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Abstract 
 

Anaerobic digestion is a process where biogas is generated from organic substance in the 

absence of oxygen. The most common application of the anaerobic digestion technology in 

developing countries is small-scale household digesters producing biogas for cooking 

purposes. These systems are usually fed with cattle dung or organic household waste. The 

typical small-scale digester models are fixed-dome digester, floating-drum digester and 

rubber-balloon digester. Biogas systems contribute to self-sustainability of energy production, 

improve waste management and mitigate deforestation and health problems caused by poor 

waste management and usage of traditional cooking fuels such as firewood and charcoal.  

Anaerobic digestion technology is still quite unknown in Mozambique. An initiative to 

implement this technology in the municipality of Quelimane located in Zambézia province in 

the central part of the country, was taken in 2015 and background studies were performed 

during spring 2015 and 2016. As a part of the study resulting in this report, performed in 

spring 2017, a small-scale biogas digester was installed in Quelimane city. The digester was 

fed with the initial input of cow manure in order to create population of anaerobic bacteria 

and in the future it’s planned to be fed with food waste. The purpose of the first installed 

digester is to serve for educational purposes and to produce cooking fuel for the few people 

working in the municipal location where the digester is installed. It’s estimated that the 

digester has a potential to produce daily 0.3 m
3
 of biogas from 2 kg of food waste which can 

be used for preparing lunch for the employees or for heating water. In the future, possible 

applications of anaerobic digestion technology in Quelimane are a municipal biogas plant, 

cooling systems for the fish industry and biogas based latrines in the less developed areas 

located outside of the city center.   
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Nomenclature 
 

Abbreviations 
 

AD  Anaerobic Digestion 

ADPP  Ajuda de Desenvolvimento de Povo para Povo 

BPR  Biogas Production Rate 

CELIM  Centro Laici Italiani per le Missioni 

HHV  Higher Heating Value 

LR  Loading Rate 

MDM  Mozambique Democratic Movement 

MZN  New Mozambican Metical 

RT  Retention Time 

TS  Total Solids 

VS  Volatile solids 

UN  United Nations 

USD  United States Dollar 

WD  Water Displacement  

 

 

Parameters 
Loading rate, retention time, digester volume.   

 

Keywords 
Anaerobic digestion, small-scale, fixed-dome digester, continuously-fed, developing 

countries.  
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1. Introduction 
 

Finding clean and economically feasible energy alternatives for fossil fuels has become a 

major concern for nations, municipalities and households all over the world. Energy demand 

and consumption are one of the main reasons for climate change and resource exploitation, at 

the same time contributing to economic prosperity and quality of life as well as restricting the 

living standards of humans. (Rajendran et al., 2012) One of the alternative energy solutions is 

biogas technology which converts organic substances to methane as fuel and valuable 

fertilizer from locally available resources that otherwise would go unused (Da Costa Gomez, 

2013) In the developing countries biogas is a substitute for firewood and charcoal that can 

meet the energy needs of the urban, peri-urban and rural areas. Cooking stands for 90% of the 

energy consumption in the households of developing countries and access to electricity 

outside the urbanizations is limited. (Rajendran et al. 2012)  

In Mozambique around 40 percent of the population has access to electricity either through 

the grid or mini/off-grid systems. In the rural areas only 1% of the population has access to 

electricity which indicates a high demand for decentralized off-grid energy solutions. (IEA, 

2014). Like most of the African countries, Mozambique relies heavily on traditional forms of 

energy such as wood and charcoal which causes deforestation and air pollution. The country 

is ranked 4th from bottom in Human development worldwide (UNDP) and access to modern 

energy can be a major contributor to lift the population out of poverty. Energy is therefore a 

key factor to play an increasingly important role in the economic development of 

Mozambique over the next decades. (Mahumane et al., 2012).  

In addition to access to energy, another major issue in many developing countries, as well as 

in Mozambique, is lack of adequate waste management. In Quelimane, the city studied in this 

thesis and located in the central part of Mozambique, poor waste management causes 

environmental problems and the local population to live in unimproved health and hygienic 

conditions. In the suburban areas sewage penetrates the soil, polluting the land and the water-

bearing layers. Quelimane consists currently of 44 districts and is rapidly expanding which 

causes an increasing pressure on the city infrastructure and the surrounding ecosystems 

(CELIM, n.d., a) Waste-to-energy technologies can bring solutions to these two problems, 

improving waste management and generating locally available and affordable energy. In a 

Bachelor Thesis study performed during the spring 2015 it was found out that the best suited 

waste-to-energy technology for Quelimane is anaerobic digestion (AD), producing biogas 

from the organic fraction of household waste (Ahlgren & Gustafsson, 2015). Another 

Bachelor Thesis study was done in 2016 investigating the potential to apply AD technology in 

Quelimane and this study continues the work by implementing the first small-scale biogas 

digester in the city.  

 

1.2. Purpose 
The purpose of this study is to install a small-scale anaerobic digester in the city of Quelimane 

in Mozambique and to investigate how it can contribute to a more sustainable future in the 

city and the surrounding area.  
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1.3.  Aim 
The aims of this study are  

 To present a design for the small-scale anaerobic system to be installed. 

 To select an appropriate location and end user for the system. 

 To install the system in the selected location.  

 To initiate the plant and start feeding it daily with an appropriate substrate.  

 In case the gas production is established during the field work, to study how much 

biogas can be produced and how many meals can be cooked and for how many 

people. If gas production cannot be established in time, to explain how the biogas 

production can be measured and evaluated.  

 To gain understanding about the benefits and eventual risks of AD technology.  

 To study the possibilities for future development of the anaerobic technology in 

Quelimane municipality.   

 

1.4.  Delimitations 
This study focuses on small-scale anaerobic digestion technology that can be applied on 

household level. Large scale AD technology will be described on a very general level. The 

main application of biogas in this study is cooking, whereas producing electricity from biogas 

will not be studied in details. The analysis is based on the local conditions in Quelimane city 

though similar solutions could be applied also in many other African cities. This study 

excludes institutional or political aspects restricting or enabling the implementation of AD 

technology.  

 

1.5.  Method 
The methods used in this study are literature study that was started in Sweden and field work 

that was performed on-site in Mozambique. For the literature study scientific articles found in 

relevant databases were used. The field study was performed in Mozambique during two 

months (from mid-April till mid-June 2017) and it consisted of designing the biogas system, 

purchasing the material needed, installing the system in co-operation with Quelimane 

municipality, filling it with the first input and teaching the first end users the basic functions 

of the system. On-site observations were the primary tool for analysis of the suitability and 

the future possibilities of AD technology.  

 

2. Background 
 

2.1. Background Mozambique and Quelimane 
Mozambique is a country located in Southeastern Africa between South Africa and Tanzania 

(see figure 1). In the east, the country is edged by nearly 2 500 km long coastline by the 

Indian Ocean. The country has a population of 25.9 million of inhabitants of which about half 

is concentrated in the centre and north, especially in Zambézia and Nampula provinces. The 

capital city of the country is Maputo located in the southern end and having 1.2 million 

inhabitants. 32.2% of the country’s population is living in the urban areas meaning that the 
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vast majority of the population 

lives in the rural areas practicing 

agricultural livelihoods such as 

growing cotton, cashew nuts, 

sugarcane, tea, cassava, corn, 

tropical fruits, beef and poultry. 

The official language is 

Portuguese but there are also 

numerous African languages 

spoken in the country, all of them 

belonging to the Bantu family. 

(CIA, 2017; Fitzpatrick, 2007)  

Mozambique was a Portuguese 

colony almost five centuries until 

it got the independence in 1975. 

At independence Mozambique 

was one of the world's poorest 

countries and the country's 

development was further hindered 

until the mid-1990s by socialist 

policies, economic 

mismanagement, large-scale 

emigration, a severe drought and a 

brutal civil war from 1977 to 

1992. The poverty rate is still 

high, more than half the 

population remaining below the 

poverty line, and is sustained by 

natural disasters, disease, high 

population growth, low 

agricultural productivity, and the 

unequal distribution of wealth. 

Mozambique had an average annual grow rate of 6-8% until 2015 which was one of Africa's 

highest grow rates, but growth decreased in 2016 to about 3.5%. According to many forecasts 

growth will increase in 2017 due to increasing coal exports. International partnerships are 

applying approval to develop massive natural gas deposits off the coast of Cabo Delgado 

province in the north of the country. This has the potential to become the largest infrastructure 

project in Africa and the sales of liquefied natural gas from these projects could generate 

several billion dollars in revenues annually after the year 2022. (CIA, 2017) 

A big environmental challenge in Mozambique is conserving its ecosystems which are 

endangered by increased migration to urban and coastal areas, desertification, pollution of 

surface and coastal waters and elephant poaching. Natural hazards appearing in the country 

are droughts, devastating cyclones and floods in central and southern provinces. (CIA, 2017)  

Quelimane is the capital and the largest city of the densely populated Zambézia province, 

located in the central part of the country (see figure 1). The Zambézia province is 

characterized by the Zambezi River valley and its wide delta plains. Quelimane stands on the 

banks of the Rio dos Bons Sinais ("River of the Good Signs") and it’s a seaport city with an 

estimated population of 250,000 people making it the fourth biggest city in the country. 

(Fitzpatrick, 2007) Quelimane, as well as most of Zambézia Province, is extremely exposed to 

Figure 1. Map of Mozambique, (Ezilon Maps, n.d.). 
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floods during rainy season. The municipality is led by an elected mayor Dr. Manuel de Araújo 

from Mozambique Democratic Movement (MDM) Party who was elected in the 2013 

Municipal elections. (Tambara, 2017, a).  

 

2.2. Background for Waste-to-Energy projects in Quelimane 
One of the main sustainability issues in the municipality of Quelimane is insufficient waste 

management. Solid waste is deposited on an uncontrolled landfill which pollutes the ground 

water and is a significant source of greenhouse gas emissions to the atmosphere. (Pequenino, 

2017) Since 70 % of the waste generated in the municipality is organic a significant amount 

of methane is introduced to the atmosphere. Methane is a strong greenhouse gas and therefore 

methane produced in the degradation of the organic material should be treated in an 

appropriate way. (Ahlgren & Gustafsson, 2015) 

At the moment there’s no waste segregation system in the municipality; all kind of waste is 

disposed in the same container on the different sites in the city and then collected and 

transported to the municipal landfill. The citizens are allowed to dispose their waste in the 

collection points between 5pm and 8 pm but this time interval is not always respected which 

causes bad smell and health issues when the containers are full and the waste is disposed on 

the ground. (Rudén & Stendahl, 2016) 

Onto this situation the project for urban anaerobic digestion system in Quelimane was started 

during the spring of 2015 by two bachelor students at the Royal Institute of Technology 

(Stockholm, Sweden). Their purpose was to determine which waste-to-energy technology is 

the most adequate for Quelimane’s conditions and the conclusion was that AD was the most 

suitable technology. One year after that, during the spring of 2016 two other bachelor students 

from the same university travelled to Mozambique to investigate the potential for biogas 

production from organic food waste in Quelimane in their study” The Potential for Urban 

Anaerobic Digestion in Quelimane - A model and feasibility assessment of a small scale 

system implementation”.  (Rudén & Stendahl, 2016) 

They studied how the current waste management system in Quelimane works to see how the 

waste-to-energy concept could be applied in the city and how biogas production could 

improve the waste management and the life quality. The potential for building first a small-

scale system and extending it in the future to a large scale biogas production system was 

estimated to be “marginally high” and the attitude of the local people was observed to be 

positive or neutral. A “balloon design” for the small-scale system was proposed and 

preliminary calculations for the dimensions of the system were performed. (Rudén & 

Stendahl, 2016) 

This study continues the work described in these two Bachelor Theses. The main focus in this 

study will be in the system itself whereas the two previous studies have investigated the 

surrounding local conditions and potential for such system. This study consists of a literature 

study presenting the process of anaerobic digestion, different types of small-scale biogas 

digesters and the substrates that can be used and the actual situation of AD technology in 

Africa. The design for the chosen model and the installation process of the biodigester in 

Quelimane will be explained and finally it will be estimated how the AD technology can 

contribute to sustainable development in general and particularly in Quelimane. Also some 

possible future applications of the AD technology in the municipality of Quelimane will be 

studied.  
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2.3. Anaerobic digestion 
Biogas is generated naturally from all forms of biomass under anaerobic conditions (in the 

absence of oxygen). (Wellinger et al., 2013) The anaerobic bacteria producing biogas are 

similar to those found in the prestomachs of ruminants. The bacterial degradation of biomass 

and conversion to biogas happens in several steps: hydrolysis, acidification, production of 

acetic acid and production of methane. (Da Costa Gomez, 2013) During hydrolysis of the 

organic compounds, such as carbohydrates, proteins and fats are decomposed to monosugars, 

amino acids and fatty acids. During acidification, the acidifying bacteria convert hydrolysis 

products to short-chain organic acids, alcohols, carbon dioxide and hydrogen. In acetogenesis 

(production of acetic acid), the bacteria convert the acid phase products into acetates and 

hydrogen which then will be used by methanogenic bacteria. The last phase, methanogenesis, 

consists of the production of methane by methanogenic bacteria. Methane is generated from 

the products of the previous phases, that is, acetic acid, H2, CO2, methanol, methylamine and 

a few other substances. (Ziemiński & Frąc, 2012) 

The methane content of the biogas varies between 50% and 75% depending on the substrate 

fed in the biogas plant. Another main component of biogas is carbon dioxide with a fraction 

between 25% and 50%.  The other components of biogas are water, oxygen and small 

amounts of sulfur and hydrogen sulfide. (Da Costa Gomez, 2013) Combustion of biogas 

releases energy in the form of heat as methane is transformed to carbon dioxide. Thus the 

heating value of the biogas depends on the methane content of gas and is a good indicator of 

the quality of the gas in terms of energy generation. The methane content varies depending on 

the substrate and the substrate temperature amongst other factors. (Stoddard, 2010) Biogas is 

a high-quality fuel gas since pure methane has a higher heating value (HHV) of 

approximately 55.5 MJ/kg. If assumed that the methane content in biogas is 50 vol% the 

resulting HHV value for biogas is 27.75 MJ/kg. (Tester et al, 2012; CitiZendium, 2013) This 

gives a heating value of 31.91 MJ/m
3
 if assumed that density of biogas is 1.15 kg/m

3
 

(Jørgensen, 2009). Energy content of 1 m
3
 biogas is equivalent to 0.76 m

3
 of natural gas 

(Herrero, 2008).  

2.3.1. Parameters regulating anaerobic digestion 

In addition to the absence of oxygen other conditions which need be met to enable an efficient 

biogas production are uniform temperature, optimum nutrient supply, optimum and uniform 

pH (Da Costa Gomez, 2013). The optimum pH for the anaerobic digestion process is from 6.0 

to 8.5. Values outside of this range can lead to disturbances in the production. Organic acids 

and carbon dioxide lower the pH value in the reactor while ammonia increases it. (Ahring, 

2003) 

 

When the process temperature is increased more biogas is produced and the production rate is 

higher given that the temperature is in the range in which the bacteria participating in the 

process can survive. Anaerobic digestion is possible between 3°C and 70°C. Two optimum 

temperatures of the substrate are 35°C and 55°C. The process and the bacteria involved in 

anaerobic digestion at different temperatures are quite different and thus three temperature 

ranges for anaerobic digestion have been identified: psychrophilic (below 20°C), mesophilic 

(between 20°C and 40°C) and thermophilic (above 40°C). It has been observed that 

mesophilic digestion is dominant in small-scale polyethylene digesters situated in tropical 

regions. (Stoddard, 2010) 

Since the rate of digestion is faster at thermophilic temperatures and shorter retention times 

and smaller reactor volumes are required for treating the same amount of waste. Anaerobic 

digestion at thermophilic temperatures leads also to more efficient destruction of pathogens. 
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Methanogenesis is possible under psychrophilic conditions but it happens at lower process 

rates. (Ahring, 2003) Anaerobic digestion is very sensitive to changes in temperature but if 

the change in temperature is slow, it will not have significant effect on the process (Stoddard, 

2010).  

 

An important factor affecting gas production is retention time (RT). It means the average 

amount of days that a unit of substrate stays in the digester. For a small-scale, continuous-fed 

digesters retention time can be almost any length up to 30 or more days. (House, 2010) 

Longer retention time leads to a greater amount of biogas production. The daily production of 

biogas will increase for a number of days until it reaches a maximum and begins to slowly 

decrease. Achieving an optimum RT can be a very complex task, involving a careful 

balancing of all the parameters regulating biogas production. (Stoddard, 2010).  

 
Loading rate (LR) is another important parameter that can be used for comparing the results 

of various studies. It is defined as the amount of substrate loaded daily and it is measured in 

kg total solids (TS) per day per liquid digester volume (measured in m
3
). (Stoddard, 2010) 

(See the definition for TS in the next chapter).  

 

2.3.2. Substrates 

Animal manure has high content of anaerobic microorganisms and various nutrients that are 

necessary for the growth of anaerobic bacteria. It has also a high buffer capacity and can thus 

stabilize the AD process in the case of a significant pH decrease inside the digester. (Rutz & 

Janssen, 2013) In spite of these advantages of using manures as feedstock for biogas systems 

the manures have a relatively low methane yield that does not provide economic sustainability 

in the case of large scale monodigestion. That’s why manures are often co-digested with 

easily digestible organic wastes from agro-industries, source-separated household waste, 

energy crops or sewage sludge. Co-digestion of manure and organic wastes results in a higher 

stability of the AD process than monodigestion by improving the nutrient balance and 

maintaining pH. This is due to higher active biomass concentration inside the digester, which 

is considered to be more resistant to inhibitory compounds that can appear in the feedstock.  

Several studies indicate that co-digestion has a higher methane yield compared to mono-

substrate digestion. (Rajendran, 2012; Rutz & Janssen, 2013) Human excreta contains less 

material that can be converted to biogas than animal manure.  However, toilets can be 

connected directly to the biogas plant, which provides a safe treatment of human excreta and 

thus improves the hygienic conditions in the household. (Ewag, 2014) 

Organic household wastes are highly biodegradable material and they generate a high 

methane yield. Their nutrient content is well balanced and favorable for the anaerobic 

microorganisms. (Rutz & Janssen, 2013) High content of fats in the kitchen waste is favorable 

for biogas production (Rajendran, 2012). Organic food waste such as starches are digested 

into sugars and sugars into alcohol. Alcohol can easily be converted into biogas but substrates 

high in sugar usually have an acid tendency and that’s why a buffer should be added. (House, 

2010) Also, food residues that are cooked can acidify the digester while uncooked residues 

require relatively long retention time since they contain lignin (Herrero, 2017).  

Regardless of the type of the substrate, usually cow manure is used to inoculate a small-scale 

biogas plant. Fresh manure contains anaerobic bacteria that is needed for the process of 

anaerobic digestion. (House, 2010) Several manuals and studies of small-scale biogas 

digesters propose filling the system with the mixture of cow manure and water and leaving it 

for one month before the daily charge can be started. In a study by Viswanath et al. 60-liter 
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Figure 2. Rubber balloon plant, (Aguilar, 2001). 

digesters located in India were charged with cow dung diluted in the ratio of 4:5 with water 

and stabilization of the digesters was awaited for 4-6 weeks and then operated on various fruit 

wastes added in succession at a constant loading rate (Viswanath et al., 1992).  

The substrates are usually mixed with water before feeding into the biogas plant. The main 

function of water in a biogas digester is to work as transport medium and only a small fraction 

of it is involved in the anaerobic process. Thus decreasing the volume of the water in the 

digester the effective volume of the system can be increased and would theoretically lead to 

higher production of biogas. Another advantage is that the produced slurry is easier to handle 

and transport when it contains less water. However, drier substrate is more difficult to mix 

and can cause uneven consistency in the digester. (House, 2010)  

The parameters that characterize the substrate are the total solid content (TS) and volatile 

solid content (VS). TS is defined as the mass which remains when the water content is 

removed by heating: TS (in %) = (mass of dry matter / mass of substrate) *100. VS is defined 

as the organic matter content meaning the mass which is removed when the dry matter is 
heated from 105°C to 550°C: VS (in %) = (mass of organic matter / mass of dry matter)*100 . 

The VS-content varies depending on the substrate and for cow manure it is usually 75 to 85 

%. (Stoddard, 2010) 

 

2.3.3. The most common digester types  

Usually a small-scale biogas digester consists of an inlet for the substrate, an airtight chamber, 

a reservoir for biogas collection (it can be for example the upper part of the digester, a 

floating drum or plastic balloons), and an expansion chamber. There are three common types 

of digester designs: rubber-balloon plants, floating-drum plants and fixed-dome plants. 

(Ewag, 2014, a) 

The balloon type of plant consists of a large common plastic bag. The inlet and outlet of the 

plant are attached directly to the plastic skin of the balloon and there is no expansion chamber.  

The sludge settles on the bottom of the balloon and the gas is collected in the upper part. The 

needed pressure to transport the gas from the balloon to a kitchen is obtained through the 

elasticity of the balloon and can be increased by placing weights on the top of balloon. The 

advantages of this system are its low-cost and simplicity, higher temperatures achieved under 

sunny sky and its easiness for cleaning and emptying. The life span of the system can be 

relatively short as the material is vulnerable to damage. (Ewag, 2014, a) The figure 2 

illustrates the design for a rubber balloon plant.  
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Figure 3. Fixed-dome plant, (Energypedia, 2016). 

Figur 5. Floating drum plant, (Energypedia, 2016). 

Figure 4. Floating drum plant, (Appropedia, 2015). 

The fixed-dome 

plant is a dome-

shaped digester with 

a fixed, non-

movable concrete 

gasholder that sits 

on top of the 

digester (Ewag, 

2014, a). Thus, in 

this model the 

digestion chamber 

and the gasholder 

are combined as one 

unit (Mulinda et al., 

2013). The 

generated slurry is 

displaced into a compensation tank, see figure 3. Gas pressure increases when the volume of 

gas stored increases. Fixed-dome digesters are relatively inexpensive and they have a long life 

span. (Ewag, 2014, a) The plant is constructed underground which protects it from physical 

damage and saves space on the ground. Due to the underground construction there’s 

negligible variation of temperature between day and night, which is favorable for the process 

of anaerobic digestion. The plant is protected from low temperatures during cold seasons but 

it takes longer for the system to heat up by sunshine during the warm seasons. The 

construction of fixed-dome plants creates local employment since they are not easy to build 

and several skilled persons are needed to perform the construction. (Energypedia, 2016)  

 

In floating drum plants there 

are two separate structures for 

gas production and gas 

collection (Mulinda et al., 

2013). These plants consist of 

an underground digester and a 

moving gasholder that floats on 

the top of the digester and rises 

or sinks depending on the 

volume of gas stored in it (see 

figure 4). Floating-drum 

plants have the advantage of 

the gas pressure remaining 

constant as it depends on the 

weight of the gasholder. The 

construction is relatively easy 

but the material of the steel drum is expensive and susceptible to corrosion. That’s why 

floating drum plants have a shorter life span than fixed-dome plants and the floating gasholder 

requires regular maintenance. (Appropedia, 2015) Another disadvantage of the floating-drum 

system is the gas loss between the digester and the gasholder. According to a research made in 

Tanzania 22 % of the produced gas leaks from floating-drum digesters. (House, n.d.) To 
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diminish the gas leakage the gasholder can be built to float in a separate water jacket instead 

of floating directly in the slurry (Appropedia, 2015). 

In addition to describing biogas digesters in terms of their design they can also be classified 

according to their flow characteristics, based on how the substrate moves through the digester. 

Batch-fed generators are filled up, they produce and they are emptied whereas continuous-fed 

generators are fed daily (or hourly). (House, 2010) In the continuous-fed digester the 

feedstock is assumed to be perfectly mixed. Another flow type is plug-flow where the 

feedstock goes through the digester in the form of “plugs” so that there’s no mixing along the 

length of the digester. (Das et al., 2016) 

2.3.4. Risks of AD technology  

Methane forms explosive mixtures in air at very low concentrations of 5 - 15 %. Biogas 

mixtures that contain more than 50 % methane are combustible and the lower percentages 

may support, or fuel, combustion. Therefore no flames should be used close to a digester and 

any electrical equipment must be of appropriate quality. Other potential sources of sparks are 

any iron or steel items, power tools, normal electrical switches, mobile phones and static 

electricity. (The University of Adelaide, 2008) 

Biogas displaces air and thus reduces the oxygen level restricting respiration. Hence it’s very 

important that any digester area is well ventilated in order to minimize the risks of fire or 

explosion and asphyxiation. (The University of Adelaide, 2008) Leakage of biogas to the 

atmosphere should also be avoided due to the fact that methane is 25 times as potent 

greenhouse gas as carbon dioxide (Da Costa Gomez, 2013). 

As the substrates in the process of anaerobic digestion can contain bacteria, viruses and 

parasites that may cause disease in human, animals or plants, contact with the digester 

contents should be avoided and after working around the digester, suitable hygiene actions 

should be applied (Da Costa Gomez, 2013; The University of Adelaide, 2008). Even though 

the digestion reduces the amount of disease causing bacteria adequate precaution should 

always be kept in my mind. (The University of Adelaide, 2008) 

The health status of the substrate is affected by system parameters such as temperature, 

retention time, pH and ammonia content. The European Union Regulation 1069/2009 requires 

that category 3 material (including for example food remains, kitchen and canteen waste) 

should be treated at 70°C for 1 hour in a hygienization unit connected upstream of the biogas 

plant. However, thermophilic digestion at 55 °C and at least 24 hours in the digester 

corresponds the pre-treatment in 70°C. (Da Costa Gomez, 2013) It can be stated that under 

normal operating conditions, biogas plants present no hazard for the environment or humans 

if the applicable precautions are observed, people working with biogas are properly trained 

and the plants are state-of-the-art (Da Costa Gomez, 2013).  

 

2.4. AD technology in Africa 
A small-scale anaerobic digester represents a technology that generates biogas that can be 

used for energy and a nitrogen-rich sludge that can be used as a fertilizer (Tester et al., 2012). 

Small-scale anaerobic digesters are usually designed to produce biogas at household or 

community level in rural areas. Volumes vary from 1 000 L for a single family up to 100 000 

L for institutional or public toilet applications. (Ewag, 2014, a) These systems utilize 

technology that is decentralized, small-scale, low cost, built by local materials and accessible 

for the majority of the population (Herrero, 2015). The airtight digesters are filled with animal 

manure or kitchen and garden wastes and there is no pre-treatment of the substrate nor active 
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heating of the system (Ewag, 2014, a; Herrero, 2015). The produced biogas is most 

commonly used for cooking purposes but some households are using biogas lamps for 

lighting their homes. (Tumwesige et al., 2014) Biogas systems are widespread in China and 

India where are estimated to be millions of small digesters. China has more than 40millions of 

digesters whereas India has more than 8millions. Nepal with 30millions of inhabitants is 

reaching 300 000 digesters. (Herrero, 2015)  

Large, medium and household biogas digesters have been installed in several African 

countries including Burundi, Botswana, Burkina Faso, Cote d’Ivoire, Ethiopia, Ghana, 

Guinea, Lesotho, Namibia, Nigeria, Rwanda, Zimbabwe, Tunisia, Morocco, Tanzania, South 

Africa and Uganda. The biogas digesters in these countries utilize a variety of feedstock such 

as waste from slaughterhouses, industrial waste, animal manure and human excreta. Examples 

of utilizing the anaerobic digestion technology are biogas digesters to treat chicken manure 

and dairy farm manure in Burundi, biogas plants in public latrines in Kenya, in prisons and 

boarding schools in Rwanda and in health clinics in Tanzania. However, South Africa is the 

unique country in Sub-Saharan Africa with advanced anaerobic digestion technology due to 

its high level of economic development and many universities with developed research 

resources. Thus, a household digester fed with domestic animal manure is the most common 

application of the anaerobic digestion technology in Africa. This technology is closely linked 

to mitigating poverty and enhancing rural development. (Mulinda et al., 2013)  

Introduction of anaerobic digestion technology took place in Africa about four decades ago 

but most of the digesters constructed during that period didn’t work properly and were lacking 

biogas dissemination campaign. The main reason for failures of the technology was deficit of 

required skills and social acceptance. Many biogas plants were individual demonstration 

plants which were not really wanted by the users and therefore traditional sources of energy 

continued to be used. (Mulinda et al., 2013) Ten years ago the most biogas plant were 

installed in Tanzania (more than 4 000), Kenya and Ethiopia, with hundreds to only a few in 

other countries. It was estimated that 60% of these plants failed to stay in operation due to 

above mentioned reasons. To achieve an improvement in this situation an initiative called 

“Biogas for a better life” was launched in May 2007 in Nairobi, Kenya, by the Biogas Africa 

Initiative. The main targets of the project were set to install two million biogas plants by 2020 

and to reach 10 million Africans benefiting in daily life from the plants. Right after the 

initiative a national program was launched in Rwanda and 10 other countries started 

preparations. (Van Nes & Nhete, 2007)  

2.4.1. The actual situation of AD technology in Mozambique 

There is no tradition for biogas in Mozambique and only one successfully implemented 

biogas project could be confirmed in the literature study. It was carried out by ADPP (Ajuda 

de Desenvolvimento de Povo para Povo), a Mozambican non-governmental association, in 

Cabo Delgado province in the north of Mozambique, between November 2012 to December 

2013. Four small 6m
3
 biogas digesters and one large 60m

3
 PVC digester were installed at the 

ADPP premises. The four small biogas systems are being used for cooking in the institutional 

buildings of ADPP and for sterilizing instruments in the health clinic. One of the small 

digesters was connected to a generator to produce electricity. The large scale biogas system is 

operational at the Teacher's Training College Cabo Delgado and is used for cooking purposes. 

The digesters function with the waste from institutional kitchens and jatropha press cake 

(residues from jatropha seeds after pressing oil). In this project 70 people were trained on 

biogas systems construction, operation and maintenance and 400 people were trained on the 

economic and environmental benefits from the biogas system. 1000 instruction manuals were 
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distributed and dissemination seminars were organized for the main stakeholders. (Fisker, 

2013) 

 

3. Results 
 

3.1. The model for the small-scale pilot AD system in Quelimane 
The design for the biogas system installed will be presented in two parts since the final design 

differs from the design that was initially discussed. The reason for this was the fact the 

availability of the materials and the prevailing local conditions could be properly examined 

only during the field work and could not be defined before arrival to the country.  

 

3.1.1. Preliminary system design and the first investigation for the materials 

The discussion concerning the system design was started in December 2016 between the 

author and Michel Olofsson (founder of the organization Project Vita and counselor to Mayor 

of Quelimane). Initially two possible designs were discussed. The proposition for the design 

from the last year’s study performed by two students of the Royal Institute of Technology was 

a rubber balloon digester (Rudén & Stendahl, 2016). Another possible design came up in the 

discussion; a model based on using three barrels of 200 liters (Olofsson, 2016). One of the 

barrels is meant to function as digestion chamber for the process of anaerobic digestion and 

the second and the third barrel are used for filtering the produced gas through water to be then 

led further to the kitchen. The third barrel is slightly smaller and is placed upside down inside 

the second barrel. The third barrel works as a gasholder in the similar way than in the 

floating-drum system. The model with three barrels has been developed and successfully 

implemented in Togo with cow manure as input (Afakule, 2016) Preliminary decision of 

building a rubber balloon digester was taken before the field work started. This decision was 

based on the possibility to build a digester with a larger volume. The model of three barrels 

has a processing volume of 200 liters which would not be enough to supply gas for the daily 

cooking demand of a household. The rubber balloon digester built by using polyethylene 

plastic in the manual “Biogestores Familiares – Guía de Diseño y Manual de Instalación” by 

Jaime Martí Herrero was decided to be functioning as guideline for installation (Herrero, 

2008). 

A couple of possible locations were under discussion before the field work started but none of 

them could be confirmed in this phase. The most potential location was considered to be the 

area where UN Habitat builds houses for 12 families in the poorest area of Quelimane. The 

houses were supposed to be ready in April when the field work was starting. (Olofsson, 2017)  

All the possible items was decided to be purchased in Quelimane and only the materials that 

can be difficult to find were decided to be purchased in Maputo. Local availability of the 

materials is relevant for the future of the system facilitating maintenance and possible 

construction of more similar systems. The list of the availability of the materials in the study 

performed by KTH students during the spring 2016 was used as guideline for the materials 

that needed to be purchased in Maputo before arriving to Quelimane. The list was made based 

on visits in the hardware stores in Maputo and Quelimane and for each item it was marked if 

the system was available locally (in Quelimane) or nationally (in Maputo). According to the 

list all the other items were available in Quelimane except the black tubular polyethylene 

plastic needed for the digester, the transparent tubular polyethylene plastic needed for the 
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biogas reservoirs and a tool called pipe tap that is needed for making threads for the inlets and 

outlets of the tubes. (Rudén & Stendahl, 2016) Several hardware stores were examined in 

Maputo but only one item, the pipe tap, could be found and purchased.  

3.1.2. Discussing location, end users and material availability 

In Quelimane a meeting was set up to discuss further the system details. In the meeting with 

the author participated Michel Olofsson (Founder of the organization Project Vita and 

counselor to Mayor of Quelimane), Josue Tambara (Director of Cooperation Department), 

Ascensão Chauchane from the Department of Municipal Development Projects and Marco 

Andreoni, Project Manager from the organization CELIM (Centro Laici Italiani per le 

Missioni).  

CELIM is a non-governmental organization recognized by the Ministry of Foreign Affairs of 

Italy and by the European Union. The organization handles projects of international 

cooperation in Africa and in other developing areas. (CELIM, n.d., b) A project with title 

“Environmental protection and reclamation of urban and suburban environment in 

Quelimane” was initiated by CELIM in December 2016. The objective of this project is to 

improve the co-operation between local authorities, civil society and the private sector for the 

collection and management of urban solid waste. A specific objective is to support the 

municipal company in charge of waste management by training employees and supplying 

vehicles and containers, as well as by creating small- and medium-sized business 

opportunities to be involved in activities related to waste collection, composting and 

recycling. The organization plans to train 274 people (ecological operators, members of 

associations and farmers) on proper waste disposal, plastic recycling and composting of 

organic waste. Also, a composting centre and a plastic processing centre will be built and 

equipped and technical personnel will be trained to work in the centre. The project will be 

implemented during two years’ time until November 2018. (CELIM, n.d., a)  

The centre for composting and plastic recycling will be built on a land area of approximately 

one hectare located in the center of Quelimane. At the moment of writing CELIM had set up 

three small compost piles in the location and volunteers from the municipality were recruited 

to collect organic material from the local market for composting on weekly basis. Study to 

analyze the waste composition in the municipal landfill was also initiated. The biogas digester 

was decided to be installed in the same location in order to integrate this study in a larger 

scale project and to facilitate following up and keeping the digester in function after the field 

work is finished. Apart from the plans for composting and plastic recycling, the location also 

functions as municipal garden where different plants are grown and then transported and 

planted in the different parts of the city. There’s a small building that is used by the 

municipality employees working in the garden for storing tools and resting. These employees 

are approximately 4-5 people daily depending on the day. They prepare food using wood fuel 

or charcoal outside of the building or inside if it’s raining. Cooking happens during labor 

days, with the exception of the days when the employees go home for lunch. This happens 

depending on the employees’ preferences for each day. This location, consisting of the 

municipal garden, a small building and the surrounding land meant for the planned recycling 

centres, is commonly called “viveiro” and will be referred with that name in the following 

text in this study. See Appendix 2 for the pictures.  

Another advantage with this location is that it’s very close (about 5 min walking distance) to 

the municipal market where the feedstock for the digester could be collected. The vendors in 

the market sell mainly fruits, vegetables and fish. Fruit and vegetable peels or fruits and 

vegetables that can’t be sold are suitable feedstock for the digester. Even fish waste can be 

added in the digester.  
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Figure 5. System design for the pilot small-scale AD plant in Quelimane. 

In the above mentioned meeting the model design for the system and the availability of the 

materials were also discussed. It was stated that finding polyethylene plastic can be difficult in 

Quelimane and it was decided that the digester could be built using one of the used aluminum 

tanks with the volume of 200 liters that the municipality has in their vehicle and tool storage. 

This volume will be enough to create biogas for experimenting and testing the system. For 

regular cooking on daily base in a household, a bigger digester volume would be needed. The 

main purpose of the system was decided to be a pilot testing system and the end users will be 

the 4-5 municipality employees working in viveiro. The primary goal of the system was 

defined to be the educational purpose to introduce the anaerobic digestion technology to the 

municipality employees and not to maximize the volume of the gas generated. The 

municipality employees working in Department of Municipal Development Projects are the 

key target group since a couple of people from that department with the employees working in 

viveiro will be assisting with the installation of the system. Thus, these people will be the first 

ones to learn the basic functions of the system and to spread the knowledge forward.  

It was agreed that the first pilot system will be financed by Project Vita, the organization 

implementing sustainable solutions (e.g. ecological housing) for communities in 

Mozambique.  

3.1.3. The final system design 

Based on the information that came up during the meeting a model for the biogas plant was 

designed. It is a model combining some features from the both digester models that were 

presented in the initial discussion, the rubber balloon model and the three barrel model. The 

digester will be a cylindrical tank instead of a polyethylene plastic balloon which makes the 

system fixed-dome type of a biogas system. The biogas supply line has an adapted design 

from Herrero’s polyethylene digester including fewer parts and a different material will be 

used for biogas reservoirs. The chosen model is a continuous-fed system that will be fed daily, 

at least on labor days. The figure 5 illustrates the system design and the below text describes 

the details.  
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Digester 

A plastic tank of 250 liters functions as a reactor for the anaerobic digestion and the generated 

biogas accumulates in the upper part of it. Approximately 75 % of the total volume (112.5 

liters) is liquid volume filled with the mixture of substrate and water. The remaining 25 % 

(62.5 liters) is reserved for the biogas. When the digester is filled with new feedstock, the 

same amount of slurry will be removed in order to maintain the same liquid gas ratio. The 

digester is elevated from the ground with bricks to be able to take out the slurry from the 

outlet that is located in the lower part of the tank.  

Inlet and slurry outlet 

The inlet of the system is built by fitting together two pieces of PVC pipe of 11 cm’s 

diameter. A pipe bend is attached on a side of the tank with an airtight rubber ring using glue 

and silicon on the contact surface. A cylindrical piece with the length of 41.5 cm is attached to 

the pipe bend. When the digester is filled the mixture of the substrate and water it will fill the 

lower part of the pipe bend ensuring that no air enters in the system. On the opposite side of 

the tank below the inlet level a slurry outlet is installed in an already existing hole in the tank. 

A metallic valve keeps the outlet closed and it can be opened when the slurry needs to be 

taken out.  

Biogas outlet and supply line 

Pieces of PVC pipes of ½” inserted together form the biogas outlet and the biogas supply line 

from the digester to the gas stove. Biogas outlet is a 65 cm piece of PVC pipe attached in the 

digester with plastic ring, some rubber and silicon in order to make the outlet airtight. A 

wooden support is excavated in the ground and tied to the upper part of the outlet. The biogas 

outlet is attached to the gas supply line with a PVC tube bend. The gas supply line transports 

the generated gas from the digester to the gasholders and to the stove. The gas flow can be 

regulated by opening and closing the three valves located along the supply line.  

Closest to the digester there’s a lock valve for maintenance that is meant to be always open 

except when the steel wool or the plastic bottle in the safety valve is changed. Leaving the 

valve closed hinders the gas flowing out from the digester and can therefore increase the 

pressure in the tank and lead to a risk of an explosion. The valve between the security valve 

and the T-fitting connected to the gasholders is kept closed when the biogas is used for 

cooking. This inhibits gas flow from the gasholders back to the digester. The third valve is 

situated closest to the stove and is kept closed unless cooking. It’s particularly important to 

keep this valve closed when the stove is removed and stored inside in order to avoid gas leaks 

to the environment. The gas stove used with the digester is a small movable stove that is 

stored inside of the viveiro building due to the risk of vandalism.  

The gas supply line is built to be inclined from the both ends towards to the security valve. In 

this way the condensed water in the pipes runs to the security valve and doesn’t block the 

pipes.  

Security valve 

A security valve is installed after the first lock valve in order to ensure that the pressure in the 

biogas plant doesn’t increase up to a level that could risk the plant to break. If the biogas in 

the gasholders is not consumed for a while it will escape to the atmosphere through the safety 

valve. The upper pressure limit is set by adjusting the water level in the plastic bottle. The 

security valve also functions as a water trap, preventing the condensed water inhibiting the 

gas flow in the pipes. Therefore, security valve is placed at the lowest point of the gas supply 

line. (Stoddard, 2010) 
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The security valve is made of a 1.5 L plastic bottle. To be able to refill the bottle with water a 

hole is made in the upper part of the bottle. The bottle is attached to the gas supply line with a 

T-fitting. The open outlet of the T-fitting is connected with a 24 cm long PVC tube, which is 

introduced in the plastic bottle. The tube is dipped in 10 – 15 cm of water depending on the 

needed pressure. A wooden support is excavated in the ground and the bottle is tied in the 

support with a rubber band.  

Inside the T-fitting there’s a piece of steel wool that functions as hydrogen sulfide filter 

reducing smell from the biogas. The steel wool serves also as a fire wall preventing an 

external combustion to spread through the biogas supply line. It is recommended to change 

the steel wool every 6 month. (Lüer, 2010) 

Gasholders 

Two car inner tires placed one on the top of the other function as biogas reservoirs. Each 

gasholder has an approximated volume of 20 liters. They are connected to the gas supply line 

with a T-fitting and flexible plastic pipes (hoses). A wooden support is excavated in the 

ground and tied to the T-fitting with a rubber band. In the current biogas plant the gasholders 

are fixed to the supply line but in the future this design allows removing gasholders for 

transportation and using the gas in another location. When the gasholders are filled with gas 

weight can be placed on the top of them to be able to cause an adequate pressure for gas to 

flow to the stove. A rectangular wooden shelter covers the gas reservoirs to protect them from 

any sharp object. The shelter is provided with a lock that can be closed with keys in order to 

avoid damage from vandalism.  

3.1.4. Purchasing materials and building the system 

The list of the parts needed for the biogas supply line was obtained from the earlier mentioned 

Herrero’s manual and the rest of the items were adapted according to the local availability. 

They were purchased in several hardware stores and open markets in Quelimane. This was 

done successively during several days and more items were purchased also during the 

installation when it was discovered that something was missing. Appendix 1 presents a 

complete list of the material used for the system and the prices. In one of the hardware stores 

a plastic tank of 250 liters was found and it was decided to be used instead of the aluminum 

tank that might be corroded by the generated biogas.  

The system was decided to be placed in the shaded side next to the building in viveiro where 

it could be connected to a gas stove situated either inside or outside of the building. The 

chosen side is sheltered from the wind, which makes it possible to place the gas stove outside 

if desired, since the two rooms in the building are very small and usually all activities are 

performed in the yard.  

Installation of the system was done during three days. On the last day of the installation filling 

of the system was started, with the mixture of cow manure and water. There was not enough 

cow manure to fill the system to the desired level and more manure was delivered for the next 

day. The system was filled up to a level that was estimated to be 75 % of the total volume of 

the system and at the same time ensuring that the feedstock blocked the inlet of the system 

making the digester airtight.  

The wooden shelter for the gas holders and the flexible tube connecting the system with stove 

were installed later during the 5 weeks’ period when the system was left for anaerobic 

bacteria culture to be developed from the initial input of cow manure. Also, a small gas stove 

was purchased during that period and stored in the viveiro building. Appendix 3 presents 

some pictures of the installation.  
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3.1.5. Risks 

A specific risk with the system built in Quelimane is its vulnerability to vandalism. Viveiro is 

an open area surrounded by a fence on the street side but the entrance is open. On the other 

side the area is directly connected to private land areas located next to the municipal land. 

There’s a guardian staying 24 hours in the building located in the site but it doesn’t 

completely remove the risk of vandalism. This risk could be reduced by building a proper 

fence which could be done when the recycling centre by CELIM is built in the same area. 

Also, monitoring of the biogas plant will be easier when the employees working at the 

recycling centre will be in the location daily.  

 

3.2. Feedstock and estimated biogas production 
Production of biogas is a complex process and it depends on so many factors that the accurate 

mathematical estimations of the production rate is not possible (House, 2012). A well-known 

equation to describe biogas production is the Buswell equation created in 1952. It estimates 

the products of the anaerobic digestion of a generic organic material of chemical composition 

CcHhOoNnSs : 

CcHhOoNnSs + 1/4(4c - h - 2o +3n + 2s)H2O → 1/8(4c - h + 2o +3n + 2s)CO2 + 1/8(4c + h - 

2o -3n - 2s)CH4 + nNH3 + sH2S  

The Buswell equation can be used only to estimate biogas composition but not volume 

produced since it assumes 100% breakdown of the organic material. (Banks, n.d.) Due to this 

complexity to estimate mathematically the volume of the biogas that will be created from a 

certain substrate in this study results from other empirical studies were used to evaluate the 

biogas production rate that can be expected.  

In Trivandrum, India, six floating dome digesters with the volumes of 1 m
3
-25 m

3
 were 

monitored. All digesters were started up using cow manure four years ago and they are 

nowadays functioning with food waste as feedstock. The two smallest digesters both with 

volume of 1 m
3
 generated daily 0.319 m

3
 and 0.349 m

3
 of biogas with methane composition 

of 65.5 % and 64.4. %. The digesters were fed with fish waste, vegetable peelings, coconut 

and rice and in one of the digesters small amount of dog manure was added. The weekly 

loading rates were 6.91 kg VS and 6.27 kg VS. The produced amount of gas equals 

approximately 43-47 min of burning time if assumed a biogas gas consumption rate of 

0.45 m
3
/h. This amount of biogas was although not enough for cooking three meals per day, 

which was the prevailing cooking practice, but was sufficient for boiling the everyday 

consumption of water. (Lou et al., 2012) 

Similar results were obtained in another study performed using 1 m
3
 floating dome digesters 

in Tanzania. These digesters generated daily 0.14 - 0.28 m
3
 biogas from 2 kg of food waste 

and waste from a food market mixed with 18 L of water. Thus, 2 kg of kitchen waste should 

be able to provide approximately 45 min of burning period which is one third of the average 

cooking time of 2.5 h/day for a household with five members. (Lou et al., 2012) 

Viswanath et al. studied the gas production from a feedstock of different fruit and vegetable 

wastes, such as mango, pineapple, tomato, jackfruit, banana and orange, in a 60-liter digester 

located in India. It was observed that this kind of fruit and vegetable waste generated an 

average yield of 0.5-0.6 m
3
 of biogas per kg VS added with a methane content of 51-53%. 

The used loading rate was 40 kg TS/m
3
/day meaning 2.4 kg TS added daily in the digester 

with volume of 60 liters. (Viswanath et al., 1992) 
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The capacity of the system to produce biogas doesn’t seem directly to be related to the 

volume of the digester (given that the volumes are not completely in different scales, e.g. 

small-scale and community scale) but more on the amount of feedstock added in the digester. 

In the study from Trivandrum, India, digesters with the volumes of 1 m
3
 and 2 m

3 
produced 

both 0.3 m
3 

of biogas (Lou et al., 2012) According to Viswanath et al. 60 liters digester fed 

with 2.4 kg organic waste resulted generating 0.5-0.6 m
3
 of biogas per kg VS added 

(Viswanath et al., 1992).  

This indicates that the digester in Quelimane with the total volume of 250 liters can be fed 

with 2 kg of food waste and has potential to produce approximately 0.3 m
3 

of biogas needed 

for 43 min cooking time, given that the gas is used constantly since the system can’t store this 

amount of biogas due to its dimensions. The total gas volume of the system is approximately 

100 liters consisting of gas volume of the digester (estimated to 62.5 liters) and total volume 

of the two gasholders (estimated to 40 liters). If it results that the gas production is faster than 

the usage rate of the gas the daily input of 2 kg could be divided in three separate feedings 

(morning, midday and afternoon/evening) to be able to use the generated gas and create more 

gas volume for the gas to be produced from the next feeding.  

The relation between the liquid volume of the digester (Vl), the volume of the slurry loaded 

per day (Vi) and the retention time can be described as follows  

RT (in days) = Vl  / Vi  (Stoddard, 2010). 

The liquid volume of the digester installed in Quelimane is approximately 75 % of the total 

volume meaning 187.5 liters. If assumed that the digester is fed daily with 12 liters of slurry 

(2 kg of food waste mixed with 10 liters of water) the retention time will be 15.6 days. This 

falls in the range of the retention time for a small-scale continuously-fed digester. The 

previously mentioned example from Tanzania where a digester with the volume of 1 m
3 

was 

fed daily with 2 kg of food waste mixed with 18 liters of water gives the retention time of 

37.5 days if the liquid volume of 75 % of the total volume is assumed. Larger difference 

between the liquid volume and the volume of the daily fed slurry and thus longer retention 

time increases the possibility to optimize the amount biogas produced from the added 

feedstock. If the volume of digester and the gasholders is too small compared to the loading 

rate all the fed substrate might not be properly digested which will decrease the biogas 

production. Therefore, bigger digester volumes are needed if more small-scale digesters for 

households are installed in Quelimane. For the pilot digester mainly meant for testing and 

educational purposes the given volume of 250 liters is enough.    

Assuming that 1 m
3
 of biogas has a calorific value of 22 MJ (Banks, n.d.), the above biogas 

production rate of 0.3 m
3
 mean an energy yield of 6.6 MJ. Assuming the heat capacity of 

water is 4.186 kJ/kg·°C gives that 334.88 kJ energy is needed to heat one liter of water from 

20°C to the boiling point and thus 6.6 MJ energy is enough to boil 20 liters of water. This 

means that 15 liters of biogas is needed for boiling 1 liter of water. According to Eawag 

(Swiss Federal Institute of Aquatic Science and Technology) a higher amount, 30-40 liters of 

biogas, is required to cook one liter of water. According to the same source, 120-140 liters of 

biogas is required for cooking 0.5 kg rice and 160-190 liters for 0.5 kg vegetables. (Eawag, 

2014, b) 

Based on the data presented in this chapter feeding the digester in Quelimane with 2 kg of 

food waste daily should generate sufficient gas for cooking one meal (consisting of 0.5 kg rice 
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and 0.5 kg vegetables) for the few people working in the municipal viveiro or for boiling tea 

water or water for taking bath for the daily need i.e. 10-20 liters depending on which data is 

used. The planned feedstock for the first week of the daily charge consisted of peels of the 

seasonal fruits: banana, passion fruit, papaya, mandarin, guava and pineapple. In addition 

small amounts of pumpkin leaves and food waste was added. This feedstock was collected 

and stored in closed plastic bags in a household in Quelimane, consisting of three people.  

 

3.3. Measuring biogas production 
Biogas production can be described and quantified in many different ways. Biogas production 

rate (BPR) is the volume of biogas that is produced per unit time. BPR can be measured with 

a flow-meter or by using a technique known as water displacement (WD) method. It is a 

simple technique used in many of experiments on tubular plastic biogas digesters. The 

produced biogas is led to a light-weight bucket of known volume which is turned up-side-

down and is floating in a larger bucket filled with water. As biogas fills the light-weight 

bucket, it rises, and the volume of the produced biogas per unit time can be calculated. 

(Stoddard, 2010) 

 

Since the biogas production rate variates with the ambient temperature and other variables 

inside the digester a more reliable measuring result can be obtained if the WD method can be 

applied during an entire 24h period. However, this would create a practical problem of finding 

two buckets with the volume of 300 L since the expected daily biogas production rate was 

estimated to be approximately 0.3 m
3
 based on the previous research with the plants of similar 

feedstock. More relevant method when considering the aims of this study is to measure the 

quantity of meals that can be cooked or the amount of water that can be boiled during the 

labor days and hours.  

 

 

3.4. Analysis of the state of the digester and planned actions for the months after 

the field work  
Five weeks after the installation of the biogas system in Quelimane and feeding it with the 

initial input of cow manure no gas could be observed in the gasholders. Due to the digester 

design (the digester being built of hard PVC plastic material and not having a dome that 

would move up and down depending on the amount of gas created) the only way to monitor 

the gas production is to observe the gas holders. Normally daily feed is started when some gas 

production can be observed but due to time constraint of the field work it was decided that the 

daily feed will be started as an experiment to find out if adding food waste would stimulate 

the initiation of gas production. As mentioned in the chapter 2.3.1 co-digestion of manure and 

organic household waste is more effective since organic waste has higher energy content. In 

addition, gathering anaerobic populations from several sources contributes to the most diverse 

bacteria population possible (House, 2010).  

 

Feeding the digester with food waste that had been gathered during one week in a household 

(as mentioned in the chapter 2.6) was performed during three subsequent days. The first input 

was 1 kg waste mixed with 10 liters water and the second and the third inputs were 2 kg waste 

mixed with 12 liters of water. Each day about 16 liters slurry was removed from the digester 

and it was spread directly to the plantations in viveiro. When no gas production could be 

observed after the third day of feeding, the digester was decided to be left without feeding 

until combustible gas would be produced.  
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An average time for cow manure to start producing biogas in tropical zones is 30 days. 

According to Herrero’s manual the initiation time is 3 weeks and another source states that 40 

kg of dung needs to be fermented for 40 days to produce 250 g of methane, corresponding 

0.37 m
3
 (Care-India, 2014). According to this data gas production should have started during 

the 5 weeks period the digester was left for inoculation.  

A possible explanation to the absence of gas production during the field work could be the 

fact that approximately half of the cow manure fed in the digester was brought from a 

slaughter house. The origin of the cow manure came up to discussion after the digester was 

already filled. The cow manure was fed in the digester during two subsequent days. The first 

load of the cow manure was delivered from a farm located 45 km from Quelimane city and 

when it was finished the second load was brought from a slaughter house due to its proximity 

to the city. The cow manure from a slaughter house is taken directly from the animal’s body 

and thus it has not gone through the whole natural digestion process. The consequence of this 

can be that the manure doesn’t contain so many anaerobic bacteria than the manure brought 

from a farm contains. For this reason it’s possible that the relation between the substance and 

the amount of anaerobic bacteria in the initial input is very low and the initiation of gas 

production will take longer time.  
 

According to David House initiating a test digester with the volume of 55 gallons (~200 liters) 

by feeding it with mixture of manure, leaves and organic kitchen waste may take months 

before gas production starts unless a culture of anaerobic bacteria is established. A possible 

way of obtaining a population of anaerobic bacteria is adding slurry from a functioning 

digester or sludge from a local sewage plant. (House, 2010) This option could be investigated 

in Quelimane if no gas appears during the becoming months.  

 

Another factor prolonging the generator startup can be related to the weather conditions that 

prevailed during the period of the field work. Mozambique has a warm tropical climate with 

the average temperature of 28 degrees Celsius. The coldest period is between June and 

October. (World Weather & Climate Information, n.d.) The experiment with the digester was 

started when the cooler period was about to begin and the weather conditions during the field 

work were varying from warm sunny days (25-30 degrees Celsius) to cooler rainy days (20-

22 degrees Celsius). These temperature fluctuations can be one factor delaying the gas 

formation. Initiating the digester during the warmest period, from October to April, 

accelerates the process of anaerobic digestion and the biogas formation can be expected to 

start earlier. Anaerobic digestion process is affected not only by the temperature but also 

variations in the temperature which can be diminished by placing the system underground or 

partly underground.  

 

Mixing is also a parameter regulating biogas production. Too much mixing stresses the 

microorganisms and without mixing foaming can occur. (Rajendran et al., 2012) Since small-

scale digesters often don’t have the mechanical mixing function formation of scum can 

prevent the full gas production (House, 2010). This is a possible factor delaying the gas 

production in Quelimane digester. Mixing of feedstock happened though during three days 

when some food waste was added and slurry was taken out. When there’s no observable gas 

production yet repeating the feeding and taking out slurry can lead to washout of anaerobic 

bacteria and therefore daily feeding was decided to be started only when gas production 

begins.  
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The digester tank was controlled for possible sources of gas leaking out from the digester. No 

visible holes were found but it’s possible that the digester is not completely airtight since the 

tank cover was manually closed with the help of silicon. The tank was made as airtight as 

possible with the locally available materials and skills.  

 

Thus it was agreed that the digester will be left for a couple of months without adding more 

substrate and it will be monitored on regular basis. A team from the Department of Municipal 

Development Projects was trained to monitor, maintain and use the digester. They were 

shown how to connect the digester to the gas stove and how to open and close the valves 

when cooking or doing maintenance. It was agreed that the follow up will be done between 

the author and the Department of Municipal Development Projects and the Department of 

Cooperation. Any actions that needs to be taken or any changes in the status of the digester 

will be communicated from the both sides. In the long run CELIM will take ownership of the 

digester and include it in the project of composting and recycling centre. If no gas appears 

after some months, a possible action to be taken is to empty the digester and re-initiate it by 

filling it with cow manure delivered from a farm mixed with a small amount of sewage 

sludge.  

 

Jaime Martí Herrero was consulted by e-mail regarding how to initiate a small-scale digester 

when it’s meant to be fed with food waste. According to him the digester needs to be 

stabilized first with cow manure during three months charging the digester 2-3 times per week 

when the gas production has started. After that the feedstock can be changed gradually, 

starting with 80 % of manure and 20 % of food waste and after three days adding 70 % of 

manure and 30 % of food waste. The charge will be continued every three days increasing the 

fraction of food waste in the feedstock. (Herrero, 2017) Herrero reports that a prototype of a 

small-scale community based biogas plant using the organic food waste as input was 

constructed by his team in Tiquipaya, Bolivia. The plant design is a semi-underground system 

with the volume of 12 m
3
 and it produces 5.18 m

3 
of biogas daily from the average daily input 

of 54.09 kg of organic waste. The biogas plant started operation in August 2014 with cow 

manure and after a stable production of biogas was achieved a part of the daily input was 

substituted by organic waste and with the recirculated slurry. The amount of organic waste 

was gradually increased and since December 2014 the plant is fed only by the organic waste 

from the nearby market. (Herrero, 2015) 

 

This feeding pattern could be applied to the digester in Quelimane but availability for cow 

manure needs to be investigated and confirmed first. Delivering cow manure during three 

months from the farm located 45 km away is not a feasible solution and it needs to be 

investigated if there are other possible solutions for digester feedstock and stabilizing the gas 

production. Once the gas production is established the digester can easily be fed with the 

vegetable and fruit waste from the nearby market or food waste from the restaurants located in 

the city center. To make the food waste digestion faster and more efficient the food waste 

could be cut in small pieces and blended with a small kitchen blender before feeding in. This 

would though increase the cost but could improve the energy efficiency of the biogas system 

when more energy is generated in shorter time.   

 

 

 

 



26 
 

4. AD technology and sustainable development  
 

The concept of sustainable development is wide and can have different meaning depending on 

the context in which it is used. According to one definition sustainable development can be 

understood as diverse local and global efforts to contribute to a positive vision of a world in 

which basic human needs are met within the planetary boundaries. (Kates et al., n.d.) In this 

case it’s relevant to study how local efforts can contribute to a more sustainable future in a 

specific community.  

Generally speaking, biogas as an energy source has huge potential to contribute to sustainable 

energy usage. According to a review of household biogas digesters the households with 

biogas plants have 48 % less emissions of greenhouse gases compared to households without 

biogas systems and only 10 % of households with biogas plants had methane leakage which 

was taken in account in their emission balance. It’s estimated that the global warming 

mitigation potential from household digester of 3 m
3
 in India using cattle manure is about 9.7 

tons CO2 equivalent per year. (Rajendran et al., 2012) Combustion of biogas doesn’t cause 

extra emissions of carbon dioxide to the atmosphere since the biomass used for biogas 

production originates from photosynthetic fixation of carbon dioxide from the atmosphere. 

(Ahring, 2003) 

Using biogas for cooking instead of firewood decreases the destruction of the forests and 

eliminates the respiratory deceases caused by air pollutants that form when firewood is 

combusted inside of the houses. Biogas is also a more economical fuel for cooking compared 

to usage of electricity or liquefied gas as sources of energy for cooking. The residual material 

generated in biogas production is very high in nutrients due to the bacterial action and absence 

of oxygen. This effluent can be used as organic fertilizer which helps to reduce the application 

of chemical fertilizers. (Aguilar, 2001) Upgrading the waste into a valuable product closes the 

cycle from soil to crop, to product, to waste and back to the soil (Da Costa Gomez, 2013). 

Since the digestion makes plant nutrient more readily available the effluent is a better 

fertilizer than manure or synthetic fertilizers (The University of Adelaide, 2008). Apart from 

improving life quality, saving money, amending crops and protecting natural resources the 

small-scale AD technology is simple and cheap and can be applied everywhere in the tropical 

countries. (Aguilar, 2001) Biogas is also a quick, easily controlled fuel and leaves cooking 

pots clean (The University of Adelaide, 2008). 

Biogas plants can be fed with animal and human excrement which helps to diminish bad 

smells and pathogenic germs and reduce the population of flies and mosquitoes. (Aguilar, 

2001) Biogas systems reduce the enrichment of bodies in fresh water resources by decreasing 

the amount of inorganic plant nutrients in waste. Another social benefit of biogas technology 

is that it reduces the workload of women; gathering firewood is no more necessary for 

cooking. Furthermore, biogas is produced mainly from locally available raw materials and 

reduces the amount of imported fuel oil. (Tumwesige et al., 2014) 

 

The biogas plant installed in Quelimane is meant to serve the local community for educational 

purposes but it also aims to produce cooking gas for the few people working in viveiro. One 

way to evaluate its potential to contribute to an environmental improvement is to estimate 

how much firewood is saved if the gas produced by the digester can be used regularly for 

cooking. If supposed that 1kg of firewood roughly corresponds 200 liters of biogas (Eawag, 
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2014, b) and if supposed that the system has a potential to produce 300 liters of biogas daily 

from 2 kg of food waste which is enough for 43 minutes’ daily cooking time (see chapter 2.6) 

it would mean saving 1.5 kg of firewood every day and 30 kg of firewood every month if 

cooking is supposed to happen during labor days. Another environmental benefit of the 

digester is that the slurry produced can be used for the plants in viveiro or for the surrounding 

agricultural areas and in fish aquacultures as a fertilizer for fishponds instead of using 

chemical fertilizers.   

 

Installation of this pilot biogas system is part of the municipal sustainability strategy through 

“Quelimane Limpa” (“Let’s clean Quelimane”) program that is the composting and recycling 

plan implemented by CELIM. “Quelimane Limpa” in turn is part of the action plan of Milan 

Urban Food Policy Pact that Quelimane municipality has signed recently.  The Milan Pact is 

an international agreement that encourages the participating municipalities to develop 

sustainable, inclusive, safe and diverse food systems. One of the goals of the pact is to build a 

multigenerational and economically viable food system with inputs such as compost and 

energy from food waste. (Milan Urban Food Policy Pact, n.d.) These networks and 

international commitments can support the dissemination of AD technology from the first 

small-scale plant to different community based solutions leading to an urban green growth in 

the municipality and in the surrounding province.    
 

4.1. Economic sustainability 
The total price of the pilot biogas plant installed in Quelimane was calculated to be 21 227 

MZN (352 USD), see appendix 1. If supposed that a person installing the system already has a 

gas stove or can construct a simple burner without buying a stove and that they don’t need to 

pay for purchasing and delivering the cow manure as it was case when installing the pilot 

system, the total cost would be reduced with 4 360 MZN (72 USD). If the municipality lends 

to the citizens the tools needed for the installation, the price of the digester would be reduced 

with 2 411 MZN (40 USD). After these reductions the remaining cost for installing this type 

of digester is 14 456 MZN (240 USD). The most expensive item in this model is the digestion 

tank with the price of 6 000 MZN (99 USD) and if the tank could be obtained recycled (for 

example an old water tank) the price would be significantly lower, 8 456 MZN (140 USD). 

This is the minimum cost for this type of biogas digester built from the materials locally 

available in Quelimane.  

Minimum salary in Mozambique is from 3 500 MZN (58 USD) for agriculture and from 

6 000 MZN (99 USD) for administrative type of work which varies depending on levels of 

education (Tambara, 2017, b). When taken in account the living costs in Mozambique it’s 

obvious that people receiving the minimum salary can’t afford building a digester without 

external subsidies or building co-operatives of more than one household sharing the same 

digester. The average cost for cooking fuel (consisting mainly of charcoal but also gas, wood, 

electricity and fusion of alcohol) in Quelimane per person and month is estimated to be 102-

170 MZN (1.8-3.1 USD) (Rudén & Stendahl, 2016). If supposed that a household consists of 

5 people the monthly cooking fuel cost for a household is 510-850 MZN (8.5-14 USD). Using 

this data it can be calculated that a biogas digester providing a free cooking fuel for a 

household would pay itself back in 10-16 months if the minimum cost (140 USD) is used as a 

reference and 25-41 months if the maximum price is used. This makes the digester a 
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profitable investment since most small-scale biogas digesters have lifetimes of 25–35 years 

(Rajendran et al., 2012).  

 

5. Future possibilities 
 

The first step in order to expand the AD technology project in Quelimane municipality was 

taken in the end of the field work period. In cooperation with the author and the Department 

of Cooperation an application for a UN grant, “Powering the Future We Want”, was prepared 

and submitted on the 15th of June. This programme, titled "Powering the Future We Want - 

Recognizing Leadership and Innovative Practices in Energy for Sustainable Development", 

offers a grant of one million US dollars to fund development activities in sustainable energy 

field. The grant can be applied by an individual, institution or partnership aiming at promoting 

leadership and innovative practices in meeting the global energy challenge. The thematic 

focus for this year is "Sustainable Energy for Eradicating Poverty and Promoting Prosperity in 

a Changing World". (UN, 2017) The application of Quelimane municipality was submitted 

with the title “Waste-to-Energy solution in Quelimane municipality (WES -Quelimane)” and 

with the purpose of applying funding for reconstruction of waste management system in the 

municipality which includes building a large scale AD plant in the municipal landfill. The 

main targets of the project proposal are 

o To build a waste segregation system where the citizens dispose their waste in different 

containers depending on the content of the waste.  

o To organize a proper recycling system for the different waste fractions.  

o To build a new municipal landfill where the waste that can’t be reused or recycled will 

be disposed.  

o To build an anaerobic treatment plant for the organic fraction of the municipal waste. 

The aim of this plant is to produce biogas that can be used for different purposes such 

as for cooking, electricity generation, or cooling systems.  

This proposal aims to engage various stakeholders such as refreshment bottle companies to 

cooperate with recycling the plastic and bottles, a company that builds the AD plant and 

installs biogas engines to generate electricity and delivers it to the municipal grid and a 

company that handles the biogas, compresses, delivers and sells it. Apart from the households, 

food waste for the AD plant can be collected from food manufacturers, restaurants, shops, 

bakeries and breweries which requires establishing adequate agreements with these parties. 

The plan also includes creation of small-scale fish and vegetable farmers’ co-operatives to 

manage fertilizer distribution that will be another end product from the AD plant. Time frame 

for implementation of this plant is estimated to be 2 years.  

 

Biogas based refrigeration systems  

A possible application for the future utilization of AD technology is introducing biogas 

powered absorption refrigeration systems for the fish industry and the local markets selling 

fish. Without refrigeration the fish and other seafood need to be sold during the same day after 

taken from the sea which reduces benefits and creates unnecessary waste. Biogas based 

refrigeration technology would increase income by prolonging the lifetime of these products. 
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Figure 6. Absorption refrigeration cycle, (Samar & Sharma, 2015). 

Biogas driven refrigeration can also bring significant savings of electricity; The International 

Institute of Refrigeration in Paris has estimated that approximately 15% of all the electricity 

produced in the world is used for refrigeration and air-conditioning processes (Samar & 

Sharma, 2015). 

An absorption chiller is a 

refrigerator that uses a heat 

source to generate the energy 

needed to drive the cooling 

system. This heat can be 

produced by combusting 

biogas. (Simons Green 

Energy, 2017) As can be seen 

in figure 6, the absorption 

refrigeration cycle consists of 

a generator (3), condenser 

(4), evaporator (1), absorber 

(2) and expansion valve 
(Samar & Sharma, 2015).  

In the evaporator, the 

refrigerant fluid (for example 

ammonia) evaporates by extracting heat from the product or room that is meant to be cooled. 

The evaporated refrigerant flows into the absorber where it mixes with the secondary fluid 

called absorbent (for example water).  This mixed solution is driven into the generator where 

it is heated by the combustion of biogas. The heat causes the refrigerant to vaporize (but not 

the absorbant, which is recirculated to the absorber). The refrigerant vapor is condensed into 

liquid in the condenser and starts a new cycle in the system.  (Samar & Sharma, 2015; Anand 

et al., 2014) 

The amount of the biogas needed for refrigeration depends on the outside temperature. A 

refrigeration system with the volume of 100 liters requires about 2000 liters of biogas per day 

to cool the temperature from ambient to five degrees Celsius. A large household refrigerator 

consumes about 3000 liters of biogas per day. (Samar & Sharma, 2015) In the experiment 

performed by Trivandrum, India, (chapter 2.6) one of the studied digesters with the volume of 

6 m
3
 and a weekly load of 57.8 kg VS produced 3065 liters per day. This gives an idea of the 

dimensions and the loading rate needed for a biogas driven refrigerator. A digester like this 

could be installed in the municipal market of Quelimane where availability of the organic 

food waste should be enough to feed the digester with the mentioned loading rate. Feedstock 

could be even completed with food waste from the nearby restaurants. Absorption 

refrigerators for the fish farming sites could be powered with the compressed and bottled 

biogas produced in the large AD system placed in the municipal landfill.  

 

Biogas systems connected to latrines 

Suburban and district areas in developing countries often have unimproved basic sanitation 

services due to poor accessibility, lack of legal status and financial resources as well as due to 

insufficient supportive infrastructure. Due to this, pathogens spread to the environment 

endangering the public health and polluting groundwater. Nutrients from the human excreta 

may cause eutrophication of surface waters. (Katukiza et al., 2010) In Mozambique about 

21% of the population has access to proper sanitation (WaterAid, 2017). In Quelimane 
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Figure 7. Biogas based latrine, (The Open University, 2016). 

suburban areas majority of the households don’t have access to adequate sanitation. Many 

don’t have toilets and others connect their house sewage system into the drainage channels 

which hinders the free flow of drained water and increases the risk of spreading bacteria and 

diseases (Tambara, 2017, a). For this reason the municipality of Quelimane together with 

WaterAid initiated a project to build latrines in the district areas. So far 600 latrines have been 

built in the district of Incidua. The latrines are built of metal sheet walls and roof and the 

underground part is 1-1.5 m deep. However, maintenance of the latrines is the owners’ 

responsibility and is often lacking due to financial restrictions. This causes a problem of 

overflowing latrines during the rainy season. (Tambara, 2017, c) The high population density 

in the districts and the flood prone location enhance the problem of washout of toilet waste. 

Conventional sewerage is often too expensive to be implemented and operated in the 

suburban areas. Biogas latrines can be applied in district areas to form a sustainable solution 

to generate biogas for cooking and water heating as well as improving public health and 

mitigating environmental problems associated with poor sludge management. In addition 

biogas latrines have an advantage of requiring less land than other sewage solutions. 

(Katukiza et al., 2010) 

 Co-digestion of excreta and organic waste from households and restaurants can be used to 

increase biogas production from the latrines. Communal sanitation blocks can be constructed 

in order to provide an affordable sanitation solution for district areas. (Katukiza et al., 2012) 

Connecting communal 

sanitation blocks to biogas 

digesters provides more 

feedstock for the digester and 

thus enables larger biogas 

yield. Other option is to build 

latrines for each household and 

then collect the excreta and 

transport it to be fed in 

communal digesters. This 

could be implemented in 

Quelimane where the project to 

build latrines for households in 

the districts already exists but 

faecal sludge management 

needs to be improved and 

organized in communal level.  

The types of biogas digesters that are suitable to be combined with sanitation are continuous-

flow fixed-domes, plug-flow and batch-flow fixed-domes, see figure 7. They operate in 

mesophilic temperature range and with volatile solids loading rate between 1.6 and 4.8 kg per 

m
3
 of active digester volume per day. The biogas yield ranges from 0.25 m

3
 to 0.95 m

3
 per kg 

volatile solids depending on the added substrate. It’s important to exclude non-biodegradable 

substances such as cleaning products when applying anaerobic digestion process. (Katukiza et 

al., 2012) 
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6. Discussion 
 

Installing the pilot small-scale biogas digester in Quelimane has been the first step for the 

municipality to develop and implement anaerobic digestion technology in the city. Still work 

and commitment are required, to establish the gas production and regular feeding of the 

system in order to make the system function properly. International development agreements, 

such as Milan Urban Food Policy Pact, and cooperation with non-governmental organizations 

(mainly CELIM) enhances the possibilities for further development and dissemination of AD 

technology in the municipality. In the urban area of Quelimane biogas digesters fed with food 

waste is a well-suited technology for the prevailing local conditions, taken in account that 

there are several markets and restaurants that can supply the needed input for the system. In 

the suburban areas there’s a strong need for developing adequate sanitation and latrines 

connected to biogas digesters would provide a solution for the environmental and hygiene 

problems the districts are facing in the actual situation.   

The design for the small-scale anaerobic digestion plant can still be developed further and the 

parameters affecting the digestion process can be researched and optimized after stabilizing 

the gas production. The first installed digester is dimensioned for one household but a relevant 

question for the future experiments is to investigate if there's potential to connect more than 

one household to the same digester. Communal digesters are more affordable since the cost is 

shared and they require less land, which can be key factors determining the suitability of AD 

technology in the densely populated poor suburban areas.  

 Community based small-scale AD plants can have a problem of uneven gas flow to the 

different households connected to the digester. In this case the gas flow can be regulated by 

manually closing and opening the valves when needed or by adjusting the opening of the 

manual valves until a wanted gas distribution is achieved. (Stoddard, 2010) Regulating and 

optimizing the gas flow to more than one household should be taken to the agenda for the 

future research on small-scale digesters in Quelimane municipality.  

AD technology can function as leap frogging technology in Quelimane municipality and 

generally in the country, providing a clean and affordable source of energy that can be 

adapted to local conditions. The concept of leap frogging refers to a development process 

where an underdevelopment country or company applies directly the most suitable and the 

most environmental friendly technical solution without going through the development path 

starting from the contaminating technology the way the industrialized countries have done it 

(Steffen & Bluestone, 2011).  

 

The majority of the population in Mozambique does not have access to electricity and 

connecting remote areas to the municipal grids can be challenging due to financial and 

infrastructural limitations. Therefore decentralized energy planning including AD technology 

and other technologies utilizing local energy sources would help the country to meet its 

energy demand. This would also generate employment opportunities in the peri-urban areas 

where people are highly dependent on traditional livelihoods affected by weather conditions 

and nature hazards. Optimizing the use of local resources and thus decreasing the dependency 

on imported energy supports the country’s development towards a more sustainable future.  
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7. Conclusion 
 

The first installed small-scale biogas digester in Quelimane has a potential to generate enough 

biogas for cooking one meal or heating water for the daily needs of the few people working in 

the municipal viveiro. This requires that gas production is established, delivery of the 

feedstock and daily feeding is organized by the municipality. The digester can also be used 

for educational purposes in the framework of “Quelimane Limpa” project implemented by the 

municipality and the non-governmental organization CELIM. Suitable applications of biogas 

for the future are cooling systems for the fish industry, latrines for the suburban areas and 

electricity generation from a municipal anaerobic treatment plant, given that appropriate funds 

are obtained. International agreements and grants, cooperation with non-governmental 

organizations and other municipalities inside the country and abroad can facilitate the 

dissemination of AD technology in Quelimane and in the whole country.  
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Appendix 1 
 

List of the materials used for the system 

 

Item      Price (MZN) 

 

A plastic tank of 250 liters      6000 

PVC tube ½” 5m     600 

Irrigation tube ½” 5m     400 

2 units of PVC tube bend ½”      60 

3 units of PVC T-fitting ½”      120 

3 units of metal lock valves ½”    1095 

Plastic valve       400 

Metallic valve      450 

Metallic slurry outlet valve      1081 

Pipe tap ½” for outside thread of the tubes     1036 

Pipe for the inlet of the system     150 

Pipe bend for the inlet of the system     150 

2 car inner tubes to be used as gasholders    1800 

Rubber rings for the tubes to be attached to the gasholders    100 

Wood to protect the gas holders     400 

Lock for the wooden shelter for the gasholders    100 

Iron attachment for the lock     40 

Piece of a bicycle inner tube      20 

Plastic ring for the biogas outlet     40 

Rubber ring for covering a hole in the tank     50 

Old car tire inner tube      200 

A saw       275 

Scissors       150  

A packet of steel wool      130 

Silicon       300 

Knife       50 
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Tape       100 

Measuring tape      150 

4 packets of glue      600 

Cow manure + transport costs     1590 

Scale to measure the weight of the substrate    500 

Bucket to remove the slurry      120 

1 liter measuring bowl      50 

Gas stove      2500 

Flexible tube and 2 metallic rings to attach the tube to the stove  270 

Gloves       150 

Screw driver      50 

 

 

Total       21 227 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



39 
 

Appendix 2 
 

Pictures from viveiro. 
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Appendix 3 
 

Pictures of the installation.  

 

 

 

 

  



42 
 

 



TRITA -IM-KAND 2017:41

www.kth.se


	Omslag-framsida
	SlutrapportG31
	Omslag-baksida

