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Abstract 
 
A high population growth in the Kigoma region of Tanzania has led to deforestation. 

The JGI started TACARE in 1994 in order to combat deforestation by protecting the 

standing forest and the planting of new trees. During the years the project has 

changed and they are currently working with the philosophy that you have to change 

the livelihoods of villagers before you can stimulate them to protect the forest. This 

approach has been very successful, but still deforestation is a major issue in the 

region. Therefore, the JGI wished to gather more information on the fuel wood 

consumption in the 24 TACARE villages. In order to achieve this the following 

research question was formulated: What is the fuel wood usage by households in the 

working area of the TACARE programme and which solutions can be implemented in 

the region to make the consumption more sustainable? Several methods were used 

to find the answer to this question, but the principal method was the wood fuel 

survey. This survey consisted of 400 household interviews and participant 

observation to check on the answers given in the interviews. Due to the time 

constraint, this survey was only conducted in eight villages. The questions on the 

interview sheet ranged from questions regarding household composition to fuel wood 

and charcoal consumption, collection and difficulties with these fuels. 

 

On average the fuel wood consumption per household per year was 3289kg. 

However, this amount could be decreased by a more efficient use of the fuel; for 

instance a fuel efficient TACARE stove could lower this number to 2467kg per 

household per year.  

Sustainable solutions are available and could range from different stove types, 

alternative fuels (waste materials, kerosene and Bio gas) to alternative energy 

production methods (hydropower and geothermal power). For most of these solutions 

it is still unsure whether they could play a big role in the reduction of fuel wood 

consumption in the Kigoma region. So further research is needed beforehand to see 

whether these solutions are possible. 
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1. Introduction and background 

In this chapter I will introduce the research, the programme within which the research is done and I 

will give some general background information on Tanzania and its forestry efforts.  

 

1.1.  Background to TACARE programme 

Periodic influxes of refugees from Burundi and Congo and a high human birth rate have led to a 

4.8% annual growth rate in the Kigoma region over the period of 1988 till 2002 and a population 

density of 45 people per km2 (Tanzania National Bureau of Statistics, 2002). This caused 

deforestation due to several reasons, including charcoal burning, clearing of land for agricultural 

purposes and soil erosion and degradation (Murray, 1992; Biran et al. 2004; Collins and Goodall, 

2008). Depletion of wood resources is a commonly found problem throughout eastern African 

countries, since people here rely heavily on fuel wood as their source of energy (Schulte-Bisping et 

al., 1999; Holmes, 2003b; Holmes, 2005).  Therefore the Jane Goodall Institute (JGI) initiated the 

Lake Tanganyika Catchment Reforestation and Education (TACARE) project in the Kigoma region 

of Tanzania in 1994. The program aimed to address poverty and support sustainable livelihoods in 

villages around Lake Tanganyika while combating the degradation of natural resources, especially 

in the remaining indigenous forest. The program focuses on community development and offers 

training and education in sustainable natural resource management. Despite the efforts of the 

TACARE staff deforestation continued in the period from 1991 till 2003 (Pusey et al., 2007). The 

poverty related issues had to be addressed, so in 1998 TACARE started to combat the interrelated 

problems of poverty, health and sustainable land use in order to protect the biodiversity of the 

Kigoma region. In 2002 this was extended to an area of 200 km2 and is now known as the Greater 

Gombe Ecosystem (GGE). In 2006 land use plans were drawn up for the 24 villages of the 

TACARE programme which help to enhance the management of the natural resources and forests 

in the area. The forestry service of TACARE has local village nursery attendants who grow 

seedlings for reforestation (see Annexure 1 for a list of species introduced and their functions), but 

more important are the Forest Monitors. The Forest monitors control burning, tree felling and 

hunting in the village forest reserves and other remaining forests and woodlands. Finally the 

TACARE staff trains the villagers in sustainable harvesting of forest (related) products, such as 

medicinal plants and sustainable bee keeping. 
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Since this adaptation of work the TACARE program has been replicated in two other chimpanzee 

habitats. One being the Masito-Ugalla Ecosystem 60km south of Kigoma which covers 6000 km2 

and the other is in the eastern part of the Democratic Republic of Congo. The TACARE program 

has been given the stature of success. But there are still some problems which affect the program, 

mainly being the impact of floating populations (illegal immigrants, refugees etc.) on the resources 

in the area and the fact that some locals can still fear that the conservation efforts will deprive them 

of their livelihoods and land. TACARE tries to protect and when possible improve the sustainable 

livelihoods of the people in the communities, but this has to be done very carefully pre-empt 

misunderstanding (Strunden et 

al. 2002; Collins and Goodall, 

2008). 

Lately the JGI has expressed 

some concerns about the 

growing human populations in 

the Kigoma region. They must 

rely more and more on forest 

resources to survive causing 

problem, including drying up of 

watersheds, soil degradation and 

erosion that can lead to 

dangerous, even fatal, landslides 

during rains. Fuel wood for 

cooking also becomes scarce, 

forcing women to walk miles 

daily to reach ever-diminishing 

woodlands. Therefore together 

with other stakeholders a long-

term conservation plan has been 

drawn up (Jane Goodall Institute a, 2009).  But the concerns regarding fuel wood were just based 

upon general observations and conversations, therefore they requested scientific proof. This 

Figure 1: Location of the TACARE project (Pintea et al. 2002). 
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research will try to provide the JGI with solid information regarding the fuel wood use of 

communities and the effects it has on the surroundings. 

 

1.2.  Country profile Tanzania 

To capture the complex issues relating to fuel wood consumption of Tanzania this report begins 

with a general overview of Tanzania. The research focuses on the Kigoma region in the Western 

part of Tanzania where the TACARE programme is located (See figure one). Tanzania is an East 

African country surrounded by Kenya, Uganda, Rwanda, Burundi, Zambia, Malawi and 

Mozambique. Formerly it was divided in two parts, Zanzibar and Tanganyika until in 1964 after a 

revolution in Zanzibar they merged into Tanzania. Both of these countries were protectorates of the 

British Empire. The fact that they were not a colony of Great Britain has led to problems in a later 

stage, since the development by the Brits was kept to a minimum. Since 1961 the country was led 

by Mwalimu (Teacher) Julius Nyerere. He chose for a socialist regime and had strong bonds with 

the communist countries. The creation of the Ujamaa (Swahili for extended family) villages was a 

component of these socialist policies: Some 11 million people were transferred in these villages, to 

some extent also forcefully. It had a positive effect on school attendance and the distribution of 

health services, although this was mainly financed by donor countries and private aid agencies. On 

the other hand it had a big influence on food production which dropped drastically and caused a 

deficit of 1 million tons of food products between 1974 and 1977. The nationalised banking sector 

and the export of agricultural commodities suffered greatly from mismanagement and increased the 

economic crisis (Meredith, 2006).  

In the 1980s, after Nyerere`s voluntary withdrawal, Tanzania made a turn to a more liberal 

economic policy accepting the open market economy and the privatisation of enterprises as a 

condition to obtain loans from World Bank and IMF. In 1992 the multiparty democracy was adopted 

in a period with bad economic perspectives, where the prices for agricultural commodities dropped 

further (Meredith, 2006). 

Kigoma is one of Tanzania's 26 administrative regions. The regional capital is Kigoma. It is 

bordered to the North by the Kagera Region, to the East by the Shinyanga and Tabora Regions, to 

the South by the Rukwa Region, to the West by Lake Tanganyika which forms a border with the 

Democratic Republic of the Congo and to the Northwest by Burundi. According to the 2002 

Tanzania National Census, the population of the Kigoma Region was 1,679,109 (Tanzania National 

http://en.wikipedia.org/wiki/Shinyanga_Region
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Bureau of Statistics, 2002). In the Kigoma region the main ethnic and linguistic group are the Ha. 

The Ha are Bantu-speaking (Kiha and Kiswahili) and are belonging to the Interlacustrine Bantu 

ethnolinguistic family who live in western Tanzania bordering on Lake Tanganyika. Their country, 

which they call Buha, comprises grasslands and open woodlands. Agriculture is their primary 

economic activity. Sorghum, millet, corn (maize), cassava, yams, peanuts (groundnuts), and other 

crops were cultivated by hoe techniques until efforts were made by the Tanzanian government to 

introduce plow agriculture. Cattle are raised mostly in the southwestern grasslands of Buha; 

elsewhere there is less water and problems with tsetse flies. For the Ha, as with a number of 

peoples of East Africa, cattle are vital as the gifts that help establish social ties at marriage or on 

other occasions. Goats and other livestock are also raised (Britannica, 2010). 

 

In Tanzania different land types can be found ranging from dry savannah to tropical rainforests. In 

the Kigoma region mostly Miombo woodlands and agricultural lands/ plantations can be found. The 

different climate throughout the country is one of the 

reasons for the difference in land type. As one can 

see in figure two the average temperature in Kigoma 

is between 22°C and 28°C and the rainfall is ranging 

from two mm in the dry season to 150 mm in the 

wettest month (May). 

 

Figure 2: Temperature and Rainfall Kigoma (Source: 

http://www.bbc.co.uk/weather/world/city_guides/results.sht

ml?tt=TT000690) 

 

1.3. Forestry in Tanzania 

1.3.1. Forest cover 

Tanzania has about 33.5 million hectares of forest and woodlands which covers 40% of the country 

(Mniwasa and Shauri, 2001). Out of this total area, almost two thirds consists of woodlands on 

public lands which lack proper management. Public lands are under enormous pressure from 

expansion of agricultural activities, livestock grazing, fires and other human activities. About 13 

million hectares of this total forest area have been gazetted as forest reserves. Over 80.000 

hectares of the gazetted area is under plantation forestry and about 1.6 million hectares are under 
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water catchment management (Ministry of Natural Resources and Tourism Tanzania, 1998; Hamza 

and Kimwer, 2007). Table 1 shows how the total forested area is distributed by type, use and legal 

status. 

 

One of the efforts of the Tanzanian government to reduce the degradation is the Sustainable 

Forest Management and People’s livelihood approach. In short this is the stewardship and use of 

forests and forest land in such a way and at such a rate, that it maintains biodiversity, productivity, 

regeneration capacity, vitality and potential to fulfil, now and in the future, relevant ecological, 

economic and social functions, and that it does not impact negatively on other ecosystems (Davis 

and Johnson, 1987; Hamza and Kimwer, 2007). 

Another effort of the government in Tanzania is the Participatory Forest Management (PFM) 

approach (similar to Community Based Forest Management approach). PFM refers to processes 

and mechanisms that allow people who have a direct stake in forest resources to be part of 

decision-making in all facets of forest management, from managing resources to formulating and 

implementing institutional frameworks (DANIDA 2002; Hamza and Kimwer, 2007). 

 

Forest Type 000 ha 

Forests (other than mangrove forests) 1141 

Mangrove forests 115 

Woodlands 32299 

Total 33555 

 

Use of Forest Land  

Production forest area 23810 

Protection forest area (mostly 
catchment areas) 

9745 

Total 33555 

 

Legal Status  

Forest reserves 12517 

Forest / Woodlands within National 
parks, etc. 

2000 

Non-reserved forest land 19038 

Total 33555 
Table 1: Forest area of Tanzania (adapted from: Ministry of Natural Resources and Tourism Tanzania, 1998) 
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1.3.2. Functions 

The Tanzanian forest has several uses. Beside the commercial plantations and the supplying of 

wood for energy purposes the forests offer: habitat for wildlife, fruits, beekeeping, unique natural 

ecosystems and genetic resources (Ministry of Natural Resources and Tourism Tanzania, 1998). 

But of course the non timber forest products and the fuel wood are the most important functions. 

The majority of the Tanzanians still use fuel wood for cooking and currently most of them do not 

have other options available. Therefore one can state that the forests in Tanzania have a big role in 

the maintenance of livelihoods of Tanzanians. 

 

1.3.3. Major challenges 

There are several environmental issues present in Tanzania: soil degradation, deforestation, 

desertification, the destruction of coral reefs threaten marine habitats. Recent droughts affected 

marginal agriculture, wildlife was threatened by illegal hunting and trade, especially for ivory. Of all 

of these mentioned issues deforestation is the biggest and most important issue. There is no 

reliable data on deforestation in Tanzania although estimates range from 130000 to 500000 ha per 

annum. The main reasons for this deforestation are clearing for agriculture, overgrazing, wild fires, 

charcoal burning and over-exploitation of wood resources. This mainly happened on unreserved 

forest land (Ministry of Natural Resources and Tourism Tanzania, 1998; Hamza and Kimwer, 

2007).  
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2. Research focus  

In this chapter I would like to show the necessity of this research and the goals and questions 

formulated to answer the main research question: What is the fuel wood usage by households in 

the working area of the TACARE programme and which solutions can be implemented in the 

region to make the consumption more sustainable? 

 

2.1.  Research goals and questions 

The main focus of most fuel wood researches is to develop a better understanding of the physical 

and social system in which traditional fuels are used (de Lucia, 1983) in order to create more 

effective conservation efforts (Holmes, 2003a; Holmes 2003b). In this research the focus will be 

mainly on the physical system, but besides this, also the different facilities in which the several 

fuels are used are examined and to do this the following research question and hypothesis were 

formulated: 

Research Question: What is the fuel wood usage by households in the working area of the 

TACARE programme and which solutions can be implemented in the region to make the 

consumption more sustainable? 

Hypothesis: The use of fuel wood by households in the TACARE programme is sustainable. 

Null Hypothesis: The use of fuel wood by households in the TACARE programme is not 

sustainable. 

 

Several sub-questions were formulated in order to provide a structured and adequate answer to the 

research question. These sub-questions are: 

1. What is the average household size and composition in the Kigoma region? 

2. Which types of stoves occur in the area and how efficient are these stoves? 

3. What influence do the stoves have on fuel wood consumption in this region? 

4. How many direct and indirect wood (See section 3.2.2 for a definition) fuels are being 

consumed in the region? 

5. How does the average consumption relate to the consumption in other areas in Tanzania 

and the rest of Africa/ the world? 

6. What types of sustainable solutions to lower the consumption are found and which can be 

used in the TACARE programme. 
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2.2.  Motivation 

Knowledge on wood fuel usage can be important in forest management. Excessive harvesting 

increases the deforestation rate. Consumption is the most important variable in defining the 

potential contribution of a wood fuel source and also in assessing the risk of its degradation or 

overexploitation (FAO, 2002). Therefore this research can be of significant importance in the battle 

against deforestation in the Kigoma region. Deforestation is threatening the forests in the Kigoma 

region and has already caused major losses of forest areas. With the growing population of 

chimpanzees in the Gombe National Park it is very important that areas outside of the park are 

suitable as habitat for chimpanzees. Without the efforts of the Jane Goodall Institute the situation 

would look even grimmer than it already is. Every effort which could reduce pressure on the 

standing forests is interesting and should be given a trial: new methods are always welcome. 

Therefore I think that this research could give insight in the current fuel wood consumption and with 

the solutions which will be mentioned in this report pressure from the forests could be reduced. For 

the Jane Goodall institute the most important data they asked from me is an accurate number on 

the fuel wood consumption of the people in the TACARE villages. With this information they could 

see in which villages actions are most needed and support their decisions with data from this 

research. 

 

 



TACARE villages and fuel wood consumption; How can we make it more sustainable? 2010 
 

9 Van Hall- Larenstein University of Applied Sciences 

 

3. Research methodology  

In this chapter I will explain my methodology. I chose to divide my work in three parts. Firstly the 

pre-assessment to get a better understanding of the basics in the TACARE villages including 

information on households, stoves and bundle sizes. Secondly the most important part of the 

research: the wood fuel survey, which will to give information on fuel wood consumption, collection 

and other related issues. 

Finally the desk research, also a vital part of this research. Without it the second half of the 

research question could not be answered. There are vast amounts of sustainable solutions 

available and with this desk research I was able to find possible solutions for the Kigoma region. 

 

3.1.  Pre-assessment 

3.1.1. Village selection and household research 

Together with the TACARE staff a selection of suitable villages was made. The village selection 

focused mainly on two variables: distance to forests/ woodlands (some villages close to and some 

village further away from the forests and woodlands) and the distance to the town (the latter is of 

importance because these villages may also produce fuel wood for selling in the town). Therefore 

three villages north of Kigoma were taken (Bubango, Kalinzi, Kalalangabo), two villages along the 

lakeshore (and only reachable by boat; Mwamgongo and Zashe) and three villages south of 

Kigoma (Ilagala, Kasuku, Mwakizega; Gobbo, personal communication 2009; Kashula, personal 

communication. 2009).  

In the selected villages randomly chosen households were selected and interviews were conducted 

using the questionnaire in Annexure two as a guideline. Besides basic questions on the formation 

of the households (to answer sub-question one) this questionnaire included questions regarding 

stove type (sub-question two) and fuel usage. The whole household were to be involved in the 

answering of the questions, since gender differences in species choice regarding fuel wood are 

already recorded in the TACARE villages (Chepstow-Lusty et al. 2006). Furthermore in the Kigoma 

region women are recorded as primary fuel wood collectors (Biran et al. 2004; Kashula, 2009 pers. 

comm.) and therefore they were addressed as the primary respondent of the fuel wood related 

questions. The sample size was calculated using a sample size calculator in Excel provided by the 

JGI. FAO (2002) stated that the marginal error for this kind of research has to be between 10% and 

20%. Therefore with a number of 15% of the households in the research sample a confidence level 
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of 95% could be achieved. The specific data on the population sizes in the villages can be seen in 

Annexure three. The calculation finally gave a number of 40 households per village which had to be 

questioned to get a good view of the fuel wood consumption of the whole population in the villages. 

To create more certainty the number of households was raised to 50.  

 

3.1.2. Bundle size measurement  

There are two methods of measuring an average bundle size, namely by volume and by weight  

(Openshaw, 1983). The weight of a bundle of wood is easier and quicker to determine than trying 

to determine the volume of an irregularly shaped load of fuel wood. Therefore in this research the 

average bundle size was calculated using weight of the bundles. Using a spring weighing scale 

attached to a tree or another high and solid object the collected wood was measured by attaching it 

to the scale by a rope hanging under the scale. 

 

3.1.3. Cooking fuel economy 

3.1.3.1. Types of stoves 

The FAO (2002) described the stages a researcher needs to go through to get adequate 

information on the means of fuel burning in the area. These stages are: 1. Interviews procuring a 

list of stoves typical for the area. 2. A description of these stoves with specific information regarding 

factors like size, construction, height above floor, area of heat transfer and efficiency. 3. In the 

questionnaire of the research add a question where these stoves can be ticked off. 4. Add new 

stoves if they are frequently found during the research. The questionnaire used in this research 

includes questions regarding the stoves used by the households and during the interview the 

participants are asked to show their stoves to me. With this information a decent list could be made 

of the stoves used in the area, which was asked in sub-question two. 

 

3.1.3.2. Efficiency of stoves 

Efficiency is not a physical fact; it is an engineering concept which can be useful to evaluate the 

performances of technical equipment. The TACARE staff introduced the technology to build fuel 

efficient stoves in several villages to reduce the need for wood (See table two for numbers). They 

train the villagers how to build these stoves. The goal of the staff by the end of the year (2009) was 

to build 1000 fuel efficient stoves. By July 2009 only 480 more had to be built to achieve this goal 
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(Kashula, 2009 personal communication). A small research done by the TACARE staff has shown 

that the demand for fuel wood is lowered by almost 50% (See Annexure four for the data and for an 

example of a TACARE stove). Households using a fuel efficient stove and households without such 

a stove have been questioned to see whether the decrease in fuel wood need as recorded by the 

TACARE staff is statistically significant and therefore justify the promotion of fuel efficient stoves. 

A new type of stove has been developed in 2009 by engineers from Dartmouth University. This 

stove is implemented partly in the village of Mwamgongo and if field tests show that this stove 

reaches a higher efficiency than other stoves it can be implemented in the rest of Mwamgongo and 

TACARE villages. Therefore the Mwamgongo village was one of the eight villages included in this 

research. Hopefully this stove will prove to be efficient and successful in the villages in order for it 

to replace the TACARE stove as the promoted fuel-efficient stove. To see whether these different 

stoves are more efficient, fuel consumption data will be presented per stove and the stove with the 

lowest wood consumption is the most efficient in this region. These data can give more information 

on the role of stoves in fuel wood consumption (sub-question three). I chose to look at efficiency 

this way because it is not time-consuming compared to field tests with the different stoves at similar 

circumstances. 

 

Village TACARE stoves found Notes 

Mgaraganza 36 stoves Survey only covered 3/7 of the sub villages 

Bugamba 95 stoves Survey was not intense 

Mwamgongo 452 stoves Somewhat intense survey 

Mtanga 295 stoves Somewhat intense survey 

Chankele 117 stoves Recently introduced (Numbers are expected to increase. 

Bubango 227 stoves Recently introduced (Numbers are expected to increase. 

Kasuku 675 stoves Recently introduced (Numbers are expected to increase. 

Nyamori 377 stoves Recently introduced (Numbers are expected to increase. 

Mkongoro 120 stoves Recently introduced (Numbers are expected to increase. 
Table 2: TACARE stoves build in the project villages. Adapted from Gobbo, personal communication, 2010.  

 

3.2.  Wood fuel survey 

The most important part of the research is the wood fuel survey. This method will help to answer 

the research question and give the JGI accurate numbers on fuel wood consumption. The wood 

fuel survey was chosen since it is the standard set by the FAO and it is easy to use this basic set of 

questions adapted for the TACARE. 
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3.2.1. Set-up 

DeLucia (1983) set a classification of the different types of wood fuel surveys used and for this 

research the most suitable category will be: Area or village work involving detailed comprehensive 

surveys employing a mixture of statistical, physical sciences, and social sciences, residence 

observation techniques and covering both demand and supply issues.  

Therefore the wood fuel survey can roughly be divided in two parts. The supply side and the 

demand side. Both will be discussed below. 

 

3.2.2. Fuel supply 

A distinction can be made between wood fuel sources, namely direct and indirect sources. 

Direct sources are trees, bushes and other plants growing on different lands and making up 

distinct plant communities and forms or types of natural vegetation such as rainforest, woodland, 

scrubland and scrub. They also include cultivated or man-made plant communities such as annual 

crops, pasture, forest fallow, hedges, forest plantations, orchards, gardens and vegetable plots. 

The latter (orchards, gardens and vegetable plots), also known as “trees outside forests” are 

usually very important as sources of wood for rural households and even for urban and industrial 

markets (FAO, 2002). 

Indirect sources are: the establishments that process woody plants to obtain their main product or 

by-products, for example: charcoal makers; sawmills; furniture factories; tannin, resin and vegetal 

oil/ oil palm extraction plants. Some consume a large portion of these fuels to produce their own 

mechanical, electric or thermal energy and may generate surplus energy or surplus fuels that can 

be used by other sectors (FAO, 2002). 

This research will mainly focus on direct sources, but indirect are also important and therefore 

establishments producing indirect sources have also been visited to get an estimation of the fuel 

from indirect sources to answer sub-question four. One big sawmill and several small sawmills 

were visited and supervisors were questioned regarding the waste materials and their use as a fuel 

wood source. Furthermore I asked them about the purchase of sawdust as a fuel wood source and 

their benefits from it. The oil palm industry does not provide excess fuel wood and therefore I 

decided not to interview oil palm extraction operations. 

The wood productivity of a direct resource is equal to its net annual wood growth, being the 

increase of woody biomass in live trees and bushes. It is expressed in units of volume or weight 
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per unit area and unit time (m3/ha/year, t/ha/year or CUM/ha/year). Productivity is the most 

important variable in defining the potential contribution of a direct source of supply and also in 

assessing the risk of its degradation or overexploitation as against a given rate of extraction. It was 

therefore important to allocate sufficient time to the work for measuring or estimating, this requires 

knowledge of growth rates (gross and net) of the resource (forest, scrubland, hedge, crop; FAO, 

2002). The JGI said they were able to provide such information, however the demand side is more 

important and therefore the focus will be mainly on fuel wood demand.  

 

3.2.3. Demand 

The demand side of the wood fuel survey is split in two parts. Interviews with randomly chosen 

households from every village as explained in section 3.1.1 and a participant observation. The 

interviews are structured using a pre-set list of questions/questionnaire shown in Annexure two. 

The participatory observation is meant to check on the information given in the interviews and to 

give a good calculation of the actual fuel wood consumption by counting the bundles of wood 

collected and charcoal bought or produced. During the interview week in a village fuel wood 

collected has been recorded and examined when encountered. But more important were the Forest 

Monitors in the collection of the participatory observation data. In every village forest monitors (FM) 

are present and part of their task is to record the amount of bundles taken from the forest. They 

patrol the forest several times during a month and record the bundles they come across during 

these patrols. This data, however, can be subject to changes between villages, since the amount of 

patrols changes per month and per village depending on the forest monitors. During my stay in 

Kigoma I have digitalised the FM reports in an excel-sheet. Therefore with an average weight per 

bundle we can see how many bundles were taken per month using the FM report present for the 

past few years.  The data which comes from these several sources will help to answer the research 

question on fuel wood consumption in the region. 

 

3.3.  Desk Research 

Before, during and after the fieldwork desk research was done using databases such as JSTOR, 

Sciencedirect and other available at the Wageningen University Library. Furthermore articles and 

information were provided by the Jane Goodall Institute Tanzania in the form of research papers 

related to the specific area. The information needed was mainly related to the fuel wood 
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consumption in other areas of the world/ Africa, to find suitable sustainable alternatives for fuel 

wood and to get a better understanding of the research subject. With this information the last two 

sub-questions can be answered and also one part of the main research question can be answered. 

 

3.4.  Statistical analysis 

Basic statistical analysis was done, to see whether differences between the data were found. When 

differences were found which could be interesting for the research advanced statistics were applied 

to see whether these differences are significant. The advanced statistical analysis was mainly 

focused on the fuel wood consumption and the influence stoves have on the consumption. 

Therefore a Kruskal-Wallis test (Ashcroft and Pereira, 2003) was done to determine whether the 

fuel wood consumption of the found stoves was significantly different.  

To see whether there is a relationship between the amount of meals cooked per day and the fuel 

wood consumption a Pearson`s Correlation coefficient was calculated (Ashcroft and Pereira, 2003) 

 

3.5.  Research scheme 

For this research the time scheme shown in table three was used. 

Date Activity 

20 June Travel to Tanzania 

20 – 27 June Week in Dar-es-Salaam for residence permit 

1 July Final version proposal 

27- June – 5 

August 

Field work preparation; Adaptation to life in Kigoma, meeting with officials; adaptation of 

proposal after preliminary visits to villages. Start with voluntary work for JGI, including 

digitalizing of FM reports 

5 August – 28 

October 
Wood Fuel Survey  interviews and participatory observation + visits to indirect sources 

November Tour through Tanzania 

December Return to The Netherlands + Start writing report 

30 April 1st version report 

15 May 2nd version report 

4 June Final version report 

June Hand in report + colloquium 

Table 3: Time schedule for this research 
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3.6.  Guidance 

In this research, guidance was given by an internal and external coach. The internal coach was Mr. 

A. Hettema, lecturer (specialized among others in social forestry and Non Timber Forest Products) 

at Van Hall-Larenstein University of Applied Sciences. The external coaches have been Dr. A. 

Collins senior representative of The Jane Goodall Institute Tanzania (JGI) and Mr. A. Kashula 

manager of the Forestry department of the TACARE program of the JGI.  
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4. Results 

The results of the fieldwork done can be found below. First the household size and composition will 

be handled. Secondly the data collection and consumption will be presented and finally I will 

elaborate on stoves and secondary sources of fuel wood. 

 

4.1 .  Household size and composition 

With census data table four was created. It shows an average household size of ± 6 persons per 

household. 

Household survey 

Village Population size (#) Household # 
Average 

household 
size 

Average Men 
per 

household 

Average 
Women per 
household 

 Male Female total     

Kalinzi 3466 4023 7489 1079 6,94 3,21 3,73 

Bubango 2474 3034 5508 856 6,43 2,89 3,54 

Ilagala 5682 5741 11423 2051 5,57 2,77 2,80 

Mwakizega 5540 5935 11475 1951 5,88 2,84 3,04 

Kasuku 2458 2838 5296 865 6,12 2,84 3,28 

Kalalangabo 546 549 1095 176 6,22 3,10 3,12 

Mwamgongo 2099 2351 4450 695 6,40 3,02 3,38 

Zashe 2623 2922 5545 849 6,53 3,09 3,44 

Table 4: General Household data. Adapted from: Tanzania Population and Housing Census, 2002 and Jane 

Goodall Institute b, 2009. 

 

4.2 . Fuel wood collection 

In this research with a sample of 400 (n) 381 people use fuel wood, 56 charcoal and one 

household uses kerosene. Most of the people using fuel wood gather this (312 households), while 

only 62 households pay for their fuel wood. Furthermore there are 5 households were they both 

buy and gather fuel wood. This is mostly due to the fact that there is little fuel wood available for 

them to collect so they have to buy extra. The most common reason for households who buy their 

fuel wood is that their household situation (Age of people or size of the household) does not allow 

them to gather. The average price for the fuel wood bought is 1420 Tsh per bundle, but the prices 

range from 500 Tsh to 8000. The price is related to the size of the bundle and in which village they 

were found. On average these people buy a bundle every four days. 
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308 out of the 400 households interviewed have difficulties with getting fuel wood, while 73 

households do not have difficulties. The households who said they do not have difficulties are 

mainly the households who buy 

their fuel wood. The households 

having difficulties are mainly 

complaining about the distance 

from their home to the 

(communal) forest and 

agricultural lands (See figure 

three). Furthermore people state 

that they find it dangerous to 

collect fuel wood, since they can 

get injured during the walk there 

and back and dangerous 

animals such as snakes are found in the area. 

 

All households, using fuel wood, use it for cooking their meals, 155 households also use it for 

boiling drinking water and 301 use it to heat bathwater. An interesting fact that was forgotten in the 

list of possible uses for fuel wood was the light 

function. A three stone oven also functions as a 

light source in these villages since no electricity 

is available (Bhatt and Sachan, 2004; Makame, 

2007).   

 

Furthermore, as stated before, fuel wood 

collection is mainly done by women. As one 

can see in figure four their share in gathering is 

almost 90%. However in a large amount of households the collection is done by both women and 

children, no specific number of children can be given since only the primary collectors were 

recorded. 

Figure 4: Fuel wood collection by gender 

Figure 3: Collection time difference between the research villages 
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Collection 

Village 
Land owner 

 
Type of Land 

 
Transport 

 
Collection 

 

 Private Communal 
Forest/ 

woodland 
Agricultural By head Other Gathering Cutting 

Mwamgongo 33 4 4 33 37 0 33 20 

Kalinzi 26 9 14 21 35 0 27 10 

Kalalangabo 11 32 33 10 43 0 43 0 

Ilagala 7 21 22 6 27 1 26 2 

Kasuku 16 19 19 16 35 0 24 17 

Bubango 42 4 4 42 46 0 42 7 

Zashe 40 7 4 44 45 0 20 32 

Mwakizega 1 48 48 1 49 0 48 2 

Total 176 144 148 173 317 1 263 90 

Average 22 18 18,5 21,625 39,625 0,125 32,875 11,25 

Table 5: Landownership and type of collection of fuel wood in the research villages. 

 

Only a small percentage of the interviewed households were using charcoal as an energy source. 

Table six gives more insight in these charcoal users. As one can see no charcoal users were in the 

randomly selected group of interviewees in Mwakizega. Again I must say that the price differs 

significantly due to the different methods of selling. Some buy the big sacks, some buy the smaller 

50kg sacks and others just buy a small basket for their daily needs. Almost all persons using 

charcoal are buying it from a trader at the market; only two households were found who go to a 

private source.  

Charcoal survey 

  Use of charcoal  Quality 

Village # Cooking drinking water Bath water Price Good Bad Both 

Mwamgongo 18 18 9 9 4726 9 0 9 

Kalinzi 2 2 1 1 2000 1 0 1 

Kalalangabo 2 2 0 0 4150 2 0 0 

Ilagala 20 20 8 14 3010 9 1 10 

Kasuku 10 10 3 5 2870 7 0 3 

Bubango 1 1 1 0 2500 1 0 0 

Zashe 3 3 0 0 5000 2 1 0 

Total 56 56 22 29 24256,67 31 2 23 

Average 7 8 3,14 4,14 3465,24 4,43 0,29 3,29 

Table 6: Household use of charcoal and quality (Note: Mwakizega is not included, since no charcoal was 

found) 
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4.3.  Fuel wood consumption 

Fuel wood survey 

Village 

Average 
bundle 

size 
(KG) 

Standard 
deviation 

Fuel wood 
consumption/ day / 

household (KG) 

Fuel wood 
consumption/ 
day/ sample 

(KG) 

% HH* 
using 
Fuel 

wood 

% HH* 
using 

Charcoal 

Mwamgongo 25 4,47 9,75 478,06 98% 36% 

Kalinzi 14,3 4,29 7,4 362,72 98% 4% 

Kalalangabo 23,12 7,92 11,33 566,72 100% 4% 

Ilagala 23,36 8,61 8,87 319,2 72% 40% 

Kasuku 20,52 6,36 7,68 360,96 94% 20% 

Bubango 16,76 5,58 6,2 309,86 100% 2% 

Zashe 23,72 6,48 10,54 572,21 100% 6% 

Mwakizega 22,92 7,69 10,31 515,7 100% 0% 

Table 7: Fuel wood use in the researched TACARE villages. (*= households). 

 

As you can see in table seven there are big differences between bundle size and fuel wood 

consumption in the research villages. The bundle size can be influenced by the persons who are 

collecting. Elderly women and children can carry less compared to average women. The fuel wood 

consumption can be caused by the use of different stoves in the villages. Further on I will elaborate 

more on the influence of stoves on fuel wood consumption. 

To see whether the amount of meals cooked have an influence on the fuel wood consumption a 

Pearson correlation test (Ashcroft and Pereira, 2003) was done using SPSS software. The critical 

value of t at P <0.05 for 379 degrees of freedom is 1.960 (Fowler et al., 1998). A correlation value 

of 0.052 was found, which means that the correlation is not significant at P<0.05. 

 

4.4. Stoves and efficiency 

In this research only four types of stoves where found. Namely the standard “three stone stove”, 

the TACARE fuel efficient stove, the metal stove (mainly used for charcoal) and the newly 

implemented rocket stove. Since the numbers of the metal stove (15 stoves) and rocket stove (only 

one stove) are so low the two stoves are combined in one group, named other stoves. Table eight 

shows the percentage of people using these stoves and if they object to using the stoves that are 

currently in use. 
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Also their reaction regarding a new and more efficient type of stove is recorded in this table. With 

100% meaning that everyone is positive about a new stove which can mainly solve the problems 

they have. 

Stove survey 

Village Three Stone 
stove 

TACARE 
stove 

Other 
stove 

Objections 
to use 

Efficient 
stove 

Mwamgongo 94% 32% 2% 92% 96% 

Kalinzi 100% 0% 2% 86% 100% 

Kalalangabo 100% 2% 2% 96% 96% 

Ilagala 72% 28% 12% 88% 100% 

Kasuku 80% 42% 14% 84% 100% 

Bubango 92% 46% 0% 88% 100% 

Zashe 98% 8% 0% 78% 100% 

Mwakizega 98% 2% 0% 100% 100% 

Table 8: Different types of stoves found in the research villages, objections to the use of these stoves and the 

reaction on the use of a new efficient stove.  

 

The nature of the objections mentioned to the use of the use of fuel wood and charcoal are mainly 

related to health issues and these are discussed in chapter 5.4. 

 

Fuel wood consumption per stove type 

Stove type 
# 

Stoves 
found 

Total fuel 
wood 

consumption 
per day 

Average fuel 
wood 

consumption/ 
day/ HH* 

3 Stone 367 3339,03 9,12 

TACARE incl. 3 
stone stove 

80 507,15 7,68 

TACARE excl. 3 
stone stove 

29 101,38 6,76 

Other 16 90,17 8,20 

Table 9: Fuel wood consumption related to the different types of stove. (*= household) 

 

The fuel wood consumption in kilos for the different stoves is recorded in table nine. As one can 

see there are two lines for the TACARE stove, this is due to the fact that still a high percentage of 

the people who are using the TACARE stove are also using the three stone stove. To analyse 

whether these differences in this not normally distributed sample are significant a Kruskal-Wallis 
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test using PractiStat (Ashcroft and Pereira, 2003) was done. At 3 dF (degrees of freedom) the 

calculated value of 11.83 surpasses the tabulated value of 11.34 at P=0.01 (χ 2 table; Fowler et al., 

1998), therefore one can conclude that the difference is statistically highly significant.  

 

4.5.  Indirect sources 

The only indirect source found was sawdust and leftover wood from the sawmills. These materials 

are sold to individuals for around Tsh 1000 per sack. The biggest sawmill in Kigoma only sells 

around 5 sacks per day, which have to be collected at the sawmill. However these materials are 

not only used as a fuel wood source. Beside the function as fuel it can also function as ground 

material in henhouses and as erosion control measure. More sacks are available, but there is little 

demand. So promotion is needed to increase the demand. 
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5. Discussion 

In this chapter I will discuss the results and will try to find solutions for the problems that occurred. 

Also I will discuss alternative energy sources comprehensively. In order to keep it convenient I tried 

to discuss the results in the same order as they were put together. 

 

5.1.  Household size and composition 

No outliers were found in the household size and composition in the TACARE villages; however the 

numbers of households show significant differences. In Kalalangabo there are only 176 

households, while in Ilagala 2051 households were found. In this research no attention was given 

to this fact and a standardised number was used (50) for the interviews. Due to this the data 

created from these bigger villages could not reflect the actual village average (which currently is 

calculated at ±6 persons per household). However, given the fact that the answers given in Ilagala 

do not differ much from the average in the other visited villages, I suppose that the families 

interviewed there are representative for the whole village.  

 

5.2.  Fuel wood collection 

During the research we noticed some difficulties in the definitions used by the persons interviewed 

and the questions asked. Wood which was said to come from private land in some cases also 

appeared to come from communal land, given for temporary use to the family for a few years by 

the village executive office. Also in Tanzania however there is a tendency towards further 

individualizing land rights which creates some unclarities about the definition among villagers. 

Therefore the figures presented in table five about landownership of the areas from which the wood 

is collected, must be read with some reservation. 

The same reservation I would suggest for the figures for the mode of collection (gathering or 

cutting): the figures from the interviews suggest that almost ¾ of the wood is gathered and only ¼ 

cut freshly. From my participatory observation I noticed that several families, claiming to have 

gathered the wood, had freshly cut wood bundles. The fact that I was known to be a researcher of 

the Jane Goodall Institute, which Institute is commonly known to be opposed to woodcutting, might 

be the reason why the interviewees gave the socially desired answer of having gathered the wood. 
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5.2.1. Collection time 

What has become clear of the research is that wood is still the main source of fuel in the region, 

being used for cooking, but also for boiling water for drinking and for bathing. Also the families, 

mainly women and children, spend on average 2.6 hours a day for cutting and gathering fuel wood. 

This means that potentially there is a strong motivation for diminishing the time spent on fuel wood 

collection, whether by reducing the number of bundles needed or by reducing the distance to the 

fuel wood resource. The latter however will be hard to achieve given the strong population growth 

in the region (4.8% annually), which demands for a bigger amount of land for agriculture. Distance 

to the wood lands will therefore become higher in future and the need for fuel wood might increase 

with the same pace as the population growth, doubling in less than 20 years. This makes the 

reduction of fuel wood consumption by using more efficient stoves even more interesting, 

especially considering also the difficulties mentioned by interviewees during the collection of wood: 

injuries caused by the cutting or gained during the transport and snakes being active in the woods. 

Moreover the distances are considered to be too far, which is confirmed by the time used for fuel 

wood collection as mentioned above (2.6 hours on average).  However, I did not have the time to 

join villagers on their fuel wood collection trip, so I can not state with certainty that their statement is 

correct. 

 

5.2.2. Charcoal 

Charcoal is very important in some 

villages in the Kigoma region (Kashula, 

personal communication 2009). 

However in this research only a low 

number of households using charcoal 

was found. This is especially weird in 

Mwakizega, one of the primary 

sources of charcoal in the region, in, 

which I found no households using 

charcoal. 

 

 

Figure 5: A woman collecting charcoal from her own kiln for 
private use and commercial use at the villages (Mwakizega) 
market. 
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Another interesting aspect found in the charcoal related questions was that most people were 

saying that their charcoal was of good quality. The way the people are manufacturing charcoal 

however is outdated, a lot of coal is lost in the process and it reduces the quality of the coal 

significantly. The only reason why people state that their charcoal is of good quality is that a fire on 

charcoal reduces the time to boil water and cook beans. The picture shows that the charcoal heaps 

are small and unorganized and therefore inefficient in its production capacity.  

Charcoal currently is still produced in pit kilns, or earth pits in which wood is piled and burned; in 

this system about 10 m3 of wood are consumed to make one ton (1000kg) of charcoal. An 

improved kiln has already been designed in the eighties to increase charcoal production’s 

efficiency. This kiln consists of a steel ring about one meter high and two meter in diameter and 

can be rolled easily from site to site. It has an efficiency approximately twice that of a pit kiln (i.e. it 

will take 5 m3 to produce one ton) and in the eighties it was produced for $100, but currently it is 

much cheaper to manufacture these rings (Allen, 1985). The kiln shown in Figure five only 

produces around ten small sacks of charcoal in total 

which are sold for 3000 Tsh per sack. For these kilns 

they use the trees around the site and when they are 

finished they continue to another site and start another 

kiln. The location of their kilns is related to the presence 

of their agricultural lands. This woman stated that she 

only has a kiln here since here farming land was close 

by and she can combine the work on the land with the 

processing and collection of charcoal from her kiln. 

 

5.3.  Fuel wood consumption 

5.3.1. Fuel wood consumption: effect on forest 

First the focus of this research was on the influence of 

fuel wood consumption on the forests. But during the 

research this shifted to finding more sustainable 

solutions to decrease fuel wood consumption. However 

data are available from another research on the 

decrease of forests in the Kigoma region and around 

Figure 6: Overlay of deforestation patterns 
between 1972 and 1999 as detected by 
Landsat MSS and ETM+ changes in NDVI and 
chimpanzee communities inside and outside 
Gombe National Park. Kasakela and Mitumba 
territories have been calculated using 99% 
MCP method from long-term chimpanzee 
ranging data. The dashed lines indicate 
approximate locations of the other 
chimpanzee territories (Pintea et al., 2002). 



TACARE villages and fuel wood consumption; How can we make it more sustainable? 2010 
 

25 Van Hall- Larenstein University of Applied Sciences 

 

Gombe. Pintea et al. (2002) suggest that charcoal produced and transported to Kigoma and Kasulu 

towns, conversions of woodlands to farmland and conversion of evergreen forests to oil palm 

plantations are the main forces driving deforestation in the region. However they also state that the 

influence of refugees should not be forgotten. Figure six and seven show these changes on the 

forest cover due to the causes mentioned above. Also the research villages’ people noticed the fact 

that there is a decline in forest availability and that the distance to the place fuel wood is found is 

increasing.  

 

Figure 7: Forest and woodland loss between 1972 and 1999 as recorded by changes in NDVI of Landsat MSS 

and ETM+ images. Deforestation pattern is overlaid over the 1999 Landsat ETM+ NDVI with the location of 

major roads and settlements. Note that most of the linear high “greenness“ patterns adjacent to the park are 

oil palm cultivations converted from evergreen forests (Pintea et al., 2002). 
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5.3.2. Fuel wood consumption related to other areas in the world 

An interesting thing to see is whether the fuel wood consumption found in this area is different from 

other areas in Tanzania or the world.  In north eastern India a fuel wood consumption ranging from 

3.90kg to 5.81kg per capita per day was found (Bhatt and Sachan, 2004). which seems 

considerably higher than the values reported for the rural and tribal communities of the western 

Himalayas (1.49 kg/capita/day) by Bhatt et al. (1994); for Southern India (1.9– 2.2 kg/capita/day) by 

Reddy (1981) and Hedge (1984); for South and South-East Asian countries (1.7–2.5 kg/ 

capita/day) by Donovan (1981) and Wijesinghe (1984), and for the Himalayan range of Nepal (1.23 

kg/capita/day) by Mahat et al. (1987). Recalculating my number to kg/capita/day an average of 

1.44 kg/capita/day is reached. Therefore I can conclude that in the TACARE villages they are using 

less fuel wood than most of the Asian regions discussed above. This probably is caused in some 

region by the need for heating due to more extreme weather circumstances than one can find in 

Tanzania. 

A research by Skutsch (1983) showed that the fuel wood consumption per year for an average 

household in the Dodoma region of Tanzania is 3400kg. In Zimbabwe much higher numbers were 

found; an average household was using nearly 7000kg per year. The research states that this is 

mainly due to the high abundance of wood resources in that area, since people use more when 

more is easily available (Grundy et al., 1993). Other countries in Africa show a consumption 

ranging from 3000 to 5400 kg/ household per year. For example Ngaoundere town in Cameroon 

had on average a consumption of 5317kg/household/ year (Vennetier, 1981), Hola and Bura 

Villages in Kenya had a consumption of 4122kg/ household/ year (Hughes, 1984), Dosso Town in 

Niger consumed 3096kg/household/ year (Louvel, 1985) and Metropolitan Kano in Nigeria used 

3352kg/household/ year (Cline-Cole et al., 1990). If you compare this to the average of the 

TACARE villages multiplied by 365 a number of 3289kg/ household is found. These numbers are 

quite similar. 

 

5.3.3. Number of cooking’s per day related to consumption of fuel wood  

No significant relationship was found between the amount of meals cooked per day and the fuel 

wood consumption. A Pearson correlation test (Ashcroft and Pereira, 2003) was done using SPSS 

software. The critical value of t at P <0.05 for 379 degrees of freedom is 1.960 (Fowler et al., 1998). 

A correlation value of 0.052 was found, which means that the correlation is not significant at 
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P<0.05. During the interviews we could not detect an explanation for the fact that an extra cooking 

does not lead to a higher fuel wood consumption. However a research done by Kituyi and Kirubi 

(2003) in Kenya showed that a change of diet pattern (i.e. less cooking) in boarding schools 

reduced the consumption rate about 1.5 times. So I can not state with certainty that the fuel wood 

consumption is not affected by the amount of meals prepared. 

 

5.4.  Stoves and efficiency 

As one can see the differences between the 

three stone ovens and the TACARE stoves 

are significant and result in a fuel wood 

reduction of 1/3th of the consumption in 

comparison with three stone ovens. One 

could suggest that the TACARE stove must 

be implemented throughout the villages to 

reduce the consumption significantly, 

although alternative stove designs are also 

possible, like the rocket stove mentioned 

before (See figure eight for a small 

explanation of the rocket stove). Field tests 

have shown that the rocket stove improves 

the fuel wood use by 22.48% in comparison 

to the TACARE stove. This was also 

expressed in  the average fuel wood 

consumption per household per day with the 

TACARE or three stone stoves being 4.08kg and with the new rocket stove 3.33kg, being an 

improvement of 0.75kg per day per household (Losordo, 2010). So this new stove can have an 

even bigger impact on the lives of the villagers. Lower fuel wood needs reduce the time spent in 

the forests/ agricultural lands collecting fuel wood and makes more time available for other 

activities. The average time that was spend on fuel wood collection was 2.62 hours, so with less 

fuel wood needs this time can be spent more efficiently.  

 

Figure 8: The principles of the Rocket stove (source 
http://solarcooking.wikia.com/wiki/rocket_stove) 
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There were major objections to the use of stoves for cooking (in the villages between 78% and 

100% of the people said they objected to the use of current three stone stoves; see chapter 4). The 

main concerns were related to the fact that the smoke causes respiratory problems and also that it 

leads to eye problems. However there are even more detrimental effects on humans. In a research 

by Pandey (1998) the problems were divided in four categories: 1. Respiratory diseases (mostly 

being Acute Respiratory Infections (ARI) among infants and children and Chronic Obstructive Lung 

Disease (COLD) in adults.), 2. Low birth weight, 3. Cancer and 4. Eye problems (Bruce, 1998; 

Pandey, 1998).  

Another research done by Miller (1998) shows that not only problems are found by cooking, but 

also during the collection and processing of these fuels. Table ten shows these problems/ 

diseases.  

Health effects of cooking with fuel wood 

Stage in fuel 
cycle 

Activity Possible health effects 

Collection Gathering fuel 
Trauma; reduced infant/child care; bites from venomous snakes, spiders, 

insects; allergic reaction; fungus infections; severe fatigue; landmine injury 
or death 

Processing 

Preparing 
dung cakes 

Faecal/oral/enteric infections 

Charcoal 
production 

Carbon monoxide/smoke poisoning; burns/trauma; cataracts 

Combustion 

Smoke 
emission 

Conjunctivitis; acute respiratory infection (ARI) including pneumonia; cor 
pulmonale; adverse reproductive outcomes; lung cancer; increased infant 
morbidity/mortality; depressed immune response; chronic obstructive lung 

diseases (COLD) - chronic bronchitis, emphysema, asthma 
Toxic gases 

(carbon 
monoxide) 

Acute poisoning; low birth weight; increased stillbirths 

Heat emission Burns and scalds; cataracts 
Cooking 
posture 

Arthritis and related bone disease; back pain 

Table 10: Health hazards associated with biomass fuel collection and use (Adapted from Miller, 1998). 

 

As one can see many (health) hazards are caused by smoke and therefore a solution to the health 

problem is needed. The rocket stove produces a nearly smokeless fire and therefore could be a 

solution for this problem. 
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TACARE stoves are mainly found in the villages stipulated in Table two. As one can see in this 

research in other villages they can be found, but the JGI is not implementing them currently, so 

numbers are low in these villages (Kalalangabo, Kalinzi, Mwakizega and Zashe). Apparently these 

stoves were adopted spontaneously by the village families.  

Several households are using both the TACARE stove and the three stone stoves. It would be 

interesting to know if they use both stoves for specific purposes, but in this research no 

differentiation was made between the uses of the stoves. But, to know this could be useful for the 

implementation of other stoves. For example the three stone stove also serves as a light source 

whereas the TACARE stove does not. So if one wants to replace the three stone stoves one should 

find a stove which also takes on the role as light source or alternative light sources need to be 

found (Bhatt and Sachan, 2004; Makame, 2007). As was stated before no question was asked to 

the villagers relating to the use of the stoves as a light source. Due to this no specific number can 

be given to the amount of persons using an open fire (three stone stove) for lighting. People 

leaving a fire to burn for a prolonged time period increase their fuel wood consumption. Therefore it 

could be very interesting to see how much extra fuel wood an oven uses, when it also functions as 

a light source. 

 

5.5.  Other energy sources 

In the Kigoma region several other energy sources are already being used. In Gombe National 

Park Kerosene is being used since collection of fuel wood has lead to a decline of forest in the First 

100 meters from the beach (Collins, Personal communication, 2009). In this research only one 

person was found who also uses Kerosene for cooking. This was a primary school teacher in 

Kasuku, who was able to buy the Kerosene from Kigoma with his salary. The majority of the 

villagers do not have a steady income and therefore Kerosene is not a suitable replacement for fuel 

wood in this region.  

 

Another option in the more urban areas of the Kigoma region is the use of an indirect fuel wood 

source such as sawdust from timber companies. At the bigger sawmills in Kigoma they sell one 

sack of sawdust for 1000 Tsh. The sawdust however is not used primarily for cooking, it is also 

used as base material in henhouses and as erosion control measure in agriculture. There is not 
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enough sawdust available to be a proper replacement for fuel wood, but it is a small step in the 

right direction. 

 

In the Northern part of the Kigoma region coffee is the major cash crop. In the village of Matyazo a 

coffee cooperative has a processing plant, where they remove the husks from the beans. These 

husks can be used as agricultural manure, compost and as a fuel wood. According to Sustainable 

Harvest (the organization that buys the coffee beans from the cooperative) 1400 tonnes of beans 

are processed there per year and the curing loss (amount of husks removed from the bean) lies 

between 10 and 20% (Edens, personal communication, 2009). According to the head of the 

agricultural section of the JGI, A. Kingu (personal communication, 2009) the curing loss in the 

Kigoma region is 17%. So as one can see 17 percent of 1400 tonnes gives the cooperative a huge 

amount of husks (238 tonnes) which they can sell or use as a fuel. 

 

Solar cookers have been mentioned as a replacement for the current stoves, however they do not 

function that well in the field as the companies are claiming. The red dust is a problem causing the 

solar panels to lower the amount of sunlight they reflect to the pot. As a result the cooking time 

increases severely (Kuhne et al. 1990). Another research by Gitonga (1995) gives the following 

reasons for the ineffectiveness of the solar cookers: 1) it can never completely replace other 

cooking systems; 2) it cannot cook certain preferred and common foods; 3) it can only be used at 

times of sufficient insolation; 4) it requires radical changes in the way cooking is perceived, 

especially with regard to common perceptions of the kitchen and the cooking hearth, and cannot 

cook quickly; 5) the stoves currently promoted cannot cook for the number of people for whom food 

is frequently needed; 6) it is at present too expensive to offer to poor communities.  

Some of these problems have been solved over the years, but some still exist. Since there is not 

always sun an integrated cooking approach is needed. Solar Cookers International (SCI) calls this 

the integrated cooking method. In this method the solar cookers are used in conjunction with fuel-

efficient stoves and heat retention devices (sometimes called hay baskets) to cook food and 

pasteurize water with a minimum of fuel. By using the sun when possible, and supplementing with 

fuel-efficient cooking technologies, fuel wood consumption and subsequent deforestation around 

the world can be reduced (SCI, 2010). 

 



TACARE villages and fuel wood consumption; How can we make it more sustainable? 2010 
 

31 Van Hall- Larenstein University of Applied Sciences 

 

Bio fuels are another option. Not only from animal dung, but also from household waste biogases 

can be created, which can serve as an energy source for households. However more research is 

needed on the possibilities and costs of this production in the Kigoma region. In Kalinzi Solar 

CITIES co-founder T.H. Culhane is working with fellow National Geographic Emerging Explorer 

Grace Gobbo (JGI) on creating biogas from waste. However, I am currently unaware of the 

proceedings of this work. 
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6. Conclusion 

The goal of this research was to see what the fuel wood usage is in the TACARE villages and 

which sustainable solutions can be implemented to lower the consumption. To get to this several 

sub-questions were formulated. In this chapter the answers to these questions and the research 

question, which can be found in previous chapters, will quickly be summarised. 

 

6.1. Household size 

First of all with a household size of ±6 persons per household I can say that this is a relative 

standard number and no specific outliers were found. However some structural problems may 

apply, since a standardized number for the amount of household interviews was used and bigger 

villages were not interviewed more, so this could lead to a skewed view of the household size. 

Therefore I must state that this data should be taken with some precaution, although this 

percentage concords with the general picture in the region. 

 

6.2. Stoves and efficiency 

Only four types of stoves were found in this survey. With the “three stone” stove being the most 

prevailing type of stove (386 stoves were found) compared to the second most abundant fuel 

efficient TACARE stove (80 stoves).From the last two stove types only very small numbers were 

found. In a small research done by the JGI they already calculated that the TACARE stove is a 

significant improvement over the three stone stove, since it halved the fuel wood consumption. This 

research is more conservative and showed that the consumption is only lowered with 

approximately 1/3 of the average weight. In this research the “three stone” stove was the least 

efficient stove with an average consumption of 9,12kg per household per day. The TACARE stove 

was much more efficient (6,76kg), but most of the times it was only used together with the “three 

stone” stove, leading to an increase in consumption to 7,68kg. The other two stoves (metal and 

rocket) were combined to one group and they used on average 8.20kg, but since the metal stove is 

mainly used for charcoal and the rocket stove is still being developed these stoves should at this 

time not be considered. So with a reduction of 2,36kg the TACARE stove is already a big 

improvement in the region, but more efficient are available and could be even more effective in the 

region. Further tests are needed to see whether this type of stove can work in the Kigoma region 

and will reach the promised reduction of fuel wood use also in practice. 
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6.3. Direct and Indirect wood fuel consumption 

Direct sources are mostly used in the Kigoma region, but indirect sources are available. Waste 

materials such as sawdust are being used as a fuel, but still on a very low scale: the small 

quantities available are still under-utilised. Therefore it is important that these indirect sources are 

being promoted to decrease the direct wood fuel consumption. 

 

6.4. Fuel wood consumption related to other regions 

The figures of fuel wood consumption, found in this research (on average 3289kg/household/year), 

are quite similar to data found in other parts of Tanzania, Africa and Asia. Some regions in Asia are 

using more fuel wood, but this is probably caused by the heating needs of the households. 

Zimbabwe was one of the outliers with an average number of ±7000kg per household per year. 

This is caused by the availability of wood. It is commonly known that people use more when it is 

easily accessible. Since fuel wood is not readily available in the Kigoma region and the collection 

time is approximately 2.6 hours the consumption is lower than in countries such as Zimbabwe. 

 

6.5. Fuel wood consumption and sustainable solutions 

On average the fuel wood consumption per household per year was 3289kg. However it still can be 

much more efficient. If all households switch to another stove numbers could drop significantly. For 

instance with only TACARE stoves the number could become 2467kg and with only rocket stoves 

an estimation of the consumption per year lies around 1650kg per household per year. This is an 

ideal picture, but this cannot be reached, so therefore compromises must be made and these 

efficient stoves should be implemented to reduce the above mentioned consumption of 3289kg. 

Other options are using waste materials for energy production, such as the coffee husks from 

Matyazo, oil palm waste from for example Ilagala and sawdust from Kigoma. Most of these 

solutions are on a small scale, but every small step in the right direction is positive.  

An additional energy replacement is the use of hydropower and geothermal power, but these could 

be expensive solutions and more research is needed to see whether they can be implemented in 

the Kigoma region. It must be noted that these solutions which have to be initiated by the state or 

by private enterprises. 
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7. Recommendations 

Several solutions are possible to decrease the fuel wood consumption in the working area. This 

research has shown that the fuel wood consumption already decreased with the use of the efficient 

TACARE stove, therefore with the use of another more efficient stove the consumption can 

decrease even further. Since there are already efforts for the implementation of the rocket stove I 

would suggest that we expand this implementation effort. However additional research regarding 

the suitability of the rocket stove in the TACARE villages is needed to see whether the stove is as 

efficient in the field as it is in artificial conditions. The small scale research done by the Dartmouth 

students is not enough to conclude that the rocket stove will have a huge impact on the fuel wood 

consumption in all TACARE villages. 

 

A different option is the use of other energy sources. Several different options are presented in 

chapter 5. In the Matyazo region I would suggest that in the months that coffee husks are available 

they are promoted throughout the area in order to decrease the fuel wood consumption in these 

villages.  Schulte-Bisping et al. (1999) believe that a transition to renewable energy sources (hydro- 

power, solar, wind, geothermal as well as bio-fuels) produced in a sustainable manner seems to be 

the only way to lower the current deforestation rate in the world. Therefore it is important to look 

into these energy sources for a possible implementation in the Kigoma region. Both solar and wind 

power are too expensive to implement on the scale needed in this region. Companies can use 

solar panels or small windmills, but to supply energy for the whole of the Kigoma region big 

investments are needed and these will not be made since fuel wood is cheaper. Hydropower 

however is a possible, communal replacement. In Tanzania wind energy is mainly used to pump 

water for irrigation and for domestic and livestock watering purposes (Kassenga, 1997). The 

Government of Tanzania intends to expand the country’s energy system and is looking for 

alternative sources of energy. Currently, the national power system mostly relies on hydropower. A 

long period of drought between 2003 and 2006 led to shortfalls in the electricity supply from the 

hydropower stations. The power shortage was caused due to the fact that generation by 

TANESCO (Tanzania Electric Supply Company Limited) depended on hydro by almost 90% and on 

thermal generation by only 10%. This generation pattern was switched to 30% dependence on 

hydro and 70% on thermal due to the dwindled water inflows into the dams. As a consequence of 

the cost-intensive thermal power generation TANESCO increased the power tariffs. The country's 
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hydro potential capacity is estimated to be more than 4500 MW, of which about 330 MW (which is 

7.3%) was exploited in 1997. Most of the potential involves schemes of more than 2 MW, but some 

1000 GWh/year is believed to rely on plants with installed capacity less than 2 MW, which is 

designated as micro-hydro (Kassenga, 1997). However, only 5% of the micro-hydro potential has 

been exploited so far (Salvasen, 1994).  

 

Geothermal power generation is considered as one opportunity to contribute to the stabilization of 

energy supply and energy prices. Thus, the Ministry of Energy and Minerals of Tanzania (MEM), 

the Geological Survey of Tanzania (GST) and the German Federal Institute for Geosciences and 

Natural Resources (BGR) initiated the project “Geothermal as an Alternative Source of Energy for 

Tanzania” (BGR, 2010). Another research by Salvasen (1994) showed that the geothermal 

resources have an estimated potential of about 650 MW. Tanzania is endowed with a large 

geothermal potential which has only been explored to a limited extent so far, so further research is 

need to see whether geothermal power generation is a possible solution in the Kigoma region.  

 

Furthermore the role of oil palm in the project villages could be expanded. Currently an 

organisation in Kigoma called “FELISA farming for energy” is working on the production of bio fuels 

from Oil palm. However they suggest that the waste materials coming from the oil palm can be 

used as an energy source in the Kigoma region. Besides burning it you can ferment the waste and 

change it into a biogas which can run turbines when under pressure. 

However more research is needed on this subject and another method of community involvement 

has to be found. Currently they are having problems with getting the communities involved in the 

rather difficult conversion of their oil palm into bio fuels (Byejwe, 2009). So therefore you can not be 

certain that this is a suitable solution or replacement for fuel wood. 

 

In the discussion already a solution for the charcoal production was mentioned with the 

implementation of a steel kiln.However, such an easy to build and movable kiln can be dangerous, 

since more charcoal can be produced which can lead to a further decrease of the forest and 

therefore caution should be taken when and where implementing this. 
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Finally I would like to say that I looked into several sustainable solutions which can be found above, 

but for most of these solutions it is still unsure whether they could play a big role in the reduction of 

fuel wood consumption in the Kigoma region. So I would suggest that further research is needed 

beforehand to see whether some of these solutions are possible! 
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ANNEXURES 



Annexure 1: Tree species planted by GGE - TACARE 
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Khaya anthotheca (xx)   X x     x  x x  

Spathodea campanulata 

(xx) 

  X x       x x  

Sapindus saponaria (xx)     x      x x  

Afzelia quanzensis           x x  

Dalbergia mellanoxyllon          x  x  

Albizia chinensisia  x  X          x 

Albizia lebbek           x   

Acrocarpus fraxynifolius 

(*) 

x  X    x      x 

Ficus natalensis (xx)    x          

Delonix regia           x  x 

Grevillea robusta (*)              

Calliandra callothyrsus   X    x  x    x 

Acacia tortilis x  X    x  x   x  

Acacia nilotica x      x  x   x  

Tamarindus indica     x  x     x  

Tectona grandis  x     x      x 

Leucaena diversifolia x             

Syzygium cumnii     x  x      x 

Maesopsis eminii (xx) (*) x x     x     x  

Gmelina arborea   X          x 

Pterocarpus angolensis 

(Pr) 

 x     x     x  

Azedratchta indica       x x   x  x 

Melia azedratcta x            x 

Mangifera indica     x         

Milicia excelsa (xx)  x  x        x  

Psidium guajava     x        x 



Cassuarina`equitisetifoli

a (*) 

x x X          x 

Trichelia emetica (xx)  x  x  x      x  

Annona squamosa              

Pithellobium dulce x      x      x 

Cuppressus lusitanica (*)  x    x       x 

Persea americana 

(Avocado) 

    x x     x  x 

Schinus molle       x    x  x 

Jacaranda mimosifolia x         x   x 

Acacia polycantha    x       x x  

Pinus patula (*)  x           x 

Senna siamea x x         x  x 

Warbargia salutaris  x      x    x  

Artemisia annua        x     x 

Sterculia africana (xx)    x   x     x  

Cedrella ordorata  x      x     x 

Cedrella serrulata  x      x     x 

Citrus lemon     x        x 

Citrus laurantifolia     x        x 

Artocarpus heterophylla     x        x 

Citrus reticulata     x        x 

Dates      x        x 

Cordia abbyssinica  x  x        x  

Croton megallocarpus    x       x x  

Dovyalis caffra      x   x   x  

Faidherbia albida   X   x   x   x  

Markhamia lutea  x          x  

Markhamia obustifolia  x      x     x  

Moringa oleifera       x x     x 

Peltophorum 

pterocarpum 

      x      x 

Sclerocarya birrea    x x       x  

Zanthoxyllum challybium    x    x    x  

Varieties of ornamental           x  x 



plants  

Terminalia mantaly              

Terminalia cattapa  x   x      x  x 

Terminalia superba (*)  x         x  x 

Vanguela enfausta     x       x  

Syzgium cordatum   X  x       x  

Newtonia buchanani (xx)  x  x        x  

Erythrina abyssinica    x        x  

Acacia mearnsii x            x 

Balanites aegyptica     x       x  

Bauhinia thoningii              

Azanza garkeana   X         x  

Parkinsonia aculeata        x     x 

(Courtesy of A. Kashula, JGI Staff) 



Annexure 2: Questionnaire 

1. GENERAL DATA 

Questionnaire number    Date     

        

Village   Age     

Name of interviewee     

Current Job of Interviewee   Origin     

         

1. Number of persons eating meals in the home     

Repeat the count in order to refine the data     

Adults   Children   Total     

(Over 15 years of age)       

         

2. How many times are you cooking (a meal) per day?     

Meals:         

        

3. What do you use for cooking food or washing/ ironing clothes?    

Fuelwood               

Charcoal         

Kerosene         

Diesel         

Electricity         

Other         

        

4. What were you using for cooking 5 years ago?    

Fuel wood               

Charcoal         

Kerosene         

Diesel         

Electricity         

Other         

         

2. FUELWOOD 

  

 

 

      



5. For what purposes do you use fuel wood?     

Preparation of food         

Boiling drinking water         

Heating bath water         

Washing clothes         

Preparing animal feed         

Other         

         

6. How do you acquire the fuel wood you use in the home?    

Purchase         

Gather         

Both         

        

7a. Do you have difficulty in obtaining fuel wood?     

No        

Yes           

              

7b. If yes, what kind(s) of difficulty?      

     

         

2.1 PURCHASES             

1. From what source do you buy fuel wood?     

Trader         

Private source         

Both         

Other         

         

9. How often do you buy fuel wood and how much do you buy each time? 

Check for correspondence with size of family   

How often Amount Local unit for fuel wood   

Every ______ days       

(daily=every day, weekly=every 7 days, monthly=every 30 days) 

         

10. How much does fuel wood cost? 

Price  Local unit for fuel wood   

              



         

2.2 GATHERING             

         

11. Who fetches fuel wood most frequently? Man     

Tick one box only    Woman     

     Children     

         

12. Who owns the land you get fuel wood from? Private   

     Communal   

     You rent the land   

     State   

     Other___________________   

         

13. From what type of land you get most of your wood? Forest   

State no more than three   Woodland   

     Agricultural plantation   

     Other___________________   

         

14. How far is your source of fuel wood?     Hours   

         

15. How often do you go to fetch fuel wood? 

Check for correspondence with size of family     

How often Amount Local unit for fuel wood   

Every ______ days       

(daily=every day, weekly=every 7 days, monthly=every 30 days) 

              

16. How is the fuel wood carried? 

  Donkey/horse       

  Cart/ Bicycle       

  Manually by head       

  Pick-up       

  By boat       

  Other___________________         

17. How do you obtain the fuel wood? 

  Cutting branches/dead      

  Cutting branches/green      



  Cutting stems/dead      

  Cutting stems/green      

  Gathering from ground      

  Cutting tree + leave to dry      

         

2.3 FUELWOOD CONSUMPTION         

18. How many days in a month do you use fuel wood?   days/month 

Ask to set aside an amount of fuel wood such as used in a normal weekday 

19. Weight of fuel wood used in one day   kg   

     Bundle  

Ask to be shown stove       

20. Type of stove 

  “Three stones”      

  Traditional enclosed      

  4 blocks with metal net      

  TACARE Stove      

  Metal Stove      

  Other___________________      

         

3. Charcoal 

        

21. For what purposes do you use charcoal?     

Preparation of food         

Boiling drinking water         

Heating bath water         

Washing clothes         

Preparing animal feed         

Other         

         

22. Who do you usually buy your charcoal from?     

Trader         

Private source         

Both         

Other         

  

 

       



23. Where do you buy charcoal?      

At the home of the interviewee        

At the market        

At the home of the vendor        

Other______________________           

              

24. How often do you buy charcoal and how much do you buy each time? 

Check for correspondence with size of family   

How often Amount Local unit for charcoal*   

Every ______ days       

(daily=every day, weekly=every 7 days, monthly=every 30 days) 

     (* Tin/Sack etc.)   

25. How much does charcoal cost? 

Price  Local unit for charcoal    

              

         

26. Is the charcoal you buy of good quality?      

Yes         

No         

         

27. Give reasons for saying so:       

         

         

4. PERCEPTIONS ON USE AND SUPPLY OF FUELWOOD AND CHARCHOAL  

28. Is there anything you object to in using fuel wood and charcoal?     

  YES       

  NO       

29. If “Yes”, what is it that you object to? 

I object to 

         

30. If a more efficient stove is provided would you use it? Give reasons for saying so. 

  YES       

  NO       

Reasons:   

             

 



THANK YOU 

END OF QUESTIONNAIRE 

COMMENTS OF ENUMERATOR 

  

 



Annexure 3: Population sizes in TACARE villages 

No. Village Population size (#) Household 

# 

Mean 

farm 

size 

(acres) 

    Male Female total     

1 Mukigo 2.420 2.632 5.052 782 6,5 

2 Nyarubanda 3.405 3.788 7.193 1.127 6,4 

3 Kalinzi 3.466 4.023 7.489 1.079 6,9 

4 Mkongoro 3.239 3.777 7.016 982 7,1 

5 Bitale 3.153 3.691 6.844 1.203 5,7 

6 Bubango 2.474 3.034 5.508 856 6,4 

7 Chankele 1.129 1.329 2.458 373 6,6 

8 Sunuka 2.569 2.755 5.324 798 6,7 

9 Ilagala 5.682 5.741 11.423 2.051 5,6 

10 Mwakizega 5.540 5.935 11.475 1.951 5,9 

11 Kaseke 3.925 4.157 8.082 1.428 5,7 

12 Nyamoli 1.337 1.418 2.755 458 6 

13 Kasuku 2.458 2.838 5.296 865 6,1 

14 Simbo 3.028 3.297 6.325 1.155 5,5 

15 Mgaraganza 2.870 3.305 6.175 1.019 6,1 

16 Kagongo 1.651 1.714 3.365 590 5,7 

17 Mtanga 2.081 2.144 4.225 582 7,3 

18 Kigalye 1.180 1.327 2.507 377 6,6 

19 Kalalangabo 546 549 1.095 176 6,2 

20 Kiziba 3.718 3.923 7.641 1.121 6,8 

21 Bugamba 1.777 2.005 3.782 562 6,7 

22 Mwamgongo 2.099 2.351 4.450 695 6,4 

23 Kagunga 3.779 4.051 7.830 1.264 6,2 

24 Zashe 2.623 2.922 5.545 849 6,5 

                     TOTAL 66.149 72.706 138.855 22.343 6,3 

Source: Tanzania Population and Housing Census, 2002. Bold villages are the villages in 

which this research took place. 

 



Annexure 4: Fuel Saving Stoves research TACARE 

Village Sub village Households 
with fuel 
saving 
stoves 

Households 
using  
Fuel saving 
stoves 

No. of 
stoves that 
are out of 
use or 
broken 
down/ 
House hold* 

Fuel wood consumption 
(bundles of fuel wood) 

     Prior 
stoves 
application 

Post 
application 

Mgaraganza Kagina 13 6 7 2 1 

Mgaraganza 7 2 5 2 1 

Mrati 7 4 3 2 1 ½  

Katombo 8 - 8 2 1 

Msela 1 1 - 4 2 
Total 36 13 23 12 6 ½   

      

Bugamba Matyazo 16 15 4 3 1 ½  

Misonga 1 1 1 4 2 

Kalulu 46 42 16 3 2 

Mwitanga 1 1  2 1 

Kihangwe 14 12 3 3 1 
Total 78 71 24 15 7 ½   

      

Mtanga Mtanga A 34 33 14 7 3 

Mirumba 34 30 25 4 2 

Kizuka 27 27 10 5 2 

Kazinga 27 26 17 4 3 

Ngelwe 25 25 24 5 2 

Mtanga B 35 35 29 6 2 
Total 182 176 119 31 14 

 Grand 
Total 

286 273 166 58 28 

*= Some stoves have been repaired and therefore are recorded in both columns.  

  
An example of the TACARE stove. An simple closed fire stove. Depending on the 
needs it can be made for one, two or three pots. 
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