher gas flow by compressing the biogas 

collection. The collecting lung is placed between a top board and a tabletop. On the top board 

manually assorted weights can be placed, thereby compressing the gas and achieving an 

overpressure. The gas line is equipped with a single device for dewatering of the gas. This is 

visually inspected once a week and any discharge of water is done manually. A filter is 

installed on the line, which consists of a modified PET bottle filled with steel wool and is 

easily connected. This is to achieve a higher durability of gas equipment as the gas stove and 

the future gas-powered refrigerator. 

 

After passing the biogas reactors digesting process the slurry is collected in a collector. And 

from the collector it goes to aerobic wet composting pits. Hygienization consists in a method 

for treatment using aerobic wet composting. Compost pits are two in number and after the 

second compost pit is filled completely the emptying of the first pit will be put into action and 

vice versa. The compost material can be used as soil fertilizer on farmlands. 

 

The plant is controlled and monitored entirely manually by a fixed schedule. 
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Figure 8, Principal Flow Chart over the biogas facility 

 

3.2.3 The Biogas Yield 

The biogas yield of cause depends on the amount of substrates fed to the digesters. The yield 

is described in Table 11. 
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3.3 Socio-Economic Findings 

The findings from the field study as well as the simulation are accessible under this section. 

 

3.3.1 Field Study Results 

This socio-economic study is limited to studying the issues related to the preparing of food 

and the cooking situation of the household. Therefore the observational studies, interviews 

and literature study are concentrated on this.  

3.3.1.1 The First Part of the Study 

 

The first part of the study focused on identifying patterns of behaviours and practices in the 

household related to the household's energy needs in general and cooking in particular. It 

contained both interviews of family members and observational studies of the family. 

Through the use of multiple viewing perspectives, as previously described above in the 

method of the social-economic study, a better reliability will be provided through the 

findings. 

 

3.3.1.1.1 Household, Work and Time Consumption 

From the observation studies and interviews the collected data is presented in Table 12 below.  

 
Table 12, Collected data before introducing the biogas 

Categories Total hours 

spent weekly 

Weekly Amount Unit By how 

Buying 

groceries etc. 

5 2000 - 5000 TSh Father 

Collecting 

groceries from 

farmland 

6 25 - 60 kg Mother 

Collecting 

firewood 

6 100 - 120 kg Mother 

Making fire 3 - 4 10 - 15 times Mother or 

daughter 

Cooking 40 15 - 20 meals Mother 

(daughter) 

Dishwashing 15 15 – 20  times Mother or 

children 

Washing clothes 5 20 - 30 clothes Daughters 

(mother) 

Cleaning 10 - 20 all rooms Mother or 

daughters 

     

Grazing the 

goats 

5 - 10 30 - 40 kg Mother or son 

Feeding the 

chickens 

3 - 5 - - Children 

     

Compost 2 -  - Father 
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Table 13, Typical day before the introducing of the biogas 

Time Activity Categories 

 Wife Husband Not yet in 

school children 

School Child 

6.00 - 6.30 am Waking up Still in bed Still in bed Waking up 

6.30 - 7.00 am Preparing the 

kitchen and 

making fire 

Waking up Still in bed Helping with 

feeding the 

chickens 

 

7.30 – 8.30 Getting raw 

materials from 

the kitchen 

garden. Feeding 

the goats  

Leaving for 

work 

Still in bed Helping with 

kitchen work, 

yesterdays 

dishes 

7.00-8.00 am Preparing 

breakfast for the 

ones home and 

helping the 

small children 

with clothes etc. 

 Waking up and 

getting dressed 

Going to School 

8.30 – 9.00 Breakfast for 

the ones at 

home Breast 

feeding the baby 

Starting 

preparing food 

 Breakfast  

9.00 – 10.15 Putting away, 

doing the dishes  

and helping the 

baby 

   

10.15 – 10.45 

 

Going to the 

farmland  

   

10.45 – 11.00 At the farmland 

collecting 

groceries and 

firewood 

   

11.30 – 12.00 Going back 

home 

   

12.00 – 12.30 Taking care of 

the baby 

   

12.30 - 14.00 Cleaning and 

washing 

   

14.00 – 14.15 Spurs the fire    

14.15 – 15.00 Making dinner.    

15.00 – 15.15 Break to help 

children back 

from school 

  Back from 

school 
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15.15 – 16.00 Doing other 

work in home 

  Helping in 

kitchen 

16.00 – 18.00 Continuing with 

food 

Getting 

groceries and 

stuff from 

market  

Back from work 

washed for the 

night 

Helping the 

small kids with 

washing. 

Doing 

schoolwork 

18.00 - 19.00 Continuing with 

food and setting 

table etc 

Inspecting  Washing them 

selves 

19.00 – 20.00 Dinner time Dinner time Dinner time Dinner time 

 Cleaning the 

table etc 

Helping the kids Going to bed Doing 

schoolwork 

 washes and 

prepare for the 

night 

washes and 

prepare for the 

night 

sleeping Doing 

schoolwork 

21.00 – 22.00 Going to bed Going to bed sleeping Going to bed 

 

3.3.1.1.2 The Energy Situation 

The household's main energy source is wood fuel used for cooking. Cooking fire is normally 

made up in the morning at 6:30 am and is basically kept alive until nine o'clock at night. To 

get light the family primarily uses battery lights, but they also have a small photovoltaic 

system that includes only two light sources. The family uses lights three to six hours daily. No 

energy is used for heating. No kerosene or oil-based energy is used, nor candles. No access to 

electricity exists. 

The result from interviews with the family members and the observational studies made 

shows that all wood is retrieved from the family’s own farmland. The wood is a by-product of 

the forestry and the work of clearing new cropland. Firewood is available at no cost. The 

family consumes around 16 kg of firewood daily. The family buys batteries for 7,500 

Tanzania shillings per month, which is equivalent to one and a half day's wage or 30 Swedish 

crowns. 

 

3.3.1.1.3 Health 

No one in the family feels they have adverse health effects due to the cooking method in 

practise. However, it can be easily seen without having undergone medical training that their 

eyes are irritated by the smoky indoor environment, particularly for the mother and daughters. 

However, they claim that they do not have or have had any eye infections or respiratory 

problems. 

 

3.3.1.1.4 Economy and Welfare 

The economy is an important parameter in the social and economic analysis. Only the father 

is employed and the income from the effort is around 105,000 Tanzania shillings per month 

(420 Swedish crowns). Other revenue is from the family farm, and it generates more than one 

million shillings annually for certain purchases of seed, fertilizer, et cetera. In addition, the 

specific maintenance from a Swedish family and the money goes to pay the eldest son's 

college and expenses associated with it. 
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No one else in the family has employment or income. Expenditure is 10,000 Tanzania 

shillings per week for workers helping with the farming. Batteries for lights are a big expense 

and costs 7,500 Tanzania shilling per month. Children’s schooling is a big expense and costs 

relatively a lot. A normal tuition fee for secondary school is between 80,000 to 200,000 

Tanzanian shilling per student and semester. The family pays approximately 900,000 

Tanzania shillings annually in tuition fees. No wood is purchased and no transportation cost 

exists. Certain purchases of hygiene products and groceries are present. The sum of these 

expenses is between 5,000 and 10,000 Tanzania shillings per month. Information about 

spending on clothes and shoes is missing. 

Any eventual surplus goes to savings. The family has, for a long time, saved funds to buy two 

dairy cows and build a simple barn. 

 

3.3.1.1.5 Assets of the House 

The family's agricultural and forestry land is about 4 to 5 acres, equivalent to about two 

Swedish hectares. The household has two goats and around 10 hens with chicks. They also 

have three mobile phones and some furniture and utilities. The buildings are made of brick. 

The main building has concrete floors and the others have trampled earth floor. The roofs 

exist of sheet metal but there are no ceilings. The main house has plastered walls of poor 

standard, other buildings lacks plaster on the walls. No glass can be found in the windows but 

front doors are available to all buildings. 

The family has its own toilet but no separate hygiene- or washroom. The latrine is infiltrated 

directly into the ground. The family has a municipal water supply in the internal courtyard 

with their own tap. 

 

3.3.1.2 The Second Part of the Study 

The difference between the first part and the second part is that the biogas plant is operational. 

3.3.1.2.1 Household Work and Time Consumption 

The time saved is minimal, if not negative, and the workload is largely the same and has even 

possibly increased. 

3.3.1.2.2 The Energy Situation 

Biogas replaces fuel wood for the cooking process and firewood requirement ceases. The 

family’s needs get light, in the same way as in the first phase. 

 

 

3.3.1.2.3 Health 

The mother and her daughters say they experience less eyestrain and are more alert. This is 

despite the fact that they claimed that they did not have any adverse health effects due to the 

smoky indoor environments. 

3.3.1.2.4 Economy and Welfare 

Purely hypothetically, the family discusses the ability to cook different local food products for 

selling, but this is not yet begun. The wood that they get from their farmland they think they 

can sell. 

3.3.1.2.5 Assets of the House 
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The assets are the same as in the first phase, in addition to the biogas plant erected and a gas 

stove. 

 

 
Table 14, Collected data after introducing gas 

Categories Time spent 

weekly 

Weekly Amount Unit By how 

Buying 

groceries etc. 

5 2000 - 5000 TSh Father 

Collecting 

groceries from 

farmland 

6 25 - 60 kg Mother 

Collecting 

firewood 

6 100 - 120 kg Mother 

Making fire - - - Mother or 

daughter 

Cooking 40 15 - 20 meals Mother 

(daughter) 

Dishwashing 15 15 – 20  times Mother or 

children 

Washing cloth 5 20 - 30 cloths Daughters 

(mother) 

Cleaning 10 - 20 all rooms Mother or 

daughters 

     

Grazing the 

goats 

5 - 10 30 - 40 kg Mother or son 

Feeding the 

chickens 

3 - 5 - - Children 

     

Collecting 

leftovers 

3 6 - 8 kg Mother or 

daughter 

Collecting 

Garden Waste 

3 - 4 150 kg Children or 

mother 

Collecting Goat 

Excreta 

3 30 - 40 kg Son 

Grinding or 

crouching 

15 200 kg Son and Father 

Mixing with 

water and 

adding to 

digester 

3 200 litres Father and Son 

Looking after 

the facility and 

maintenance 

2 - - Father 

Compost - - - Father 

fertilizer  2 - - Father 
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3.3.1.3 The Third Part of the Actual Study; a Comparison 

 
Table 15, Results third part* 

Categories Traditional view 

Literature point of view 

Actual Outcome 

Comparison 

 

Time Gain 

  

Getting Groceries - No 

Cooking Procedure Yes No 

Collecting Firewood Yes No** 

Care and maintenance  - - 

Feeding the Digester - Negative 

Overall 

 

Yes - 

Health effects   

Less Smoky Environment Yes Yes 

Spread of Pathogens Yes - 

Farmland/fertiliser Yes - 

Overall 

 

Yes Yes 

Economic gain   

Firewood Yes Yes 

Fertiliser Yes Possible 

Biogas - - 

Overall Yes Yes 
 

*This table summarizes the social studies outcome from interviews and observation compared with how the 

author perceives the traditional existing perception today. 

**To get an income from the sale of firewood the work remains and since the firewood comes from the 

households own farmland the work remains the same. 

- No data find. 

 

When comparing before and after the introduction of biogas, it can be concluded that the time 

gained is close to zero, possibly negative, or at best slightly positive.  

 

Care and maintenance of the biogas plant has been added which affects the time gained 

negatively.  

What one clearly can see is that the man has the last say when it comes to course of action, 

priorities and so forth. Therefore the man usually has no interest and involvement in how food 

comes to the table. Consequently it is no incentive to change the situation according to 

cooking method, and other duties put upon the women by traditional and culture norms. 

 

It is expected that the residues will save some funds for the family who consequently will be 

in need to purchase fertilizer for agriculture use. How much they will save is unclear for now. 

 

From possible future firewood sales it will be a gain of money.  
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3.3.2 Results Case Study 

Evaluation of different hypothetical future situation compared with before biogas was 

introduced. Keep in mind when studying the results that a regular good salary when working 

is 5,000 Tanzanian shilling. 

 
Table 16, Results (food preparing related activates and recourses) from the data modelling 

Case Case 

modify 

Time 

Saved 

 
[h· day-1] 

Economic 

Gain 

 
[TSh· day-1] 

Energy 

Use 

 
[MJ· day-1] 

Biogas 

Volume 

Produced 
[Nm3· day-1] 

Garden 

Waste 

Use 
[kg· day-1] 

FireWood 

Use 

 
[kg· day-1] 

Cooking over open flame using ICS with FireWood 

0 (Reference) 0 0 162,9 0 0 13,2 

 

Cooking using BioGas stove. Substrates; Human Excreta, Kitchen Waste, Goat Manure, 

Garden Waste 

IP (-) -2,5 1368 97,8 2,7 18,4 0 

 
No Garden 

Waste 
0,3 506 137,4 1,1 0 8,0 

 

2 Cows are now introduced (Case IP plus 2 Cows) 

A (-) -3,1 1952 97,8 2,7 0 
0 

 

 
1Cow and 

6 Goats 
-5,2 1659 97,8 2,7 0 0 

 1 cow -3,3 1616 97,8 2,7 7,5 0 

 

Installing cooling capacity (Case A plus refrigerator) 

B (-) 1,34 1 952 109,0 3,0 0 0 

 
Case IP + 

1 Fridge 
1,5 1 455 109,0 3,0 21,9 0 

 2 Fridges 0,5 2 038 120,3 3,3 3,5 0 

 
2 Fridges  

3 Cows 
0,4 2 474 120,3 3,3 0 0 

 
2 Fridges 

 3 Goats 
0,0 2 043 120,3 3,3 0 0 

 

Catering service (Case B plus Catering activity) 

C (-) 1,1 1 971 109,1 3,0 0 0 

 
Extra GW 

(GWX) 
-4,9 21 354 168,6 4,7 18,4 0 

 
Case A + 

Catering 
-5.0 5 633 109,1 3,0 0 0 

 

Case A + 

Catering + 

GWX 

-10,3 25 017 168,6 4,7 18,4 0 

 3 Cows -3,8 14 025 144,5 4,0 0 0 

 

 

Figure 9 shows the energy heat required and the needed energy from available substrates. In 

Table 15 the output from the simulation run is presented and in Figure 10 to 12 the time saved 
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and the economical surplus is visualized. Figure 10 shows how time and economy varies with 

the use or non-use of additional garden waste.  

 

 

 
Figure 9, Gross energies originated from the available substrates in Case C. The total Garden Waste (~ 

59.5 MJ) is the estimated max to meet the heat demand for catering, cooking and cooling to optimize the 

economic gain from catering. 

 

When adding extra garden waste the economic gain is little over 21,000 Tanzanian Shillings 

(TSh) per day, which is about 85 Swedish crowns (Sek). The time Saved is -4.9 hours per 

day. This will give a profit of 4,363 Tanzanian shillings or 17.5 Swedish crowns daily per 

extra hour spent. In the local context it gives almost a daily wage per spent hour. 

 

 

 
Figure 10, Gross daily Economic Gain (TSh/day) for some different cases in comparison to when the ICS 

and firewood was used. The Time Saved is the less time needed to spend to meet the heat demand in the 

different Cases in comparison to when the ICS and firewood was used. 
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Figure 10 shows that when installing a cooling capacity (Case B,) the time spent will drop 

with 1.34 hours per day and bring a positive value back. This is when comparing the reference 

case (Case 0) with the case when a cooling capacity is installed (Case B). If installing a 

cooling capacity in the initial phase case (Case IP) when no cows are present and adding the 

required amount of garden waste (21.9 kg) to cover the energy need, 1.5 hours will be saved 

on a daily basis (see Table 15) compared to the reference case (Case 0). If instead comparing 

to the initial phase case (Case IP) the time saved will sum up to 4 hours daily but the 

economic surplus will be close to nothing. 

 

 
Figure 11, Energy required daily and gross daily mass from garden waste and firewood when additional 

energy is needed to cover the required energy. 

 

Figure 11 shows that when covering the lack of energy requirements with garden waste, it 

brings down the energy need and brings up the mass that needs to be collected. Table 15 and 

Figures 10 and 12 show that the mass necessary to be pulled together brings up the time spent. 
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Figure 12, Gross daily Economic Gain (TSh/day) excluding the catering option for some different cases in 

comparison to when the ICS and firewood was used. The Time Saved is the less time needed to spend to 

meet the heat demand in the different Cases in comparison to when the ICS and firewood was used. 

 

Figure 12 shows that when comparing Case A and Case B there is a time surplus of a little 

less than 4.5 hours per day. It also shows a time surplus when using firewood instead of 

garden waste in the initial phase (Case IP) but it comes with an economic cost of 301 

Tanzanian Shillings per hour saved. 
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4 Discussion 
Under the discussion, different selected aspects and the thesis work are analysed. There are 

probably more aspects that could be analysed but the link to the thesis would then not be 

obvious.  

The main hinder is the poverty matter. According to get biogas facilities as well as all other 

thinkable matters. The poverty stand in the way of success and development. The lack of 

means in form of capital and material welfare is only one side of the poverty. Lack of 

knowledge, the workability and individuals’ energy, the health issue etcetera is hinder to be 

able to construct and handle facility as the biogas digester in this case. 

The main hindrance as well as the great potential is of economic issue. According to the 

author point of view the preferred solution would be if the community would get national 

and/or international support to handle the non-existing sewage treatment as well as the lack of 

energy situation on at least a community scale.  

Throughout the process and the work with the report as well as the fieldwork it has shown 

that one have to contribute by investing money, time and effort to gain a positive outcome. 

There seems to be no shortcut. Either one have to do it by own initiative otherwise it will not 

happen. Of Course one can be lucky and someone else do it for you. There are different kind 

of problems but to earn one have to offer and dare.  

Again the others personal recommendation is that the offer and dare is made on atleast a 

community scale to accelerate the gain. 

4.1 Local Preconditions and Need for Knowhow 

The economic obstacle is insurmountable for basically the entire community in the Msambara 

village, provided that the labour and the construction materials are to be purchased. 

Households and individuals are not credit-worthy and cannot get loans. Therefore, the 

installation is designed as far as possible so that traditional construction methods and local 

materials can be used. However, the traditional working methods and local materials are not 

enough to create a dense digester. Therefore skilled labour and knowhow is required as well 

as supplementary materials being acquired. All the work that cannot be performed by the 

households’ individuals is therefore impossible. The same applies to building materials, 

unless there is a local free resource that is available for the individual household. 

 

In order to get a consistent flow of gas, it is important to have a steady supply of substrates. 

The carbon and nitrogen ratio is affected by the substrate freshness. Different substrates can 

be mixed to optimize gas exchange according to e.g. the carbon and nitrogen ratio. To 

develop and disseminate ratios for different mixes would facilitate a maximum gas exchange 

for the household, depending on the availability of various substrates. The facility's operator 

would benefit if an easy “recipe book” were to be offered with local available substrates, 

explaining how to pretreat, mix and the ratios in-between them. The possible “recipe book” 

could be a cool way to eliminate the lack of knowledge. What is important to understand is 

that you do not need to have a master degree to handle a biogas facility and to maintain the 

running. What is requested is simple guidelines and basic knowhow. 

To only use cow dung would solve the problem too since it has a huge advantage by already 

being optimized by the cows’ digestive. The small negative is that almost half the biogas 

potential is consumed by the digesting process of the cow. The big negative would be that 

most farmers would not afford it. 

 

There are a variety of problems and possibilities with the different substrates. 
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Different substrates require different types of preparation. An example is goat dung/pills that 

have to be prepared, e.g. being crushed with the help of a mortar, otherwise it goes basically 

through the process without being utilized and/or floats on the surface of the digester content. 

 

Cow dung is in many ways a good substrate. The main disadvantage is that cows are 

relatively expensive to obtain in the present context. In addition, much of the biogas potential 

of what the cow consumes is consumed, relative to the theoretically possible gas exchange of 

the original material. Another main obstacle is the local traditional of free grazing the cows 

when bringing the cows to pasture with the help of shepherds. To assimilate the cow dung 

Zero-Grazing is necessary. 

A great advantage with cow dung is that it requires virtually no preparation. However, there 

are other indirect problems with cow dung. A problem observed in this study was the use of 

antibiotics in cow husbandry. The use of antibiotics eliminates the bacterial cultures that are 

expected to produce the biogas. The result is therefore a minimal biogas exchange when cow 

dung contains critical amounts of antibiotics. Different substrates require different skills of 

their users. 

Antibiotics and use of other drugs is also a problem when dealing with human faeces. Another 

problem is detergent and mainly those having a bactericidal function. 

 

Water actually has no direct effect on the gas exchange, however, water dilution is an 

important factor because it among other things creates the conditions for microorganisms to 

gain access to the substrate, it is a thermal stability factor, and makes fluency in the process 

and residence time. The water provides the conditions for a natural stirring. 

 

To adapt the system to local conditions is a crucial problem. The big challenge is to provide 

the expected users' motivation and ability to take care of and manage the facility. Besides the 

above-mentioned conditions, a task to solve is a lack of the purely technical knowledge about 

the process and the substrates. If the conditions to maintain and manage the facility aren’t 

supplied, it will in the best-case lead to the facility eventually being decommissioned, and in 

the worst case immediately being removed from service. 

The potential of the user also depends on the person's motivation and social momentum. The 

key factor here is not whether someone understands the different benefits of biogas and slurry 

explained in theory but a vivid example is in many ways the decisive factor. Therefore, it is 

not theoretical knowledge in the larger municipal perspective that is crucial but the main thing 

is that there are households that have tangible benefits of a biogas plant. If any have a 

working digester and manage it successfully, awareness will be spread among households and 

within the community. However, in the case where no previous facility is available, training 

and social momentum is essential for success. 

 

 

4.2 Towards Sustainable Development 

The study's findings from the investigation of the household's socio-economic potential 

incorporating sustainability aspects limited to health improvement, time saved and economic 

gain are complex. It is important to realise that the present thesis is limited to the single 

specific household that benefitted from the facility constructed. Thereby, the only possible 

conclusions one can make for sure will be that the actual household is effected one way or 

another. No general conclusion can be made but the study can hint on a general possible 

change. 
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4.3 Time Saved 

An unexpected, as well as an important finding of this thesis, is that the introduction of the 

biogas facility does not provide any time saved at all. Rather, it takes time away from the 

household. Because the family no longer needs wood for the cooking procedure, one may 

assume there is no longer a need to collect and transport the firewood.  

It's not so simple that one can say that the time used to collect firewood and carry the same 

just disappears; the firewood handling is coordinated with other everyday jobs. There are 

other factors still remaining and new tasks added. 

 

One factor that greatly influences the result is that the farmland to a large extent is used to 

store food. The groceries therefore need to, on a regular basis, be harvested and retrieved back 

to home. The observation study shows that this is largely coordinated with the firewood topic. 

The daily walk to farmland remains, even though no firewood is required any more. The 

walk’s purpose now only is to retrieve the groceries needed for the day.  

 

Another factor is that the current household harvests and collects wood from their own 

farmland, and the work is needed to be performed whether they are using the wood for their 

own cooking or not using any firewood at all. Therefore, when it comes to collecting 

firewood, it is undergoing like before. Mostly because the family only gets their firewood 

from their own farmland and the farm’s needs to be looked after, regardless. There are 

possible and plausible solutions. For instance, selling the firewood to others who are in need 

to use firewood. This alternative gives a minimal time gain. 

 

Another alternative is to provide the unharnessed wood in favour of work performed from 

those individuals that get to keep the wood.  

The latter is only attractive if there are available households that, in one way or another, 

benefit from utilising the firewood from the household’s farmland. For example, if the 

distance to the wood source is practically beneficial. 

Providing firewood from the household's farmland to other households may be followed by 

diverse complications; cultural as well as social, due to views on property rights and family 

unity. Among others, such a complication an established tradition is that the wood is 

considered as a public and free resource. Ownership is not as obvious and generally accepted 

as in nations with a relatively wealthy population i.e. countries with high living standards like 

Sweden.  

Moreover, it is extremely doubtful how many potential wood fetchers the household could 

consider as possible. It’s not likely that the household will support other families or contribute 

to enabling households outside their own family context. These are three simple examples. 

 

However, to sell is no problem provided there is someone who is willing to pay. “Money 

talks”! 

 

The new tasks are; Collection and pre-treatment of various substrates, dilution with water, 

easier maintenance and proper attention to the facility. 

 

Other possible reasons for the time gained is indefinite, and even when they have access to 

biogas for cooking they had no time to adjust to the new situation.  

In the initial stage they are still characterized by the procedures and policies they normally 

perform. This means, as an example, when cooking beans it is the time itself that decides 
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when the beans are done not the desired consistency, and similar things like that. This can be 

expected to change over time. 

 

 

The workload and responsibilities will be slightly larger. However, the introduction of a 

cooling capacity can likely solve the problem.  

The introduction of a cooling capacity will bring a different outcome. The cooling capacity is 

crucial to the time saving effect.  

 

Before installing the cooling capacity there will be no positive time effect. This is because, 

among other reasons, even if they do not have to collect firewood on a regular basis they still 

have to collect the groceries. The cooling capacity in the form of a refrigerator should 

therefore be of importance and it should not come as a big surprise. In this case, an accurate 

question would be: If the time saving effects wouldn't be positive with having a cooling 

capacity installed, then why, in facto, do all households in the industrialised world have 

cooling capacities installed?  

 

It is unlikely there will be time saved through only the installing of a biogas facility. The 

expectation is that when the cooling capacity is installed then there is a clear indication that 

time will be saved. The installed cooling capacity would mean that the daily walk to the 

family's farmland would happen more seldom. Both the observation studies and the data 

model indicate that the walk is the crucial factor. 

 

 

 

4.5 Economic Gain 

The major benefit of the biogas facility is the economical potential the facility brings. 

Economically, the introduction of a biogas plant is good for that family in the possibilities of 

selling firewood, higher returns on cropland and / or reducing the need to purchase fertilizer. 

Catering activity is a huge economic possibility, and the family has for a long time been 

holding back from starting up this activity because of the smoky environment in the kitchen 

area. During the interviews the desire to start catering activity was emphasized. In the long 

run, a cooling capacity has the potential to reduce food wastage together with the potential for 

saving time. 

 

Indirectly, through the fact that the kitchen environment gets better and less smoky, there may 

be an incentive to produce food products for sale, thereby the value is added to their 

agricultural products if selling.  

 

Paired with catering activity, the biogas plant has the economic potential to increase the 

hourly income in the order of what the average worker earns in a day. More exactly, 

according to the simulation, it is possible to earn over 20,000 Tanzanian shillings daily on 

catering activity. Since an average good local salary is 5,000 shillings a day, this is a 

considerable amount. The extra time it takes, in total, is a little less than 5 hours (4.93 h) and 

the earning per extra hour spent is almost a daily salary extra (more exactly over 4,300 

TSh/day, which is aquiline to 17 Swedish crowns. In this context it is not accurate to compare 

with how much it would give in Swedish crowns since it is irrelevant.) 
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Hypothetical, one can also imagine that a higher yield in agriculture improves not only the 

food quantity but also to some extent the quality. 

 

Housing assets increase in immovable property and also the family status of the area. 

 

The energy situation becomes more secure because it is easily accessible and supplied within 

it’s own capacity. 

 

4.6 Health Improvement 

One plausible benefit from the biogas plant and cooking with the biogas stove is the health 

issue. With limited theoretical and practical experience as an assistant nurse, the possible 

health effects findings are unqualified. Therefore the health issue is not processed in the 

simulation and it is not possible to draw any conclusion in that issue from the model. The 

health benefits that are included in this report are therefore largely based on interviews with 

the specific individuals. A very good guess is that the health will be greatly positively 

affected. 

 

The field study and previous experience from similar situations when biogas was introduced 

shows that the health will be improved. The less smoky condition is according to the 

interviews eliminating the eye irritations and reducing coughing. Improved health is 

experienced almost immediately in the ways of reduced eye irritations and positive effects on 

respiration.  

The models do not take these health effects into account but during the interviews this was 

one of the greatest positives and this was in fact the reason why they haven’t started with the 

catering activity. 

 

Also the possible improved social benefit (see below) is effecting the individual’s health 

positively. There are also a lot of indirect effects such as: if and when the cows are introduced 

the family will access milk, the bio-fertilizer possibly gives better yield from the farmland, 

and so on.  

 

Another good guess is that in the longer term, health will be improved by the decrease in the 

spread of pathogenesis through infiltration of the toilet to groundwater, provided that the 

spread of the biogas concept is major in the village. From a theoretical view one can be sure 

that the health effects will be positive by the treatment of the human toilet. The thesis is 

referencing to different sources saying that there is a huge health issue by the fact that 

pathogens are introduced into the drinking water. Most likely one single household facility 

will not make any considerable difference in the general public perspective of the village.  

 

 

4.7 Social Impact 

By introducing an alternative way to cook, there are indications from the social-economic 

study, that there will be reduction in the negative social impacts. There are a number of 

factors that can cause negative social impacts: 1There may be a lack of control over the 

individual’s own duties in combination with high expectations and demands. 2There may be 

further expectations or promises that can not be met; 3too large workload, 4insufficient time to 
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complete a job, 5lack of support, 6lack of rewards for a job well done, 7lack of opportunity to 

express their views on the duty or otherwise associated with the responsibility or the 

conditions for it, 8being exposed to violence or threats of violence, 9having a poor physical 

work environment that can lead to effected health and so on. It is not only the mere existence 

of situations listed above in and of itself, but also the extent with which, and how frequently it 

occurs, that determines how severe the negative social impacts are. Factors become much 

more negative or stressful if they seem persistent and periods of tension are not accompanied 

by sufficient time for recovery. Different people react differently depending on previous 

experience and the social support they have in their household responsibilities. 

 

The reasons above underline the findings from the simulation in the case study that there is no 

time gain with the introducing of the biogas facility alone. There may therefore be more stress 

after than before the introduction. From the interviews and social studies there is a possible 

chance that the work burden will be more fairly spread between the masculinity and the 

femininity. It is not possible to say that it will stay so over time, and history has shown that 

the masculine usually hands over the task and responsibility to the feminine when it becomes 

routine. Only by introducing a cooling capacity will there be a time realised which will reduce 

the negative social impact in some way. One other issue is the health that most probably will 

be affected in a positive way directly by the environment being less smoky and indirectly by 

treating the human toilet. The economical potential is good for the facility. The economical 

aspect is only indirectly affecting the social impact, but it indicates a good prospect, directly 

due to the opportunity to sell the firewood and bio-fertilizer or not having to buy chemical 

fertilizers. The lower demand of firewood and the utilization of un-used biological organic 

matter have a potential to lead to sustainability, especially if the use of chemical fertilizer will 

be brought to an end. The firewood exploitation in ruler areas, like in Msambara, should be 

looked at as worse then using fossil fuels. Just by the fact that deforestations in these areas 

leads to soil degradation since regrowth is hindered by overgrazing and land erosion. 

 

The introduction of the biogas facility in general as an alternative way to cook than using 

firewood may help to reduce negative social impacts and will contribute to sustainability. 

 

 

4.8 Care and Circumstances 

It is possible to build a primitive biogas facility from local building materials and labour and 

for which this study has shown, with hypothetical and practical benefits for the households. 

Besides the direct potential economic benefit to the household, the benefits are mainly of 

indirect nature i.e. more on a societal level. 

Among other things, it shows little indication that there will be any direct effect on health 

issues when one household or only a minority of the households are taking care of their 

human faeces. Hypothetically, a deployment and management of household waste, toilet 

waste and livestock residues constitute a considerable improvement for the individuals if it 

takes place at the societal level and within a larger context. 

If we play with the idea that the whole village would have access to such a comprehensive 

settlement and the economic returns went back to the individual directly or indirectly through 

the community, the collective benefit is equal to the sum of individual benefit. To achieve this 

it could be arranged in several different solutions. One hypothetical solution is in the way that 

many organizations (with support from the West) highlight and prefer today. That is to say the 

solution that one should create conditions and maximize market forces so that individuals see 
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and get the opportunities and benefits by constructing and managing small scale biogas 

facilities such as the one facility in this thesis. 

One adapts the scale to a small economic level, which gives certain individuals and 

households the opportunity to invest. The result thus becomes small-scale household 

solutions. The downside is when the economic strength is non-existent.  

Another more intriguing method that has not been tested to any great extent is collective and 

large-scale solutions.  

Such a method has not been analyzed and evaluated to any significant extent in the 

developing countries. It is doubtful whether such methods would work, and further studies are 

appropriate for students in their Bachelor and Master thesis. 

Small-scale household solutions require that the technical level is adapted to the common 

man's knowledge, geographic conditions, and local access to inexpensive construction 

materials, and so on. 

An interesting question and issue is whether a household’s waste management, sanitary 

conditions, etc., from a similar small-scale perspective would have the same hypothetical 

consequences in the West, such as in richer countries like Sweden. A not too bold and 

qualified guess would be that the management would be inadequate overall but differ from 

household to household.  

Purely technically and economically speaking, it is possible to establish such solutions in 

Sweden in the same way that it is possible to establish such solutions in Msambara and 

Tanzania. The remarkable thing is that one does not choose these solutions in wealthier 

countries but still is promoting them in developing countries. The obstacles would most 

probably be of the same and similar character in the Western countries such as Sweden like 

those that are analyzed and specified in numerous studies sanctioned by gifts, grants and tax 

revenue. While there are cultural differences, academic differences, etc., an experience is that 

the differences between individuals within a context are at least as large as those between 

individuals from different contexts. 
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5 Conclusion 
 

The social negative impact may or may not reduce with the introduction of the biogas facility, 

but the biogas facility in the way it is made will potentially contribute to sustainability. 

 

The household’s organic waste produced in the form of human, animal, kitchen and garden 

waste is enough to provide the necessary gas needed for cooking and no additional firewood 

will be needed. 

 

Two diary cows in addition to the household’s waste will provide gas needed to introduce a 

cooling capacity for food storage 

 

By placing the digester in the ground, a stable environment will be created. 

 

By adding a cooling capacity in the household, time will be saved from the food preparation 

process. 

 

By introducing an alternative method to cooking positive health effects will arise. 

 

It is not possible from this thesis to conclude that by adding and treating human waste and the 

toilet waste as a substrate, health benefits will take place.  

 

The introduction of biogas will not reduce the individual work burden. 
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Appendix 1.  

Engagement, MATEP 

Established Organization for the Construction Phase, MATEP 

 

The Project Management organisation: for the establishment of a biogas plant in Msambara 

village, Tanzania. 

 
The human resources allocated to the project and their rolls are shown in Table 1. 

 
Table 17, Responsible individuals and a brief describe of the roll 

Human Resources Project Role 

Viktor Nygren 

 

 

Project manager, Concept and Idea 

Developer and student 

Student 

 

 

Project staff and following student with 

focus on deforestation 

Venance Kunega 

 

 

 

 

 

Project Advisor, local contact person, 

Project manager MATEP (Msambara 

Agroforestry Training and Empowerment 

Project) and secretary MATEP Friends 

(owners and the board organisation) 

Philemon Nusu 

 

 

 

Project Advisor, Accountant MATEP 

(Msambara Agroforestry Training and 

Empowerment Project) 

Kosam Lifashe; 

 

Chairman MATEP Friends and Client 

Pastor Jefta; 

 

 

The senior Pastor of the FPCT-church 

Msambara and member of MATEP Friends 

Essau Elisha; 

 

Husband, Beneficial household 

Irene Haylen; 

 

Wife, Beneficial household 

Fundi 1; 

 

 

Responsible worker for the building process 

Fundi 2; Responsible worker for the gas distribution 

  

 

The client, MATEP Friends, has a desire to innovate and develop the ongoing agroforestry 

project for a possible continuation through a renewal project application to SPM (Swedish 

Pentecostal Mission) and PMU (PingstMissionens Utvecklingsarbete) directly and thereby 

indirectly to SIDA (Swedish International Development Agency), in order to develop and 

reduce poverty. 



Karlstad University  Viktor Nygren 

Master Thesis 

 

 

The presentation of technical care facilities has been performed by the Project Manager in 

consultation with Advisors, Skilled Workers (Fundi) and the pilot household. 

 

The Fundamental Work Process: Background 

The basic idea for this project is to investigate the potential of biogas as a possible way to 

accomplish a substantial standard raise for the individual households in the region. A small-

scale biogas facility for a single household in western Tanzania (Kigoma region, Kasulu 

district, Msambara village) will be constructed during the spring semester of 2013. The biogas 

will be produced through anaerobic (oxygen-free) digestion of locally found residues such as 

human faeces and household waste. 

 

One problem of today is the cooking procedure. The households use firewood as fuel which; 

i) takes time to collect ii) leads to deforestation (Helmut, et al, 2002) and iii) under incomplete 

combustion releases harmful gases such as carbon monoxide (Abbasi, Tauseef and Abbasi 

2012). The concept of this project is to educate and create an alternative, sustainable, cost and 

time efficient, as well as a more health friendly method of cooking and food storage. 

 

An important aspect when building is to use local resources as building materials and labour. 

It should be possible, in the future, for other households to repeat the construction without 

relying on external help. A major focus will be on education of what biogas is and how the 

facility is operated. 

 

A schematic sketch of the biogas facility for the production of biogas for the identified 

household needs is illustrated in Figure 1. 

 

 
Figure 13, A gross pre-sketch without pre-chamber.  

 

Identified most Important Needs, MATEP 

Table 2, shows human needs and what possibly can improve during the project. 

 
Table 18, Local, individual and family need 

Keen and critical human needs Possible improvement through the 

project 
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Traditional habits of energy consumption 

for domestic purposes, which encourage 

deforestation. 

 

By the use of a previous unused energy 

source deforesting will decrease.  

Poverty: most people lack the basic needs 

like quality food, housing (shelter), and 

access to toileting facilities. 

 

Improved air quality, food quality and 

handling of faeces including wet 

composting. 

Bad health status through residence in a 

smoky atmosphere accelerates health 

issues. 

 

Eliminating smoky environment by ceasing 

cooking over an open fire. 

Lack of toilet facilities. Introduction of a method and system for 

handling faecal matter. 

  

 

Despite the above-mentioned problems, the community also lack necessary social services, 

which also contribute to difficult living situations such as: 

 

 Illiteracy/ low level of education or lack of education resources like teachers in 

schools, equipment, course literature and other school inputs (Nygren, 2013). 

 Poor communication infrastructure, i.e. seasonal road accessibility, poor road 

network. 

 Lack of reliable power sources, such as natural gas and electricity (Nygren 2013). 

 Poor communication facilities, like transport facilities, landline telephones, 

Internet, and postal services (Nygren, 2013). 

 

 Overall Aim, MATEP 

 

The aim of this project is to accomplish a substantive standard raise by improving the 

economic standard, realise time and promote health for the household by producing biogas 

from locally found residues. 

 

The impact will, in this report, be analyzed through mainly social-economic aspects. We will 

investigate how the division of the individual work burden is affected with the introduction of 

a biogas plant for cooking.  

 

The project will provide free extension services to the clients thought an individual approach, 

which will secure an adequate understanding of the system.  
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Figure 14, MATEP Friends Organisation Plan 

 

Background and Purpose, MATEP 

The population in general and MATEP in particular face significant challenges. With limited 

and very scarce resources, work towards the improvement of life conditions for the people 

and population, local development, poverty reduction and energy will be a challenge. 

Increased efficiency, concentration, specialization and cooperation are the watchwords for the 

necessary solutions.  

 

Increased efficiency is vital to global development, poverty reduction and energy challenges. 

In the context of the millennium in 2000, the UN set up eight goals to be met by 2015 to 

reduce poverty in those parts of Africa that lie south of the Sahara. Among other things, to 

reduce the number of extremely poor people by half.  

Although some progress has been made, “countries are behind schedule in terms of all 

objectives now when half of the period has been harvested”, says UN in a report (UN, 2011). 

 

The report states, "Although the objectives still are achievable in most African countries, have 

not even the best-run countries managed to create sufficient progress of reducing extreme 

poverty in its many forms". Today 41.1 percent of Africans live on less than one dollar a day. 

This is a decrease from 1999 when the figure was 45.9 percent. But to reach the Millennium 

Development Goal of dimidiating extreme poverty to half, the rate of decrease should be 

doubled. 

 

In order to keep up the pace in development and create favourable conditions to take the right 

steps in the right order, a facility of concept is constructed. It is about creating a plan for how 

MATEP's working methods can be improved and to create new and better opportunities in the 

local community’s daily conditions of life. This is done by taking advantage of previously 

untapped resources, like the human toilet and through trying to eliminate previously defined 
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deficiencies and problems in family life. This problem of adverse health effects due to how 

the cooking process is made today, and so forth. 

 

The purpose of establishing a concept facility is: 

 To understand the reality of the local conditions and needs, in the short and long 

term 

 To identify opportunities and nullify the effect of the constraints within the 

household's actual capacity and resources 

 To propose a plan for development on an overall level and indicate a possible 

alternative for promoting household development and improve quality of life 

 

 

MATEP Ambitions: The Good Life 

”…the individuals’ perception of their position in life in the context of the culture and value 

system and in the relation to their goals, expectations, standards and concerns. It incorporates 

in a complex way individuals’ physical health, psychological state, level of independence, 

social relationships, personal beliefs and their relationships to salient features of the 

environment” (WHOQOL Group, 1995). 

 

This is an extremely vague and not applicable definition. Therefore, it can be important to 

avoid the impression of context and instead focus on the potential for health promotion, 

economic conditions and material standards increases, and alter the distribution of time from 

primarily focusing on daily physical survival so as to make time for other things. 

The following quality areas highlighted for the good life are: 

 

1. Health promotion 

2. Substantive standard raise 

3. Time to spare 

4. Equality - break of enforced gender roles. That is the freedom to choose and do. 

 

1st point Health promotion should be that it improves the residence’s environment and 

reduces the spreading of infection. 

 

2nd point Material standards increase by creating the conditions for increased economic 

returns from agriculture and forestry. 

 

3rd point Time to spare by seeking to reduce the time devoted to life's basic requirements 

such as to obtain and prepare the food. 

 

4th point Equality - break of enforced gender roles: That is the freedom to choose and do. 

This is done through altering the pattern of behaviour indirectly by introducing new 

technological solutions. 

 

The construction of the concept facility should create opportunities to meet these quality 

areas. 
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