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ABSTRACT 

The aim of the project was to investigate the possibility of producing and utilizing bioenergy 

from available local resources in the village Linga Linga, Mozambique. Suitable conversion 

techniques for producing and utilizing bioenergy were identified through a literature study. The 

investigated techniques were the concept of gasifier cookstoves, the method of producing 

charcoal from biomass and anaerobic digesters. Through observations and interviews in the 

village, available local resources suited for the conversion techniques were identified. In the 

field study, it was found that there is a surplus of solid biomass which led to the conclusion 

that a gasifier cookstove is suitable to implement. In order to analyze if a gasifier cookstove is 

suitable for the households, interviews were carried out in ten households in the village. A 

prototype of a gasifier cookstove was built with local resources to determine if the technique 

can be applied. The prototype was tested and evaluated in order to analyze if it will contribute 

to a more efficient use of resources. One of the conclusions of the study was that a gasifier 

cookstove can be valuable for the households in several ways, but that cultural differences can 

make it hard to implement. 

 

Keywords: anaerobic digestion, biochar, biomass, bioenergy, biomass combustion, charcoal, 

gasifier cookstove, sustainable bioenergy 
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1 INTRODUCTION  

1.1 BACKGROUND  

According to National Aeronautics and Space Administration (NASA) the average surface 

temperature on earth has increased with 0.9 °C since the end of the 19th century (NASA, 

2019a). This as a result of combustion of fossil fuels which leads to increased greenhouse gases 

in the atmosphere and enhances the greenhouse effect. Greenhouse gases includes carbon 

dioxide, methane, nitrous oxide and water vapor, which blocks heat from escaping the earth 

and leads to a higher average surface temperature (NASA, 2019b). Fossil fuels are used for 

energy recovery in industries, households and the transport sector and are currently the world’s 

primary energy source. The fuels are finite resources stored in the bedrock, such as coal, oil 

and natural gas, and emits greenhouse gases during combustion (EESI, n.d.). The increased 

temperature leads to several environmental changes such as warming oceans, melting glacier, 

shrinking ice sheets, sea level rise and more natural disasters like storms and floods which has 

a large impact on human communities and earth’s ecosystems and biodiversity (NASA, 2019a).  

As a result of climate change, renewable energy is becoming increasingly relevant in today’s 

society. Renewable energy resources are continuously renewed at the same rate as they are 

used and emits less greenhouse gases compared to fossil fuels. There are several renewable 

energy sources used for producing energy, such as hydropower, wind, solar and biomass (EIA, 

2018). Energy produced from biomass is called bioenergy and is the largest renewable energy 

source, corresponding to 70 % of the renewable energy use worldwide. Biomass can be any 

organic matter, such as feedstock from plants and animals or organic waste from households 

and industries, and are used to produce electricity, transportation fuels and heat. A continent 

where renewable energy plays a major role in the energy supply is Africa where nearly 50 % 

comes from renewable resources, whereof more than 90 % comes from biomass (World 

Bioenergy Association, 2018).  

Energy from biomass can be used in several ways. In sub-Saharan Africa, the most common 

way to utilize bioenergy is by creating heat from solid biomass, mainly firewood, for cooking 

(IEA, 2014). Commonly, a pot is placed on three large stones with an open fire underneath and 

the fuel used is usually firewood. This way of cooking is called the three-stone-fire method 

and is the traditional way to utilize bioenergy from solid biomass (Eriksson & Gunnarsson, 

2018, p. 4). Approximately 80 % of the people living in sub-Saharan Africa use heat from solid 

biomass for cooking (IEA, 2014). While using this cooking method, a lot of smoke is created 

in the cooking process which causes indoor air pollution in the households. The smoke has 

several impacts on the health, and can cause diseases such as lung cancer, asthma and 

respiratory infections (WHO, 2019a). According to World Health Organization (WHO) the 

indoor air pollution in households in developing countries is the main cause of diseases and 

early death (WHO, 2019b).  
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One of the countries in sub-Saharan Africa where a large part of the population uses the 

traditional way to utilize bioenergy for cooking, like the three-stone-fire method, is 

Mozambique. According to The World Bank, only 3.7 % of the population in Mozambique had 

access to clean fuels and technologies for cooking in the year 2016 (The World Bank, 2019). 

Besides health impacts, the traditional usage of biomass with firewood has severe effects on 

the environment, such as deforestation. The difficulty of finding firewood is a growing problem 

in the country due to deforestation and destruction of mangroves. According to the Global 

Forest Watch, Mozambique had a decrease of 9.9 % in tree-covered area from the year 2000 

to 2017, which is equivalent to 212 megatons of carbon dioxide emissions (Global Forest 

Watch, 2018). Therefore, to avoid an exploitation of the resources, the biomass should be 

sustainable in the long-term and not have a negative impact on the environment, ecosystems or 

the communities (Roth, 2013, p. 48).  

Linga Linga, a village located in the province of Inhambane in Mozambique, is one of these 

areas where the households have to rely on traditional biomass for cooking, usually over open 

fire in an uncontrolled environment. According to a study that investigated common problems 

related to the households in Linga Linga, one of the main problems identified in the households 

were inhalation of hazardous smoke during cooking (Eriksson & Gunnarsson, 2018, pp. 5-8). 

The study described that all the observed households used the traditional three-stone-fire 

method while cooking, often with firewood as fuel. The study pointed out that it would be 

desirable to further investigate other ways of using biomass for cooking, as well as identify 

other local resources in the village. 

The previously mentioned study was executed with support from the non-profit organization 

Project Vita, which operates in Sweden and Mozambique. Project Vita aims to find solutions 

for the communities in Mozambique through knowledge-sharing and the usage of local 

resources. The solutions can be techniques and technologies to improve the living standard and 

the same time aim towards a more sustainable future (Project Vita, 2019). Through contact 

with Project Vita it has been found that it is desirable to investigate other ways to utilize the 

local resources in the village Linga Linga (Flygar, 2018). Due to the deforestation issues in the 

country and the previously mentioned health impacts of cooking with firewood, it is of great 

interest in this project to investigate possible ways for a more efficient use of the local resources 

in Linga Linga. This by identifying alternative biomass resources that could be used for 

producing and utilizing bioenergy, as well as find suitable conversion techniques and 

applications for the energy.   

1.2 AIM AND GOALS  

For a more efficient use of resources in Linga Linga, Mozambique, the aim of the project is to 

investigate the possibility of producing and utilizing bioenergy from available local resources 

in the village.  

In order to achieve the aim, suitable conversion techniques for both producing and utilizing 

bioenergy for several applications such as cooking will be identified through a literature study. 

Furthermore, available local resources suited for the different conversion techniques for 
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producing and utilizing bioenergy will be identified by observations in the village Linga Linga. 

To determine if the conversion techniques can be applied, they will be evaluated based on the 

conditions in the village. At least one of the conversion techniques will be built and tested on 

site in order to evaluate if it will contribute to a more efficient use of resources. 

1.3 DELIMITATIONS 

To implement the project, the following delimitations have been set:  

● The project is limited to finding solutions that can be implemented with local resources. 

This means that the conversion technique can be built with resources in or nearby the 

village and used with locally available biomass.   

● The project is limited to finding conversion techniques that converts biomass into 

energy in the form of heat.  

● The project is limited to finding conversion techniques that can be applied on a small-

scale in the households of Linga Linga. 

2 LITERATURE STUDY  

The following chapter will present three different conversion techniques that can be used to 

produce and utilize bioenergy. The techniques described in the chapter are the concept of 

gasifier cookstoves, producing charcoal from biomass and anaerobic digesters. Moreover, 

sustainability indicators for sustainable bioenergy will be described.  

2.1 GASIFIER COOKSTOVES 

This subchapter will describe the concept of gasifier cookstoves, including the conversion 

process, design and applicability.  

2.1.1 BIOMASS COMBUSTION  

The technique used in a gasifier cookstoves is biomass combustion, which is a process where 

solid biomass is converted to heat and charcoal. The process consists of four stages: drying, 

pyrolysis, combustion and char gasification, and can take place once external heat is applied 

(Roth, 2013, p. 13). The biomass combustion has to take place in a closed environment, like a 

container where the air supply can be controlled. This allows the four stages to occur separately 

where each step can be fully optimized (Roth, 2013, p. 18).  

The first stage, drying, occurs when the temperature of the solid biomass reaches 100 °C.  At 

this point the moisture in the biomass evaporates which leaves dry solid biomass in the 

container. When the temperature reaches over 300 °C, the pyrolysis begins. In the pyrolysis, 

there is a complete conversion of the solid biomass into wood-gas, as well as the by-product 

charcoal. The wood-gas consists of various carbon compounds such as methane. After all fuel 
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is converted into an energy-rich gas, the combustion can take place which requires oxygen 

unlike the previous stages. The added oxygen is mixed with the gases and are set on fire, which 

leads to combustion where heat, light, water vapor and carbon dioxide is created. If the 

combustion process is not entirely completed, undesirable and dangerous emissions like carbon 

monoxide is created. If it is desirable to save the charcoal for later use it is necessary to stop 

the oxygen flow after the combustion is completed. Otherwise, the fourth and final step, char 

gasification, takes place. In this stage, the charcoal, produced in the pyrolysis, is transformed 

into ashes (Roth, 2013, pp. 13-16). The quality of the produced charcoal is dependent on the 

time duration of the pyrolysis as well as the temperature in the process (Roth, 2013, p. 26). 

The idea behind gasifier cookstoves is not new, however there is a new application of the 

concept called micro-gasification which is applied in smaller cookstoves, also called micro-

gasifiers. The intention is to make cooking conditions easier for households by making the 

cookstove small enough to fit under a cooking pot (Roth, 2013, p. 21). Since this project aims 

to find solutions suitable for rural communities this project focuses on micro-gasification.  

2.1.2 BIOMASS FOR MICRO-GASIFICATION 

The biomass used in micro-gasifiers can be different types of dry solid materials such as wood, 

bamboo, shells and plants. Preferably the moisture content in the biomass should be under 20 

% to get a better and more stable stove operation and gain energy output since less energy is 

needed to evaporate the moisture in the biomass (Roth, 2013, p. 48). When the biomass is put 

in a micro-gasifier it should be chunky cut to achieve optimal fuel use, because this allows the 

air to pass through the material and speed up the biomass combustion. By using a micro-

gasifier, it is possible to utilize smaller sizes of materials, however, the size should not be 

smaller than four millimeters. Furthermore, to avoid an uneven biomass combustion in the 

container, the biomass used should be cut in similar sizes.  

2.1.3 DESIGN AND FEATURES 

There are several constructions for the micro-gasifier cookstoves with different design features 

and operation modes (Roth, 2013, pp. 21-23). One configuration is the Top-lit up-draft (TLUD) 

where the process is similar to lighting a match where the flame goes upwards and the biomass 

beneath is carbonized. The main part of the TLUD is a container in a heat resistant material, 

which contains the biomass which acts as a fuel for the process. A simple model of a TLUD is 

shown in figure 1. To be used for cooking, a pot can be placed over the container to utilize the 

heat created in the process. For the combustion process to occur the container is provided with 

small openings which allows the air to circulate in and out. The openings are placed on two 

different levels of the container, one above the fuel bed at the top (secondary air), and one at 

the bottom of the container (primary air). The number of openings on the top and bottom level 

are different, and for an effective combustion, the recommended ratio between the levels are 

one-part primary air to five parts secondary air. To minimize heat loss in the process, the 

reactor can have double walls, which pre-heats the air and enhances the pyrolysis and the 

combustion. Apart from these openings, the container also has a concentrator disk placed on 



 

 5 

the top. The concentrator disk has a hole in the center which allows airflow and that together 

with the secondary air optimizes the biomass combustion process. For an increased airflow in 

the stove, a riser can be placed on the concentrator disk. 

 

Figure 1: A simple model of a TLUD made in SOLIDWORKS 

 

The following seven steps describes what happens when using a TLUD:  

1. Dry biomass is placed in the container. If the biomass is difficult to ignite, another 

flammable fuel is placed on top and ignited to start the process. At this stage the primary 

air flows upwards in the container (Roth, 2013, pp. 25-26). 

2. The pyrolysis on the upper layer of the biomass begins which creates the first gases and 

turns the surface black. When the first gases are mixed with the secondary air, they are 

set on fire and creates a small flame. It is important that the whole surface of the biomass 

is evenly on fire so that the heat is self-sustaining and works as a motor for the pyrolysis. 

3. At this stage, the top layer of the biomass is turned into charcoal. Due to limited oxygen 

supply from primary airflow, only enough heat for the pyrolysis to continue is created. 

This causes small flames and a glowing layer of charcoal which makes the process 

proceed. Since there is not enough oxygen, the charcoal will not be combusted and the 

carbonization of the biomass will continue downwards through the container. When the 

gases are burnt a clean flame is visible which can seem to come out from the sides of 

the container. At this point, there is a fully established flame on top of the container 

which comes out from the hole in the concentrator disk.  

4. The pyrolysis continues downwards through the biomass in the container. If the primary 

airflow changes, it will affect the speed of the process. An increase will result in a faster 

pyrolysis due to a higher temperature and creation of more burnable gases. An example 
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on how to achieve an increased primary airflow is by using a fan in combination with 

a TLUD. The rate in which the pyrolysis goes downwards depends on the type of 

biomass used and the primary airflow. Commonly, the rate downwards is 5 to 20 

millimeters per minute.  

5. As the self-sustaining heat is approaching the bottom of the biomass in the container, 

the heat output is constant. This can be observed by the flame size being the same as in 

the previous step. 

6. When the flame decreases in size and the yellow/orange color changes to blue, the last 

gases are combusted. The blue flame indicates that the combustion process is completed 

and that the dangerous emission carbon monoxide is combusted. 

7. At this point all the biomass in the container is carbonized and the charcoal stops 

glowing as the temperature drops. Commonly, the remaining charcoal weighs about 20-

25 % of the weight of the loaded biomass and the volume has decreased to about half 

the size. The produced charcoal can be saved for later use. 

Another configuration of a micro-gasifier cookstove is a Bottom-burning up-draft (BBUD) 

which enables the user to use the produced charcoal directly (Roth, 2013, pp. 27-28). The 

construction is similar to the TLUD but has the opportunity to open the primary air intake so 

that the char gasification can begin and transform the charcoal to ashes. The primary airflow 

can be regulated with a fan or an openable door in the bottom of the container. When the char 

gasification occurs, temperatures can reach over 1000 °C which can be seen when the charcoal 

gets an orange glow. There is a risk that temperatures this high can damage the cookstove, 

which makes the choice of material important.  

Another configuration which allows the user to easily use the produced charcoal is TChar, 

shown in figure 2. The design is like a TLUD but the stove can be divided into two parts once 

the biomass has been converted to charcoal. The upper part of the container can be lifted off to 

increase the primary airflow and makes it possible to use the charcoal directly for cooking by 

placing a pot on the concentrator disk on the lower part of the cookstove (Roth, 2013, p. 28). 

 

 

 

 

 

 



 

 7 

 

 

Figure 2: A simple model of a TChar made in SOLIDWORKS  

 

2.1.4 APPLICABILITY 

Apart from the possibility of using the gas to create heat for cooking, the created charcoal can 

be used for several purposes. For example, the charcoal produced while cooking can be used 

again as a fuel for cooking a second time. This could be done either directly in the same 

cookstove if it is a TChar or a BBUD or by another method like three-stone-fire (Roth, 2013, 

p. 7).  

Another applicability is to turn the charcoal into biochar, which occurs when the charcoal is 

added to the soil (Roth, 2013, pp. 151-152). The advantage of using biochar in the soil for 

cultivation is that it can absorb nutrients, water and air which leads to an improved growth of 

vegetables and fruits.  By using biochar in the soil, carbon dioxide is stored in the ground for 

decades or centuries and thereby reduces the amount of carbon dioxide in the atmosphere. 

The process is called Biochar Carbon Capture and can lead to a reduced greenhouse effect. 

Other applications for the produced charcoal are that it can be transformed to charcoal 

briquettes and sold as a part of a business (Roth, 2013, p. 7).  

2.2 PRODUCING CHARCOAL FROM BIOMASS 

Another way to utilize bioenergy is by producing charcoal from various biomass, and later use 

the charcoal as a fuel for cooking. The process of producing charcoal is similar to the biomass 

combustion, described in the previous subchapter. The main difference is that the heat created 

in the process is not normally utilized because the focus only lays on producing charcoal 

(Demirbas et al., 2016). There are several methods of making charcoal, both in small-scale and 
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large-scale. For a small-scale charcoal production there is a direct and indirect method that 

could be used and the process usually occurs in a metal container or a pit, working as a kiln 

(Ukrainian Biofuels Suppliers, 2015).  

The direct method produces charcoal by incomplete combustion of the biomass, where the 

combustion is controlled by regulating the amount of oxygen that is allowed in. Just before the 

charcoal starts to burn, the oxygen flow is stopped to prevent the charcoal from burning to ash. 

Unlike the direct method where there is combustion of the biomass, the indirect method uses 

external heat to produce the charcoal. In the indirect method, the oxygen supply is not as 

regulated and since there is no combustion of the biomass there is no risk for the produced 

charcoal to burn (Ukrainian Biofuels Suppliers, 2015). 

2.3 ANAEROBIC DIGESTERS 

This subchapter will describe the concept of anaerobic digesters, including the conversion 

process, small-scale constructions and applicability.  

2.3.1 CONVERSION PROCESS 

Anaerobic digestion is a process of fermentation that occurs when the biomass is broken down 

by microorganisms in the absence of oxygen. During the process the biomass is digested into 

biogas, which mainly consists of methane and carbon dioxide. Apart from biogas, nitrogen and 

water are also created in the process (Flygar & Löfstedt Eriksson, 2018, p. 12). The material 

used in the anaerobic digestion process is usually wet biomass, however, dry biomass can be 

used with addition of water (Chynoweth et al., 1999, p. 4). Types of biomass that can be used 

are feedstock from plants and animals or organic waste from households and industries, like 

kitchen waste or manure (World Bioenergy Association, 2018). The biomass is placed in a 

container and the fermentation begins when the bacteria digest the biological material. For an 

effective process the feedstock has to be roughly shredded before being put in the container 

(Chynoweth et al., 1999, p. 4).  

The microorganisms thrive in specific conditions, and there are therefore important factors such 

as temperature, pH-value, amount of oxygen and UV radiation that has to be considered for the 

fermentation to occur (Flygar & Löfstedt Eriksson, 2018, p. 13). The temperature influences 

the rate of the fermentation and the time for the process decreases with higher temperatures. 

Theoretically, the process is possible between 3 to 70 °C and different bacteria thrives in 

different temperature intervals. There are three different types of digestion: psychrophilic 

digestion (10-20 °C), mesophilic digestion (20-35 °C) and thermophilic digestion (50-60 °C). 

Usually, either the mesophilic digestion or the thermophilic digestion is used because they 

produce more biogas in a shorter time period. Psychrophilic digestion is rarely used since the 

biogas production is to slow to be economically profitable. Regarding the pH-value, a value 

close to neutral pH is the most optimal. If the digestion process does not seem to function 

properly, there can be an inappropriate pH-value in the container (Spuhler, 2018). 
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The anaerobic digestion is a process that can be described by a chemical reaction where 

methane and carbon dioxide is digested from organic molecules in the biological material 

(Flygar & Löfstedt Eriksson, 2018, p. 13). For the chemical process to happen, the process is 

divided into four stages: hydrolysis, acidogenesis, acetogenesis and methanogenesis. In the 

hydrolysis, large molecules such as cellulose and proteins in the biomass breaks down into 

smaller molecules (monomers), like glucose and amino acids. In the acidogenesis and 

acetogenesis, the monomers rebuild into new structures such as hydrogen gas and water as well 

as volatile fatty acids and acetate. In the final step, methanogenesis, methane and carbon 

dioxide are created from hydrogen gas and water in reaction with acetate.  

2.3.2 SMALL-SCALE CONSTRUCTIONS  

Anaerobic digesters can be configured and constructed in several ways. When designing a 

digester with the intention of producing biogas or fertilizer, there are important factors to be 

considered to reach the purpose of the digester. The design depends on the type of biomass that 

are obtainable and in which rate it is available, as well as the local environmental conditions 

such as the surrounding temperature (Hilkiah Igoni et al., 2008).  

For producing biogas for communities in rural areas, it is suitable to use a small-scale digester 

since it does not require electrical energy and can be constructed and repaired with local 

resources (Eawag, 2018). Based on this, only small-scale constructions will be taken into 

consideration in this project. To build a small-scale anaerobic digester the main parts of the 

construction are an airtight container or reactor which has an inlet for the biomass, a vessel for 

the produced biogas and an expansion chamber for the produced digestate (the by-product from 

the biomass when the biogas is produced). Generally, there are three common models for a 

small-scale digester: the rubber-balloon type, the floating-drum type and the fixed-dome type.  

● The rubber-balloon type is constructed with an elastic or flexible container with an inlet 

and an outlet fixed into it. The construction does not have any expansion chamber, so 

the digestate is collected in the container. This type is one of the simplest small-scale 

digesters and is both cheap and easy to clean and empty after use (Eawag, 2018).  

● The floating-drum type is a digester that has a moving gas holder that floats on the 

biomass in the container. The gas holder both contains the gas and pressures it with its 

own weight (Flygar & Löfstedt Eriksson, 2018, p. 14). 

● The fixed-dome type consists of a fixed container and a fixed gasholder that is located 

on top of the digester. Since the whole digester is fixed with no moving parts, it needs 

an external part that pressurizes the gas (Flygar & Löfstedt Eriksson, 2018, p. 14).  

The advantages with using these small-scale constructions are that they do not need any large 

land area to be built and can even be placed underground. Furthermore, the costs of building 

and maintaining the digester are relatively low since the construction is simple and can be built 

with available local resources (Eawag, 2018). In addition, renewable energy is generated at the 

same time as the organic waste in the community is taken care of. However, there may be 

difficulties in building an effective anaerobic digester because it requires specific knowledge 
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of the process. For example, before starting the digestion there have to be enough anaerobic 

bacteria in the container because otherwise the process will go too slow. Moreover, a 

functioning digester also requires specific environmental conditions. For example, biogas 

production is limited in temperatures below 15 °C. 

2.3.3 APPLICABILITY 

In the anaerobic digestion process biogas and digestate is produced, which can be applied in 

different ways. The biogas can be converted into various energy forms such as heat, light and 

electricity. For example, the biogas can be directly used for cooking by using the heat that is 

created when the produced biogas is set on fire (Eawag, 2018). To obtain electricity from the 

biogas, the gas needs to first transform into mechanical energy in a combustion system by a 

heat engine. Then a generator is activated by the mechanical energy which produces electricity 

that could be used in the household (Sacher et al., 2019). The produced digestate conserves the 

nutrients in the organic waste and can therefore be used as a fertilizer for soil improvement 

(Eawag, 2018).  

2.4 SUSTAINABLE BIOENERGY 

By switching from traditional to modern bioenergy production, the society can be benefited in 

several ways (The Global Bioenergy Partnership, 2011, p. 1). In developing countries, it can 

for example contribute to economic development and secure energy access in rural areas, as 

well as mitigate climate change. Modern production of bioenergy can for example decrease the 

dependence on fossil fuels, reduce deforestation and reduce the time women and children spend 

on collecting fuels.  However, the use of bioenergy can have negative impacts on the 

environment such as loss of biodiversity, destroyed ecosystems and lead to inadequate food 

and water supply. As the use of bioenergy is growing, the risk of these negative impacts on the 

environment increases which makes it important to investigate if the production of bioenergy 

is sustainable. 

 

The Global Bioenergy Partnership (GBEP) is a forum where national governments and 

international organizations in developing and developed countries cooperates to find effective 

policy frameworks (The Global Bioenergy Partnership, 2011, pp. 9-10). The partnership works 

towards increasing the impact that the production of bioenergy has on sustainable development 

in consideration of environmental, social and economic factors. The main objectives of GBEP 

are to support national and global discussions related to bioenergy policy, to promote an 

exchange of knowledge though collaborations between the different parts, and to foster a more 

efficient and sustainable use of biomass.  

In order to fulfill the main objectives and to make a valuable contribution to sustainable 

development, the partnership has set up a number of sustainability indicators that the 

development of modern bioenergy should be based on (The Global Bioenergy Partnership, 

2011, p. 12). The 24 indicators integrate environmental, social and economic aspects and can 

be used by countries and communities when working towards a sustainable production of 
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bioenergy. The sustainability indicators are presented in table 1 below (The Global Bioenergy 

Partnership, 2011, p. 3).  

Table 1: Compilation of the 24 sustainability indicators for bioenergy 

Environmental Social Economic 

1. Life-cycle GHG 

emissions 

9. Allocation and tenure of 

land for new bioenergy 

production 

17. Productivity 

2. Soil quality 10. Price and supply of a 

national food basked 

18. Net energy balance 

3. Harvest levels of wood 

resources 

11. Change in income 19. Gross value added 

4. Emissions of non-GHG 

air pollutants, including air 

toxics 

12. Jobs in the bioenergy 

sector 

20. Change in consumption 

of fossil fuels and traditional 

use of biomass 

5. Water use and efficiency 13. Change in unpaid time 

spent by women and 

children collecting biomass 

21. Training and re-

qualification of the work 

force 

6. Water quality 14. Bioenergy used to 

expand access to modern 

energy services 

22. Energy diversity 

7. Biological diversity in the 

landscape 

15. Change in mortality and 

burden of disease 

attributable to indoor smoke 

23. Infrastructure and 

logistics for distribution of 

bioenergy 

8. Land use and land-use 

change related to bioenergy 

feedstock production 

16. Incidence of 

occupational injury, illness 

and fatalities 

24. Capacity and flexibility 

of use of bioenergy 

3 METHODOLOGY 

The following chapter will present the methods that were used to implement the project. This 

includes a literature study to gather relevant information for the project and a field study in 

Linga Linga, Mozambique.  

3.1 LITERATURE STUDY 

A literature study was conducted to find background information and possible conversion 

techniques that could be used to utilize and produce energy from biomass. Information and 

data were mainly obtained from scientific articles and reports found via search engines like 
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Primo (KTHB), Google and Google Scholar. In order to find suitable articles and reports, 

keywords like renewable energy, bioenergy in Africa, biomass combustion, small-scale 

charcoal production and anaerobic digestion were used. Much of the information about 

gasifier cookstoves in the subchapter 2.1 was provided from the report “Micro-gasification: 

cooking with gas from dry biomass” written by Christa Roth (2013). 

Furthermore, the conversion techniques investigated were those considered feasible for the 

people in the village Linga Linga, based on technical and economic conditions as well as 

material and resource consumption. 

3.2 FIELD STUDY  

The following subchapter will present the methods that were used in the field study, which 

consists of interviews, observations, construction and evaluation of a prototype. 

3.2.1 INTERVIEWS AND OBSERVATIONS 

In order to investigate which of the conversion techniques that is best suited for the households 

in Linga Linga, interviews and observations were conducted in the village. To get relevant 

information about the village, the current energy situation and possible biomass resources, the 

chieftain of Linga Linga was interviewed at the beginning of the field study. The questions 

asked during the interview is shown in appendix 1.  

To get an insight in the household’s energy situation, a total of ten households were visited 

(five in zone A and five in zone B). In all interviews, the questions were asked to the woman 

in the household, which often was the mother in the family. The questions asked is shown in 

appendix 2, and the method of the interviews were structured interviews. This means that the 

questions were predefined before the interview and that the same questions were asked to all 

of the respondents. During the interviews, two interpreters were present because many people 

in Linga Linga speak the native language Gitonga. An interpreter translated between Gitonga 

to Portuguese while the other translated between Portuguese and Swedish.  

At the visits to the households, the following observations were made after the interviews:  

• Construction and material of the houses 

• Location for cooking 

• Cooking technique 

• Size of the pots 

• Type of food cooked 

In addition to the previously mentioned interviews and observations in the households, walks 

in the village gave an insight to what biomass resources there are a surplus of as well as what 

materials that was available to construct one of the conversion techniques. 
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3.2.2 CONSTRUCTION OF PROTOTYPE 

Based on the observations and interviews in Linga Linga a prototype of one of the conversion 

techniques was constructed. In the field study it was concluded that a gasifier cookstove was 

the most suitable to implement. A gasifier cookstove can be built in several ways, and in this 

project a simple model of the technique was built with local resources. The configuration 

chosen for the prototype was a Top-lit up-draft (TLUD) cookstove. From the outcomes in the 

interviews and observations, a few of the design features of the prototype were customized. A 

sketch of the prototype was made, shown in figure 3.  

 

Figure 3: A sketch of a gasifier cookstove made in Paint 3D 

To construct the prototype, the following materials were needed: a large and a small cylindrical 

metal container, a hammer, nails, metal shears, can opener, a measuring tape and a pen. A large 

container was provided by a local resident in Linga Linga. The container was an old paint can 

which would otherwise have been thrown away. The material was metal but the metal variety 

and the heat resistant was unclear. The dimensions of the container were 30 centimeters in 

diameter and 34 centimeters in height which was considered suitable for the prototype. For the 

riser above the large container, a small can with preserved pineapples was purchased from the 

grocery store in Morrumbene. The dimensions of the small can were ten centimeters in 

diameter and 13 centimeters in height. The hammer and nails were bought in a local tool store 

in Morrumbene. The nails chosen were robust and pointed to be able to make holes in the 

container. Two metal shears of different size were brought from Sweden as well as a measuring 

tape and a pen.  

The following steps (1-7) describes how the prototype was constructed.  

1. The perimeter of the large container was measured in order to decide the number of holes in 

the upper and lower section of the container. For the ratio to be one-part primary air to five 

parts secondary air (as described in subchapter 2.1.3), it was concluded that the ratio 25:5 

would be suitable. The dimensions for all the holes were decided to be approximately four 

centimeters in length and two centimeters in width. The positions for the holes were marked 

on the container with a pen.  
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2. A few small holes were made with a hammer and nail on the marked positions for the holes. 

This was done on all the 30 marks on the container.  

3. The metal shears were used to cut the nailed holes into the bigger holes shown in figure 3. 

At this stage all the primary- and secondary air holes were finished.  

4. To make a concentrator disk, a hole was made on the lid of the large container. The diameter 

of the hole was approximately ten centimeters which is a bit smaller than the diameter of the 

small container. The contour of the hole was marked with a pen after which small holes were 

nailed on the contour with a hammer.   

5. The hole in the concentrator disk was cut using a metal shear, this by cutting through the 

small holes that were made in the previous step.  

6. When the concentrator disk was finished, a riser was made from the small container. The 

lid and the bottom of the container were removed with a can opener, resulting in an empty 

cylinder (a riser).  

7. Lastly, the finished prototype was built by putting the riser over the concentrator disk located 

on the lid of the large container.  

3.2.3 TEST AND EVALUATION OF PROTOTYPE  

When the construction of the prototype was finished, it was tested and evaluated through two 

tests (test 1 and test 2). In both tests, quantitative measurements of the prototypes’ functionality 

were performed. To investigate the functionality, measures such as the time to boil half a liter 

of water and the volume of charcoal remaining in the container after a certain time were made. 

The following steps (1-8) describes the procedure for both tests.  

1. Firstly, the biomass used for the combustion process was collected. The biomass used in the 

tests were coconut husks and shells, which were dried in the sun before use. The container was 

filled so that the biomass reached just below the secondary air holes, placed on the upper edge 

of the container.  

2. Since the coconut husks and shells were difficult to ignite, dried palm leaves were ignited 

on top of the biomass for the combustion process to begin. At this point, a timing was started 

in order to measure the total time for the process.  

3. When it was seen that the fire was evenly distributed in the container, the lid was placed on 

the top with the riser above.  

4. A pot containing half a liter of water was placed above the riser. In order to measure the 

boiling time for the water, a second timing was started. During the test, the water in the pot was 

observed occasionally to determine when and if it started to boil.  

5. At this stage, it was checked that the pyrolysis occurred as described in the subchapter 2.1.1 

of the literature study.   
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6. The combustion process and the heat flow were stopped by pouring water into the container. 

The timing for the whole process was stopped and noted.  

7. The lid of the container was taken off to determine the volume of charcoal remaining in the 

container.  

8. At this point the test of the prototype was finished and the produced charcoal was poured 

out of the container to dry in the sun.  

In addition to the quantitative evaluation in test 1 and test 2, a qualitative evaluation was also 

made in test 2. The purpose with the qualitative evaluation was to examine both the quality of 

the produced charcoal and the prototype´s functionality. The evaluation was done together with 

some of the locals in Linga Linga. Three women, Isabel Felipe, Sonia Erculano and Isabella 

Kovela, were present to give their opinion about the usage of the prototype. After step 1-8 were 

finished, they were asked a few questions about the procedure. The women were asked to 

answer if the amount of smoke differed from their usual cooking technique. They were also 

asked to explain what they thought about the usage of the prototype and the idea to produce 

charcoal from coconuts while cooking. Along with the women, there was also a man named 

Branchino Agosto present. Branchino has a lot of experience in large-scale-production of 

charcoal from wood. Branchino observed the process and was later asked about the quality of 

the produced charcoal and his opinion about small-scale charcoal production.  

4 RESULTS 

The following chapter presents the results of the project, which includes information about 

Linga Linga, possible biomass resources and the current bioenergy usage in the village as 

well as a practical application of the prototype.  

4.1 LINGA LINGA 

The village Linga Linga is located in the province of Inhambane in the southeastern 

Mozambique. The nearest town to the village is Morrumbene and the distance is approximately 

35 kilometers (Google maps, 2019). There is a total of 398 households in Linga Linga, where 

1131 people lives. Of these, there are 636 women and 495 men in the village. There is not an 

exact number of the average age of the population, but the village consists of mostly younger 

people and the rate of the population is growing (Sebestiäo, 2019). Through observations in 

the village it appeared that most of the houses in Linga Linga was of simple construction, often 

made by reed straws or palm leaves and wood from coconut trees.  

The people in Linga Linga speaks a domestic language called Gitonga but many people 

understands Portuguese which is the official language of Mozambique. The main occupation 

for the people in the village is fishery and handicraft. A few people work with cultivation or at 

the local hotels. There is a school in Linga Linga where children in 1st to 7th grade have the 

possibility to attend. It is possible for children to continue their schooling to the 12th grade in 
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Morrumbene, but the long distance to the town makes it expensive and hard. This makes it 

nearly impossible for the children in Linga Linga to continue their education beyond the 7 th 

grade (Sebestiäo, 2019).   

The village is located on a peninsula which can be divided into two zones called zone A and 

zone B. Zone A is located on the southern part of the peninsula while zone B extends over the 

northern part. The border between the two zones goes in the middle of the peninsula where the 

chieftain of Linga Linga lives. The chieftain, Sebestiäo, is responsible for the whole village 

and have one chief under him in each zone who helps him in his duties. In the interview with 

the chieftain he talked about the challenges that Linga Linga faces within the next few years. 

The largest challenge according to the chieftain is the lack of access to electricity which makes 

it difficult for the village to develop further. Another challenge that affects the people in the 

village is the difficulty to find food due to inadequate agriculture and overfishing in the ocean 

(Sebestiäo, 2019). 

4.2 BIOMASS IN LINGA LINGA   

Through interviews and observations in Linga Linga, available local resources suited for the 

presented conversion techniques were identified.  

There are a lot of solid biomass in the village, and there are three main resources that there is 

a surplus of and that can be used for producing charcoal or in a gasifier cookstove. The most 

common recourse on the peninsula is coconut trees. All parts of the coconut tree can be used 

as fuel for production of bioenergy. The tree trunk and the branch of the palm leaves can be 

used as fuel after cutting it in smaller pieces, and for the coconuts, both the husk and the shell 

are useful as biomass. Through observations in the village, it was seen that many households 

have a lot dried coconut husks and shells in their household area, which can be seen in figure 

4.  

In an interview with the chieftain Sebestiäo, it was known that another possible resource for 

solid biomass are cashew trees, where both the tree trunks and branches can be used. The 

cashew trees can be found in many places in the village, and many households have them in or 

nearby their household area. Figure 5 shows a cashew tree in the household area at one of the 

visited households. Moreover, in the interview with Sebestiäo, it was also learned that there are 

a lot of mixed forest on the peninsula, as shown in figure 6. From the mixed forest, trunks and 

branches from various trees are possible biomass resources for utilization of bioenergy 

(Sebestiäo, 2019). The questions asked to the chieftain during the interview are shown in 

appendix 1.  
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Figure 6: One of the mixed forests in Linga Linga 

Figure 4: Collected coconut husks and shells in one of the 

households in Linga Linga 

Figure 5: A cashew tree in Linga Linga 
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By visiting the households in Linga Linga it is concluded that there is not enough biomass for 

implementation of anaerobic digesters. It was observed that many households had livestock 

such as goats and pigs but often only one or two. When the respondents were asked about the 

kitchen waste, it was learned that the food waste is of a very small amount and that it was often 

given as food for the livestock. This would give a too small amount of manure and kitchen 

waste for the anaerobic digester to be efficient for production of bioenergy.  

Based on these findings it can be concluded that there is a surplus of solid biomass which makes 

either a gasifier cookstove or production of charcoal possible in the village of Linga Linga. 

Since a gasifier cookstove can produce heat for cooking, and at the same time produce charcoal, 

this conversion technique is considered more suitable for the households in Linga Linga. 

4.3 BIOENERGY USE IN LINGA LINGA 

To investigate if a gasifier cookstove is suitable for the households in Linga Linga, ten 

households in the village were visited. At the visits, interviews and observations related to their 

current cooking situation were carried out. The questions asked during the interviews are shown 

in appendix 2.  

Through the visits in the households, a few general conclusions can be drawn about the cooking 

technique and cultivation in Linga Linga. Regarding the cooking technique used in the 

households, all of the respondents used the three-stone-fire method to heat their food. Some of 

the visited households used a metal stand instead of three stones to put the pot on, as shown in 

figure 7.  

 

Figure 7: The three-stone-fire method with a metal stand in one of the visited households 
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Furthermore, it was observed where the cooking takes place and which utensils are used for 

heating the food. Through observations, it appeared that all of the visited households had 

several smaller houses in their yard, with a particular house for cooking, as shown in figure 8. 

In the cooking house, there was a specific location for three-stones or a metal stand. The house 

was also furnished with utensils and fuel for the cooking process. The utensils used for heating 

up food were mainly pots, which can be seen in figure 9. The size of the pots was approximately 

the same size in diameter in all of the observed households.  

 

Figure 8: A house used for cooking in one of the interviewed households 

 

Figure 9: Pots used in one of the visited households 
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From the interviews in the households, it appeared that the fuels used for cooking often was 

various trunks & branches from trees near the household. Four of the ten respondents also used 

dried coconut husks and shells as fuel for heat, commonly found in or nearby the household 

area. As seen in tables 2 and 3, the time spent on collecting the fuels varies between the 

households. Moreover, questions about the number of people in the household and number of 

times cooking per day were asked. The answers varied significantly between the households, 

where the number of people in the household ranged from one person to seven persons with an 

average of 3.9 persons per household. Most of the interviewed households cook three times per 

day, except from four households that cook one or two times per day. The respondents were 

also asked about how long they commonly use the three-stone-fire to heat up their food. The 

time it takes from setting the biomass on fire until the food is ready to be eaten differs between 

the households, with a time span of at least ten minutes up to three hours. Moreover, the 

respondents were asked about who is responsible for cooking and collecting the fuel. The 

answer in all of the households were that the responsibility lied on the women in the family.  

Furthermore, the respondents were asked about cultivation in the household. The answers were 

that six of the ten households are growing some sort of vegetables or fruits in the household 

area. To summarize the respondents’ answers from the interviews, they are compiled below in 

tables 2 and 3.  

Table 2: Compilation of the interviews in zone A 

Household (zone) 

Name (age) 

1(A) 

Louisa Armando 

(56) 

2(A) 

Felizarda 

Antonio 

Manuela 

(60) 

3(A) 

Anangure 

Emangasi 

(75) 

4(A) 

Isabel Felipe 

(46) 

5(A) 

Sonia Erculano 

(35) 

Cooking 

technique 

Three-stone-fire Three-stone-fire Three-stone-fire Three-stone-fire Three-stone-fire 

Fuel used Various trunks 

and branches 

Various trunks 

and braches 

Coconuts and 

various trunks & 

branches 

Coconuts and 

various trunks & 

branches 

Coconuts and 

various trunks & 

branches 

Responsible for 

collecting fuel 

Herself Herself Herself Herself Herself 

Time spent on 

collecting fuel 

1 h for fuel lasting 

2 days 

2 h for fuel lasting 

3 days 

1 h for fuel lasting 

1 week 

30 min for fuel 

lasting 2 days 

30 min for fuel 

lasting 2 days 

Cooking times 

per day 

3 times 1 times  3 times 2 times 2 times 

Time spent on 

heating food 

Up to 2 h 2 h 30 min 2 h 2 h  

Number of 

people in the 

household 

2 adults  3 adults & 3 

children 

1 adult 2 adults & 1 

children 

4 adults & 3 

children 

Cultivation in 

the household 

Yes Yes No No No 
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Table 3: Compilation of the interviews in zone B 

Household (zone) 

Name (age) 

1(B) 

Delfina Georgia 

(50) 

2(B) 

Delfina Tinga 

(62) 

3(B) 

Gilda Pedro 

(42) 

4(A) 

Yvonne Cailano 

(42)  

5(B) 

Maria Nakele 

(27) 

Cooking 

technique 

Three-stone-fire Three-stone-fire Three-stone-fire Three-stone-fire Three-stone-fire 

Fuel used Coconuts and 

various trunks & 

branches 

Various trunks 

and branches 

Various trunks 

and branches 

Various trunks & 

brances 

Various trunks 

and branches 

Responsible for 

collecting fuel 

Herself The women in the 

household 

Herself Herself Herself 

Time spent on 

collecting fuel 

1.5- 2 h for fuel 

lasting 2-3 days 

45 min for several 

meals 

1 h for fuel lasting 

2 days 

1 h for fuel lasting 

1 week  

1 h for fuel lasting 

3 days 

Cooking times 

per day 

3 times 3 times 3 times 3 times 2 times 

Time spent on 

heating food 

10-20 min 1 h Up to 2 h 1-3 h  1 h  

Number of 

people in the 

household 

2 adults & 4 

children 

3 adults & 2 

children 

1 adult & 1 child 1 adult & 2 

children  

2 adults & 2 

children 

Cultivation in 

the household 

Yes Yes Yes No Yes 

 

When the respondents were asked about the use of charcoal, the general answer was that they 

did not use charcoal as fuel for cooking themselves but knows that it exists. A few of the 

respondents have used coal at some occasions and prefers the usage of charcoal over firewood. 

When they were asked to explain why, a common answer was that they get more energy when 

using charcoal over firewood and that it emits less smoke during use.  
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4.4 PRACTICAL APPLICATION  

Based on the results in the previous subchapters, a prototype of a gasifier cookstove was 

constructed with local resources. The finished prototype is shown in figure 10.  

 

Figure 10: The finished prototype of a gasifier cookstove with a pot placed on top 

To evaluate the suitability of the prototype, two tests were performed. In both the tests, dried 

coconut husks and shells were used as fuel to start the biomass combustion process. In test 1, 

the stove was used for 15 minutes and during this time the water in the pot did not boil but 

became hot. After the combustion process was stopped, the volume of the remaining charcoal 

was about 50 % of the original biomass volume. The produced charcoal from the coconut husks 

and shells is shown below in figure 11. In test 2, the stove was used for 40 minutes and the 

water in the pot started the boil after 25 minutes. After the test time the remaining charcoal in 

the container was approximately 25 % of the original biomass volume. A compilation of the 

results from the tests are shown in table 4. 

Table 4: Compilation of the results from test 1 and test 2 

 Test time Boiled water? (time) Volume of charcoal left in the stove 

Test 1 15 min No 50 % 

Test 2 40 min Yes (25 min) 25 % 
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Figure 11: The produced charcoal in test 1 

In test 2, Isabel Felipe, Sonia Erculano, Isabella Kovela and Branchino Agosto observed the 

usage of the prototype and was later asked to give their opinion of the technique. When the 

women were asked if the amount of smoke differed from their usual cooking technique, all of 

the three women said that the cookstove produced less smoke than the usage of three-stone-

fire. When the women were asked to explain their opinion about the usage of the prototype and 

the idea to produce charcoal while cooking, they thought that the cooking technique was 

different compared to their traditional three-stone-fire method but that the concept was 

interesting and clever. When Branchino was asked to give his opinion about small-scale 

charcoal production he said that the technique was interesting and that the technology could be 

implemented to produce charcoal in a small-scale. When Branchino was asked about the quality 

of the produced charcoal he said that the quality of the charcoal looked good and was impressed 

that it was possible to produce charcoal from coconuts.  

5 DISCUSSION  

The following chapter will present a few different discussion topics, including a gasifier 

cookstove’s suitability and the prototype’s functionality. The project’s limitations and 

relevance will also be discussed, as well as research areas for future projects. 
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5.1 THE GASIFIER COOKSTOVE’S SUITABILITY  

Through the visits in the households in Linga Linga, it was concluded that the fuels used for 

cooking were solid biomass. The solid biomass used were mainly various trunks and branches 

or dried coconut husks and shells which is presented in table 2 and 3 in subchapter 4.3. Since 

the fuel in a gasifier cookstove is solid biomass, the usage of the cookstove would enable the 

households to continue using their usual fuel for cooking. Furthermore, the visits also showed 

that the respondents were positive about the usage of charcoal. The general answer was that 

they thought it was better to cook with charcoal than with firewood because it gives more 

energy and emits less smoke during use. This means that the by-product produced in a gasifier 

cookstove can be of useful value for the households in Linga Linga.  

The charcoal produced in a gasifier cookstove can benefit the households in different ways. As 

presented in the results, six of the ten households are growing some sort of vegetables or fruits 

in the household area. Since it seems that many households are doing cultivation, one possible 

application for the charcoal is to use it as biochar for soil amendment. The usage of biochar 

will contribute to a more efficient cultivation which in turn can benefit the households in 

several ways. For example, it will lead to more harvest that can be used in the household, and 

where eventual surplus can be sold as part of a business. 

Furthermore, since many households have a positive attitude towards the usage of charcoal, the 

charcoal produced in a gasifier cookstove can be used again as a fuel for cooking. The charcoal 

can be used directly in the three-stone-fire which was the cooking method used in all of the 

observed households. By using the charcoal for cooking, the time spent on collecting fuel can 

be reduced. In the field study, the time spent on collecting fuels was investigated in order to 

find if this was a time-consuming practice. It appeared that the time spent on collecting the fuel 

for the three-stone-fire varied between the households. From the interviews it was learned that 

the time could vary from 30 minutes for fuel lasting two days to one hour for fuel lasting one 

week. The variation in time can be due to a number of factors, such as the number of people in 

the household, number of times cooking per day, time spent on heating food and the distance 

women have to go to collect the fuel. Regardless of these factors, it can be concluded that using 

the charcoal from a gasifier cookstove can reduce the time spent on collecting fuel for the 

households. By reducing time spent on collecting fuel for the three-stone-fire, women can have 

more time for other activities such as entrepreneurship and cultivation. Moreover, the 

households can start a business by selling their produced charcoal to other locals which can 

benefit the households by giving them an occupation from which they can get an income from.  

To investigate a gasifier cookstove’s suitability for the households in Linga Linga, their way 

of cooking was observed. This includes the cooking technique and the pots used to heat up the 

food. As presented in the results, the pots in the observed households were approximately the 

same size in diameter. Since the design and configuration of a gasifier cookstove can be 

customized in several ways, it can be built so it suits the households in Linga Linga. However, 

cultural differences such as cooking practices can make it difficult to implement a gasifier 

cookstove in the households in the village. The three-stone-fire is a method that has always 

been used in the village which makes it a part of their cooking culture. Even aspects related to 
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the method, as collecting the fuel and preparing the fire is a part of their daily routines. By 

using a gasifier cookstove, the amount of fuel can be reduced and thereby influence their daily 

routines such as collecting fuel for the three-stone-fire. The procedure of preparing the fire will 

be different since the combustion process in a gasifier cookstove is in a closed environment. 

When the biomass is set on fire, the user needs to check that the combustion is evenly spread 

before they can begin to cook. For it to be possible to implement gasifier cookstoves in Linga 

Linga, it is necessary that the design and function is adapted to their current cooking method 

to minimize the differences between the methods. In addition, it is important that the 

households feel an advantage in using a gasifier cookstove over their current cooking method 

and that they have knowledge about how the usage of the produced charcoal can benefit them.  

5.2 THE PROTOTYPE’S FUNCTIONALITY 

As presented in the results (subchapter 4.4), the prototype managed to produce charcoal in both 

of the tests. In test 1, the combustion process lasted for 15 minutes which resulted in 50 % of 

the biomass being turned into charcoal. The amount of charcoal in test 1 was significantly more 

than the charcoal produced in test 2, were 25 % of the biomass was turned into charcoal. 

However, the test time for test 2 was considerably longer which made it possible for the water 

to boil unlike in test 1. Since the combustion process only lasted for 15 minutes in test 1, the 

time was not enough to heat the water to boiling point. It is likely that the water would start to 

boil if the test time was longer than 25 minutes, which was the time it took for the water to boil 

in test 2. However, a longer combustion time indicates that the volume of the produced charcoal 

decreases. This indicates that the most optimal duration time for the combustion process 

depends on what the main purpose is of using the prototype. If the intention is to produce 

charcoal, the combustion process should last for a shorter time period compared to if the 

intention is to cook food.  

It is questionable if the prototype can produce enough heat to cook food since it took 25 minutes 

to boil half a liter of water in test 2. Test 2 showed that it is possible to heat up water, but it is 

unclear if the prototype can be used to heat up food in a reasonable time period. To produce 

more heat, a number of modifications could be done on the prototype in order to improve the 

heat flow through the concentrator disk. For example, the prototype could have been 

constructed with a double wall to minimize heat losses. According to the report “Micro-

gasification: cooking with gas from dry biomass” written by Christa Roth (2013, p. 22) a 

double wall would pre-heat the secondary air which results in an increased temperature and 

enhanced pyrolysis, leading to a minimized heat loss from the cookstove. To create a double 

wall in the prototype, another container in a different size could be added to the construction. 

Furthermore, to minimize the heat loss from the walls of the prototype a container with a lower 

heat conduction could be used. This would result in more heat flowing through the concentrator 

disk, instead of escaping through the walls.  

A third modification could be to improve the riser used for the prototype. For example, a riser 

with a lower heat conduction could be used in order to minimize heat loss as described above. 

Another modification is to adapt the diameter of the riser after the diameter of the pot being 
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used. If a riser with a larger diameter had been used in the prototype, it is likely that more heat 

would have reached the bottom of the pot. Moreover, a shorter riser for the prototype would 

prevent heat loss from the walls and result in more heat reaching the pot. It would also be 

interesting to test the prototype without a riser to see if that would result in more heat to the 

pot and a shorter boiling time.  

The charcoal produced from the prototype was considered to be of good quality according to 

Branchino who participated during test 2. Since it is unclear if the prototype can produce 

enough heat for cooking, but can produce charcoal, it could work as a compliment to the 

households current cooking technique or for small-scale charcoal production. However, if the 

technique is mainly used for small-scale charcoal production, it is important to keep in mind 

that it is an ineffective process since the heat created during the combustion process goes to 

waste. Only producing charcoal without utilizing the created heat would result in a decreased 

energy inefficiency which in turn leads to an ineffective usage of resources.  

5.3 LIMITATIONS IN THE PROJECT 

Through the project, there have been a number of limitations that have affected the outcome of 

the study. One limitation that affected the collection of data about bioenergy use was the 

number of interviews that could be carried out. This has a great impact on how credible the 

result becomes from the study. Since many responses in the interviews were similar, ten 

interviews can be seen as sufficient. However, the result would be more credible if more 

interviews had been carried out. Another factor that could be a source of error during the 

interviews is miscommunication between the participants due to the need of two translators. 

An example of miscommunication that could have occurred is that the exact question asked 

could not reach the respondent, and vice versa.  

Another limitation in the project is the access to local materials for construction of the 

prototype. Since the project was conducted in Linga Linga, the design and materials for the 

prototype was adapted to what was available nearby the village. Moreover, knowledge about 

the composition of materials in the containers used for the prototype was limited. It is important 

to have understanding of the materials used since different materials have different thermal 

conductivities and melting temperatures. The thermal conductivity has an impact on the 

efficiency of the prototype since it affects the heat loss from the walls of the containers. 

Knowledge about the melting temperature of the metal is important because it influences the 

durability of the prototype.  

Another factor that has limited the project is the amount of time that could be spent on the 

literature study and the field study. If it was possible to spend more time on the literature study, 

more conversion techniques suited for the households in Linga Linga could be found and 

studied. In the field study, more prototypes of a gasifier cookstove could have been built and 

compared after testing and evaluation. Modifications of the existing prototype could have been 

made, as presented in subchapter 5.2. Additionally, more conversion techniques could have 

been built in order to compare the suitability between the different techniques.  
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5.4 RELEVANCE FOR THE SUSTAINABLE DEVELOPMENT GOALS 

The conducted study can be of great relevance in sustainable development and can be related 

to the Sustainable Development Goals defined by United Nations (UN) (United Nations, 

2018a). The Sustainable Development Goals are 17 goals, targeting global issues and are set 

to be achieved by 2030. By investigating how to use resources more efficiently and the 

possibility of producing and utilizing bioenergy from available local resources in Linga Linga, 

the conducted project can contribute to the work towards several Sustainable Development 

Goals. The project can be related to many of the goals indirectly, but mostly directly to the 

goals: No Poverty (#1), Affordable and Clean Energy (#7), Life On Land (#15), Partnerships 

for the goals (#17). 

The study can be related to the goal No Poverty by finding conversion techniques that can lead 

to a more efficient use of resources (United Nations, 2018b). Building a prototype of a gasifier 

cookstove gives the households in Linga Linga an insight in how the technique works and the 

opportunity to implement it themselves. By using the charcoal produced in the cookstove as 

fuel for cooking, the time spent on collecting fuels can be reduced. This can allow people to 

have more time over for other activities such as education, work and entrepreneurship. 

Furthermore, households can earn an income by selling the charcoal, as mentioned in 

subchapter 5.1. Finding other conversion techniques for producing and utilizing bioenergy can 

also help the work towards accomplishing the goal Affordable and Clean Energy (United 

Nations, 2018c). Since cooking with firewood in an uncontrolled environment such as the 

three-stone-fire is an air-polluting method which can lead to health issues, finding alternative 

and cleaner methods can reduce this problem. Building the prototype of a gasifier cookstove 

with local and affordable materials also contributes to the work towards the goal.  

Furthermore, the study about alternative biomass other than firewood for producing bioenergy 

in the village, can have an influence on the goal Life On Land (United Nations, 2018d). By 

replacing the use of firewood with a resource that there is a surplus of, such as coconut husks 

and shells, the deforestation problem in Mozambique can be reduced. By taking advantage of 

all the parts of the tree, and not only the stem and branches, fewer tress will be cut down. 

Deforestation has an impact on the ecosystems and leads to a loss of biodiversity and using 

alternative biomass can prevent these effects for the life on land.  

 

An important part of reaching the Sustainable Development Goals is to build relations between 

organizations and authorities in different countries (United Nations, 2018e). The project 

contributes to the goal Partnerships for the Goals by building relations between Sweden and 

Mozambique through cooperation between the Royal Institute of Technology, Project Vita and 

the Swedish International Development Cooperation Agency (Sida). By doing the project in 

cooperation with the organization Project Vita, makes it possible for the organization to 

continue their work for further development in Linga Linga. Since Project Vita aims to find 

solutions with local resources, the results from this project can allow them to continue the work 

in this field.  
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5.5 RELEVANCE FOR SUSTAINABLE BIOENERGY 

In order to investigate the study’s relevance for sustainable bioenergy, it can be connected to 

some of the GBEP’s sustainability indicators presented in subchapter 2.4 in the literature study. 

The sustainability indicators make it possible to analyze how this project can contribute to a 

sustainable production of bioenergy for the households in Linga Linga.  

To measure how sustainable the use of a specific biomass resource is from an environmental 

perspective, the indicator Biological diversity in the landscape (#7) can be used. Using 

resources that results in a change in land area can have a negative impact on ecosystems which 

in turn leads to loss of biodiversity. Cutting down branches and trees for fuel can accelerate the 

deforestation and thereby changes the biodiversity in the landscape. In order to prevent this 

change, it is important to find alternative biomass resources that does not lead to a change in 

land area and that is renewed faster. An example of an alternative biomass is palm leaves and 

coconut husks and shells fallen on the ground. Another way to decrease the change in land 

area, is to implement techniques that makes it possible to use biomass resources more 

efficiently. For example, using a gasifier cookstove instead of a three-stone-fire leads to a more 

efficient use of resources since it produces charcoal as a by-product. In order to measure 

different techniques impact on biodiversity in the landscape, the total area of biomass used for 

bioenergy production can be calculated.    

An important factor to consider when investigating how sustainable the use of bioenergy is 

from a social perspective, is to measure the time women and children spend on collecting fuel. 

The indicator Change in unpaid time spent by women and children collecting biomass (#13) 

measures the change in average unpaid time that women and children spend on collecting fuel 

when switching from traditional to modern use of biomass. If the time spent on collecting fuel 

is reduced, women and children can benefit in several ways. Besides allowing the women and 

children to have more time over for other activities like education, work and entrepreneurship, 

it can also prevent other issues related to collecting of fuels such as violence from walking in 

unsafe areas and injuries from carrying the fuel. It is likely that the switch from a three-stone-

fire to a gasifier cookstove would reduce the amount of fuel needed for the cooking process 

which in turn reduces the time spent on collecting fuel. The benefits mentioned above can also 

lead to economic development for the communities and households that implement a more 

modern technique for bioenergy production. As mentioned earlier in chapter 5, people can get 

economic benefits from selling the charcoal or the harvest gained from using biochar.  

5.6 WORK FOR FUTURE PROJECTS 

In order to continue developing this project, there are several research areas that can be 

explored further. An extension that can be made of the project is to investigate the locals’ 

willingness to use a gasifier cookstove in their household. It would be interesting to see what 

they think about using the technique instead of their current cooking method. This can be 

carried out by letting the households in Linga Linga test a gasifier cookstove and later evaluate 

if it is suitable for them.  
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For future projects, further evaluations of the prototype can be made by comparing it with the 

three-stone-fire method in order to analyze the efficiency of the prototype. Examples of 

evaluations that can be done on the methods are to measure fuel and energy consumption, 

cooking time and the amount of smoke produced during use. Furthermore, it would be 

interesting to build a prototype with some of the modifications mentioned in subchapter 5.2.  

The study can also be extended by evaluate the quality of the charcoal produced in the 

prototype. Additionally, it would be valuable to compare charcoal from coconut husks and 

shells with charcoal from wood in order to see if it is useful. The produced charcoal can also 

be tested as biochar in cultivation to see how it enhances the harvest in Linga Linga.   

It can be of great value to further investigate these research areas in future projects in order to 

continue the work for a more sustainable use of bioenergy in Linga Linga. 

6 CONCLUSION  

The study proved that it is possible to produce and utilize bioenergy from another method than 

the three-stone-fire in the village Linga Linga. Furthermore, it was shown that there is a surplus 

of other biomass than firewood, such as coconut husks and shells which can be used for 

production of bioenergy in the village. Based on the findings in the field study it was concluded 

that a gasifier cookstove is a suitable conversion technique to implement. By building a 

prototype of local materials, it was concluded that a gasifier cookstove can be valuable for the 

households in Linga Linga, but that it can be hard to implement since the concept differs from 

their current cooking practices.  
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8 APPENDIX  

APPENDIX 1 

Questions asked during the interview with the chieftain, Sebestiäo of Linga Linga. The 

questions were asked in Swedish, but are presented in English below. 

• How many households live in Linga Linga? 

• How big is the population in Linga Linga?  

• How many are men and how many are women? 

• What is the average age of the population? 

• What is the rate of population? 

• How is the village governed? 

• Which languages are spoken in Linga Linga? 

• What are the main occupation for the people in Linga Linga?  

• Does anyone in the village have access to electricity?  

• What plants, trees and fruits is there a surplus of?  

• Is it common for households to have livestock? If so, which animals and how many? 

• Is it common for households to do cultivation? 

APPENDIX 2 

Questions asked during the interviews with the households in Linga Linga. The questions were 

asked in Swedish, but are presented in English below. 

• How do you heat your food? 

• Which fuel do you use? 

• How do you get the fuel? 

• Who in the household is responsible to collect the fuel? 

• How much time is spent to collect the fuel and how long does it last? 

• How many times per day do you cook food? 

• How much time is spent each time to heat the food? (from starting the fire to when the 

food is ready) 

• How many people live in the household? 

• Are you doing any cultivation here in the household? 

• Do you have any livestock here? If so, which kind of animals? 

• What kind of food waste do you have here? 

• What are you doing with the food waste? 

• Have you ever cooked with charcoal? If so, what is your opinion about it? Do you prefer 

charcoal or firewood? Explain why.  
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