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ABSTRACT 

 

Wood scarcity remains the main challenge for many rural households who still rely on natural 

resources for energy needs.  This study aimed to investigate the relationship between fuel 

use and quality and quantity of fuel in two rural villages (Ongulumbashe and Onaitembu) in 

the Omusati Region of Namibia.  It investigated the impact of fuel quality and quantity and 

the corresponding sales of firewood on households’ energy consumption. 

 

Data was collected between April and June 2012 from the two villages by means of 

questionnaire surveys, biomass assessment and laboratory assessment.  Interviews were 

conducted with seventy-seven households, four firewood sellers, government officials, and 

local leaders.  The study quantified the amount of fuelwood consumed and collected per 

household per week using user-recall and physical measurement, respectively.  The most 

preferred fuel species or fuel materials were identified and their physical properties, calorific 

value, moisture content, ash content and density were measured under laboratory 

conditions.  

 

Differences between the two villages in terms of fuelwood collected and consumed were 

found.  Due to wood scarcity households from Onaitembu village used other alternatives 

(buying fuelwood and cutting live firewood) rather than collecting dead firewood.  The study 

found a link between fuelwood use, quality and quantity, with households changing their 

consumption and harvesting based on season, fuelwood demand and availability of 

fuelwood.  The average weekly fuelwood consumption per household ranged from 66 kg to 

79 kg for a firewood abundant area and from 59 kg to 67 kg for an area with a shortage of 

firewood.  

 

Mopane was the most preferred species due to its ability to burn efficiently and its 

abundance.  Wood scarcity affected households economically, culturally and nutritionally.  

The study found that households in degraded areas spend an average of N$ 50 per week on 

fuelwood, and many households depended on government grants and small cash income 

activities.  The study found that the government, through the Ministry of Agriculture, Water 

and Forestry, is trying to improve rural households’ energy use by constructing firewood 

outlets. 
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The study concluded that there is a high level of illegal trade in firewood that will require 

government to increase the number of staff in the region as well as to strengthen its policy on 

cross-border trading.  There is an imbalance in fuel species use in areas of rich biomass and 

over-utilization of resources in degraded areas.  These require the Directorate of Forestry to 

educate the community about the value of other possible fuel species and the impact of 

harvesting live firewood on households’ livelihood and on the environment.   
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OPSOMMING 

 

Houtskaarsheid bly die grootste uitdaging vir baie landelike huishoudings, wat nog steeds 

staatmaak op natuurlike hulpbronne vir energie behoeftes.  Hierdie studie het gepoog om die 

verhouding tussen brandstof gebruik en kwaliteit en kwantiteit van brandstof in twee 

plattelandse dorpies (Ongulumbashe en Onaitembu) in die Omusati-streek van Namibië te 

ondersoek.  Die impak van brandstof kwaliteit en kwantiteit en verkope van brandhout op 

huishoudings se energie gebruik is ondersoek. 

 

Data is ingesamel in April en Junie 2012 in die twee dorpe deur middel van vraelys 

opnames, biomassa assessering en laboratorium ontledings.  Onderhoude is gevoer met 77 

huishoudings, vier brandhoutverkopers, regeringsamptenare, en plaaslike leiers.  Die studie 

het die hoeveelheid vuurmaakhout verbruik en versamel per huishouding per week 

gekwantifiseer deur gebruik te maak van gebruikergeheue en fisiese meting van 

vuurmaakhout.  Die mees gewilde brandstof spesies of brandstof materiaal is geïdentifiseer 

en hul fisiese eienskappe, kaloriewaarde, voginhoud, asinhoud en digtheid is onder 

laboratorium toestand gemeet.  

 

Verskille tussen die twee dorpe in terme van brandhout versamel en verbruik is gevind.  As 

gevolg van houtskaarsheid gebruik huishoudings in ONA ander alternatiewe energiebronne, 

soos om brandhout te koop of om vars hout te saag, in plaas van om dooie hout te versamel.  

Die studie het ‘n skakel gevind tussen brandhout gebruik en die gehalte en hoeveelheid wat 

beskikbaar is.  Huishoudings het hulle brandhout verbruik aangepas by die seisoen, 

aanvraag en beskikbaarheid van brandhout.  Die gemiddelde weeklikse brandhout verbruik 

per huishouding het gewissel tussen 66 kg tot 79 kg vir 'n area met ‘n oorvloed van 

brandhout en  59 kg tot 67 kg vir 'n gebied met 'n tekort aan brandhout.  

 

Mopanie was die mees gewilde spesie as gevolg van sy besikibaarheid en vermoë om 

doeltreffendheid te brand.  Houtskaarstes beinvloed huishoudings op ekonomies, kulturele 

en voedings vlakk.  De studie het bevind dat huishoudings in ’n area met ‘n houtskaarste 

gemiddeld N$50 per week spandeer om brandhout te koop en dat baie huishoudings 

afhanklik is van  staatstoelaes en klein kontant inkomste-aktiwiteite.  Die studie het gevind 

dat die regering, deur middel van die Ministerie van Landbou, Water en Bosbou, probeer om 
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landelike huishoudings se energie gebruik te verbeter deur die bou van brandhout 

afsetpunte.  

 

Die studie het tot die gevolgtrekking gekom dat daar 'n hoë vlak van onwettige handel in 

brandhout is wat sal vereis dat die regering die aantal amptenare in die streek moet 

vermeerder en sy beleid rakende handel oor landsgrense heen moet verbeter.  Daar is 'n 

wanbalans in die gebruik van brandstofspesies in 'n gebied met baie biomassa, en 

oorbenutting van hulpbronne in gedegradeerde gebiede.  Die Direktoraat van Bosbou moet 

die gemeenskape oplei oor die waarde van ander moontlike brandstofspesies en die impak 

van die oes van lewendige bome op huishoudings se lewensbestaan en op die omgewing.  
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CHAPTER ONE 

 

INTRODUCTION 

 

 

1.1 General introduction 

Biomass remains the major source of energy for cooking, heating and lighting in developing 

nations.  According to WEO (2012), until 2010, around 2.6 billion people, mainly in 

developing nations, still relied on traditional use of biomass for cooking and heating.  WHO 

(2006) reported that more than 3 billion people depend on solid fuels (include biomass such 

as wood, dung and agricultural residues, and coal) to meet their most basic energy needs.  

Poor and vulnerable rural household choose wood for energy sources because of its social, 

economic and environmental efficiency (Kratzer, 2003; Arnold et al., 2003). 

 

 

1.2 Problem statement  

Wood (fuelwood) scarcity especially in developing countries continues to increase annually 

as a result of deforestation.  FAO (2011) reported a world forest cover declined of 13 million 

hectares between 2000 and 2010.  Though some countries reduced their deforestation 

rates, it still remains a challenge in developing continents, including Africa and South 

America, with Africa losing about 3.4 million hectares of forests in this time period.  

 

According to Kojwanga (2000), Namibia lost about 100,000 ha of forest and woodland cover 

during the period of 1981-1992.  Zeider (2010) reported the country lost an average of 

72,900 ha per year between 1990 – 2000.  Such a decline resulted in a shortage of wood 

resources in North Central Namibia (Selanniemi et al., 2000).  Kreik (2001) concluded that 

the most affected areas in the North Central Namibia are populated areas, villages in the 

Cuvelai basin (flood plain), grassland and open woodland areas as well as peri-urban areas.  

Moreover, the Northern Central area of Namibia has the highest reliance on wood for energy 

in Namibia, with the Omusati and Ohangwena regions reporting a 95% household 

dependency on fuelwood (CBS, 2008).  

 

Changes in forest cover, and higher reliance of poor rural households on biomass for 

livelihood require the introduction of alternative energy sources that could address energy 
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shortage among rural households.  This can only be done if the households’ fuelwood use, 

and quantity and quality of fuels are known.  Limited information is available on the 

abundance and quality of fuel species as well as the relationships that exist between fuel 

use and availability/quality (Dovie et al., 2004).  Selanniemi et al. (2000) reported on lack of 

information regarding the Namibian forest resources and the quantity and quality of biomass 

at all levels.  It is for this reason that this study aimed to investigate the relationship that 

exists between fuelwood use, quality and quantity of different fuel species used in rural 

households in Namibia.  

 

 

1.3 Rationale of the study  

The aim of this study is to investigate the correlation between fuelwood use and fuel quality 

and quantity.  The outcome of the study will help policy makers in adjusting and formulating 

regulations that will help in matching the planning approaches to the current situation.  Such 

approaches include programmes to promote local fuel materials into market as well as 

adding value to local fuel materials.  Furthermore, it can also address other socio-economic 

challenges among rural communities such as unemployment and poverty. 

 

 

1.4 Scope of the project 

In Namibia, rural households are the biggest wood users (NPC, 2007).  This study is limited 

to two selected villages, Ongulumbashe and Onaitembu, both in the Omusati Region of 

North-Central Namibia.  The two areas were selected based on set criteria as outlined in 

Chapter Three.  

1.5 Objectives and key research questions 

The main objective of this study is to investigate fuelwood use and its correlation with quality 

and quantity of energy use in rural households’ level.  The following are the specific 

objectives of the study:  

1. Assess the fuelwood biomass in two selected study areas.  

2. Identify the most popular fuel species used in the study sites.  

3. Measure the physical properties of different local fuel materials.  

4. Determine impacts of fuel quality and quantity on rural households’ energy use.  

5. Determine income spent on, and generated from fuelwood sale at household levels.  
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The following key research questions were developed to address the above-mentioned 

objectives: 

1. How does biomass harvesting affect rural households’ energy use?  

2. Does fuel quality and quantity have an effect on rural households’ energy use?  

3. How much income is generated from the sale of fuelwood, and how much do 

households spend on fuelwood in rural households?  

 

 

1.6 The structure of this thesis 

The thesis is structured as follows:  

 Chapter 1 introduction and overview.  

 Chapter 2 a literature review of the study.  

 Chapter 3 deals with the study areas, methodology, data collection and analyzing.  

 Chapter 4 presents research results.  

 Chapter 5 discusses the results in detail.  

 Chapter 6 concludes the findings and makes possible recommendations for policy 

makers in Namibia.  
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CHAPTER TWO 

 

LITERATURE REVIEW 

 

 

2.1 Namibia background 

 

2.1.1 Geographical features  

Namibia lies in the southern part of the African continent and covers a total surface area of 

825,418 square kilometres.  The geographical coordinates of the country are 22° South 

latitude and 17° East longitude.  Namibia is a coastal country, with the coastline extending 

about 1,572 km from north to south.  The country is bordered by five countries namely 

Angola in the north, South Africa to the south and southeast, Botswana and Zimbabwe in 

the east and Zambia on the northeastern border.  In the northeast, there is a narrow 

extension of land, the Caprive-Strip, which connects Namibia to Zambia and Zimbabwe.  

The country is divided into three main ecological zones: the Namib Desert to the west, the 

Kalahari Desert to the east and the Central Plateau that covers 10%, 20%, 70% of surface 

areas respectively (Hecht, 2010).  

 

2.1.2 Natural conditions and vegetation distribution 

The Namibian climate is characterized by arid to semi-arid conditions.  The country receives 

an average annual rainfall of between 390mm and 600mm.  Namibian farming systems are 

dominated by livestock production (Kuhnhenn, 2003).  Due to poor climatic conditions, the 

country experiences low and unpredictable annual rainfall, soil infertility and a high rate of 

evapo-transpiration.  

 

The country’s forest and woodland areas cover 10% and 50% of the country’s area surface 

(825,418 km2), respectively, while shrub-land and desert area covers the remaining 40%.  

About 4,000 plant species have been identified in Namibia, of which 10% are woody trees 

(Mendelsohn and Obeid 2005).  The vegetation distribution is poor and varies from place to 

place, with more woody trees concentrated in the eastern and part of north-central areas 

(Selanniemi et al., 2000).  Namibia has a poor vegetation growth rate due to infertile soils, 

harsh climate, wildfires and human activities (Mendelsohn and Obeid 2005).  

 

2.1.3 Rural poverty and energy outlook for Namibia  

Namibia is a lower-middle income country, which faces numerous socio-economic 
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challenges such as poverty, high rate of unemployment, inadequate capacity, low levels of 

industrialization, inadequate economic growth and the “Human Immunodeficiency Virus and 

Acquired Immune Deficiency Syndrome” (HIV/ and AIDS) pandemic (NPC, 2007).  

According to a CBS report (2008) about 90% of Namibian households fall below the poverty 

line, with 38.2% of rural households being poor.  Such challenges limit the access of 

vulnerable people to services such as improved energy sources, education, health facilities 

and infrastructures.  

 

Mendelsohn and Obeid (2005) reported 1,299,000 and 341,400 cubic metres (cm3) of wood 

is used for consumption and commercial productions respectively.  Mendelsohn and Obeid 

(2005) have further reported that the consumption of wood by households declined by 11% 

between 1991 and 2001, whilst paraffin, electricity and gas increased by 4%, 7% and 1% 

respectively.  Namibian wood users (rural households and vulnerable people residing in 

urban areas) are solely dependent on natural forests for their livelihoods (NPC, 2007).  

 

Namibia’s electricity generating capacity currently stands at 500MW, compared to the 

580MW demanded by households and industries (Nampower, 2012).  The country’s energy 

consumption is significantly higher than its production and it imports almost half of the 

consumed electricity from neighbouring countries such as South Africa and Zimbabwe 

(MME, 2008).  Due to a lack of resources and substandard turbine capacity, the national 

electricity utility (NamPower) increased its tariffs (Kisting, 2008), which considerably affected 

the lower and middle income users.  

 

 

2.2 Fuel availability and use in rural areas 

As wood resources continue to decline, it increases fuelwood scarcity which is already a 

problem in many rural communities.  This fuelwood problem1 or fuelwood crisis2 (Dang, 

1993; Dovie et al., 2004) has socio-economic and environmental impact, which threatens the 

livelihoods of poor rural households.  

 

2.2.1 Rural households’ accessibility to energy sources  

Access to fuelwood depends on resource availability.  In many rural areas, households 

                                                            
1 Dang (1993) defined fuelwood problem “as the excess of fuelwood demand over fuelwood 
supply’’ 
2 Fuelwood crisis defined as a “shortage in fuelwood supplies to meet households’ 
requirements and is manifest as an ever-increasing distance covered by rural households to 
obtain and harvest wood suitable for fuel energy” (Dovie et al., 2004). 
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sourced fuelwood from own farms, neighbouring farms and from surrounding woodland or 

forest (FAO, 2000).  Limited access to fuelwood, as a result of wood shortages, led to rural 

migration, prolonged collection times, and prompted the use of destructive harvesting 

methods as well as the use of alternative fuel materials such as cow dung (Erkkila, 2001; 

FAO, 2010b).  In North-Central Namibia, rural households adjacent to the Namibian-Angolan 

border mainly in Omusati, Oshana and partly of Ohangwena region sourced fuelwood from 

Angola, and also travelled from the open grassland of Omusati to the western region to 

source wood (Erkkila, 2001; Mapaure and Ndeinoma 2011).  Such problems are rare in 

other regions where there are plenty of wood resources such as the case of the Northeast 

region.  Erkkila (2001) indicated that only densely populated and flood plain areas are most 

affected by wood scarcity in north-central Namibia.  

 

The most common method used by households to collect firewood is picking dried wood 

from the ground (FAO, 2000).  In the case of fuelwood shortage, households use other 

methods such as digging out old stumps and tree roots as well as cutting green wood for 

firewood (Kreike 2001; Conroy, 1996). 

 

It has been reported that in developing countries, the limited access and higher costs 

associated with the use of modern fuel technologies have induced the use of local dry 

materials.  In many rural areas, households use dung, crop residues, twigs, and other local 

fuels for cooking, heating and lighting (FAO, 2010b).  In central Namibia, households 

reported using cattle dung, palm petiole, palm leaves, palm peduncle, palm leaf sheath, 

marula trunk and shells, and gas for cooking (Fujioka, 2009; Conroy, 1996; Kreike, 2001).  

Similarly, in Asia, when firewood is scarce, rural people reported shifting to other types of 

fuel such as crop residues, dung, grass and plant roots for cooking (Barnes et al., 1994).  

 

2.2.2 Rural households’ accessibility to improved and modern fuels sources 

Access to modern energy sources is influenced by household strategies and resources 

availability.  Due to higher initial costs associated with improved and modern sources, the 

poorest and most vulnerable (lower-class) households have limited access to modern 

energy forms compared to middle and upper classes (Shackleton et al., 2004).  In many 

countries, however, interventions were made to improve rural households’ income, such as 

implementation of micro-finance programmes (Gondo, 2010).  Namibia has implemented a 

similar programme, in the north central region, locally known as Koshi yomuti – meaning 

banking under the tree which reportedly works well for some individual rural households 

(Kalle and Polzin, 2006).  Ma (2011) stated that micro-finance improves rural households’ 

lives and at the same time encourages households to use improved energy sources.  
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2.3 Fuelwood characteristics and quality 

The selection of fuel wood should ideally depend on physical and chemical properties.  

However, in an environment where wood is scarce, users might have no preferences for 

quality, but rather use any available flammable materials.  

 

It has been reported that wood properties that affect combustion behaviour include calorific 

value (CV) or heating energy, density and moisture content (MC).  These three are physical 

properties of wood and their effects on combustion have been investigated in several 

studies.  Apart from these properties, the ash content (AC) is also reported to have an effect 

on fuelwood quality (Munalula and Meincken, 2009; Masekoameng et al., 2005; Pettersson 

and Nordfjell; 2007).  Masekoameng et al. (2005) stated that heating value or amount of heat 

created by a fuel is the most important characteristic that determines fuel quality.  Munalula 

and Meincken (2009) for example studied the properties of five different types of fuel wood in 

the Western Cape of South Africa, the results showed that the CV ranged from 18.678 to 

19.030 MJ/kg, while the AC recorded between 0.34 to 2.79%.  

 

Calorific value is reported to change with tree age.  Pettersson and Nordfjell (2007) 

examined the fuel quality of logged residues and young trees.  The study revealed higher AC 

and lower CV in younger trees, and in hardwoods compared to softwoods.  Apart from tree 

age, these properties are also affected by species and environment conditions (Pettersson 

and Nordfjell 2007; Munalula and Meincken, 2009).  Although CV is regarded as an 

important property, Munalula and Meincken (2009) recommended consideration of other 

elemental properties, such as ash content, when selecting fuelwood. 

 

A higher AC and MC lower the amount of CV or heat value in a fuel (Jain 1993).  About 15% 

of total available heat in a wood is used to evaporate moisture (Sajdak et al. 1981 cited in 

Jain 1993; Masekoameng at el., 2005), making MC the most critical factor affecting the CV 

(Pettersson and Nordtjell, 2007).  

 

 

2.4 Seasonal variation in fuelwood use 

In many rural areas, households reported changing their firewood collection and 

consumption according to annual seasons.  In Namibia, Conroy (1996) reported more green 

firewood was harvested during summer, piled and used when it is dry.  In Nepal, Webb and 

Dhakal (2011) reported more firewood collected during May before the farming activities 
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started. 

 

Dovie et al. (2004) found that the consumption of fuelwood is higher in winter (June – 

August), as more fuel was required for heating and boiling water for bathing.  Contrary, in the 

same study, some users indicated that more wood was used in summer compared to other 

seasons because of traditional events taking place that require more fuelwood.  

 

 

2.5 Implications of fuelwood use 

Over-utilization of wood resources and introduction of appropriate energy technologies 

(modern stoves and fuels) have both positive and negative impact on the environmental and 

social well-being of communities (Barnes et al., 1994).  Some of these impacts will be 

discussed below:   

 

2.5.1 Vegetation cover and Land-degradation 

Land degradation is defined as ‘temporary or permanent decline in the land production’ 

(Stocking and Murnaghan, 2001).  Population growth is considered a key factor causing loss 

of forest cover globally due to unsustainable agricultural practices, overgrazing and 

deforestation (Stocking and Murnaghan, 2001).  The high deforestation rate in Africa is 

mainly attributed to timber and charcoal production (Murdiyarso and Skutsch, 2006).  

 

In Namibia, Mapaure and Ndeinoma (2011) reported the decline in species composition and 

diversity in Omusati region due to over-utilization and uncontrolled harvesting of forest 

resources.  Dzioubinski and Chipman, (1999) reported the example of Nigeria where 

harvesting of fuelwood was unsustainable and contributed to deforestation rate of about 

400,000 hectares per year.   

 

2.5.2 Crop production 

Rural households are primarily relying on crop production to ensure food security3 as well as 

income generation.  They need to ensure higher crop production through improved soil 

fertility by the application of manure and crop residues (Sabiiti, 2011).  Burning of dung 

reduces soil fertility, lowers crop production, and reduces the associated income from crop 

                                                            
3 The term “food security” refers to households that have full access to sufficient and 

nutritious food. 
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sales.  According to Barnes et al. (2005), dung used as fuel in India would be worth US$800 

million per year if it could be used as fertilizer.  

 

2.5.3 Environmental impact  

Burning solid fuels in open fireplaces and using traditional stoves release pollutants such as 

carbon monoxide (WHO, 2006).  Harvesting of wood (including fuelwood) contributes to 

desertification, soil erosion, and deforestation, which in turn increases the accumulation of 

atmospheric gasses as well as soil deterioration (Dzioubinski and Chipman, 1999; Hoffman 

and Ashwell, 2001).  

 

Cutting down trees also has a negative impact on wildlife.  Trees provide a habitat for a wide 

range of animals, and when removed, could lead to local extinctions.  A study done in a 

small over-utilized area in Eastern Cape Province of South Africa showed that about 15 bird 

species and mammals have disappeared due to habitat degradation (Hoffman and Ashwell, 

2001).  Shackleton et al. (2004) stated that unsustainable harvesting of trees resulted in 

reduction or loss of many ecosystem goods and services, which affects the livelihood of rural 

households.  Namibia has a generally good record on environmental protection (MacGregor 

et al., 2007), however, the loss of forest cover (which leads to extinction of fauna and flora) 

remains a challenge.  

 

2.5.4 Economic impacts  

Shortage of fuelwood adds extra expenses such as fuelwood buying and medical expenses 

related to injuries obtained during fuelwood collection to a household’s budget (WHO, 2006).  

In areas where wood is scarce, collectors spend more of their daily time searching for 

fuelwood and are left with little time to do other socio-economic activities that could  improve 

their livelihood (WHO, 2006; Barnes et al., 1994). 

 

2.5.5 Health impacts 

Energy is a basic need and plays a vital role in maintaining hygiene in households.  It is 

essential to prepare safe-nutritious meals and to boil water to prevent water-borne diseases 

and malnutrition, (WHO, 2006).  Due to wood scarcity, some rural households reported 

reduced cooking times, prepared small meals and abandoned or discarded food (Hoffman 

and Ashwell 2001; FAO 2000).  According to Shackleton et al. (2004) carrying of large 

bundles of wood, especially heavy fresh wood might cause health problems.  

 

Worldwide, it has been reported that in many rural households the use of traditional cooking 

practices result in respiratory diseases that leads to a high death rate.  Chronic respiratory 
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diseases, as a result of wood burning, kill about 1.5 million people (mostly women and 

children) a year globally (WHO, 2006).  According to Dzioubinski and Chipman (1999), the 

use of traditional stoves in a closed area or hut exposes users to higher levels of indoor air 

pollution.  In some rural areas, several wood users reported suffering from eye irritation as 

well as difficulty in breathing that later developed into respiratory diseases (Barnes et al., 

1994).  Some fuel materials include palm kernels and shells, release smoke and odours and 

might have negative effects on users’ health (Conroy, 1996; Barnes et al., 1994).  

 

 

2.6 Ways to improve rural households’ energy use 

Interventions have been made to ensure energy security as well as improve rural 

households’ livelihood.  These include implementation and promotion of modern energy 

sources, development of firewood marketing and promoting of afforestation and 

reforestation.  These factors will be discussed below. 

 

2.6.1 Promote Sustainable Energy Sources & Modern Energy Sources  

Promotion of Sustainable Energy Sources (SESs) and Modern Energy Sources (MESs4), 

mainly in developing countries are essential to ensure fuel energy security.  Köhlin et al. 

(2011) indicated that several appropriate energy technologies have been promoted and 

implemented in rural households over the world.  This was done as a result of wood scarcity 

and high prices of gas and kerosene (FAO 2000; Barnes et al., 1994; Howes and Endagame 

1995).   

 

The Namibia Government (GoN) has implemented a Rural Electrification Programme (REP) 

to promote the use of renewable energy and improve the standard of living of rural 

households (MME, 2008).  Individual rural households benefited from the scheme when 

purchasing Photovoltaic Solar Home Systems (SHS).  Ndhulukula (2010) reported that six 

hundred (600) units were sold through this programme while Norad (2008) reported that the 

Namibian REP programme connected about 26,000 customers within 17 years to electricity.   

 

There are some socio-economic and environmental benefits associated with the use of 

SESs and MESs.  Simple technologies such as improved stoves with chimneys reduce 

fuelwood consumption rates, health hazards and improve performances of children in school 

(Shackleton et al., 2004; Kohlin et al., 2011).  According to a WHO (2006) report, improved 

                                                            
4 MESs (modern energy sources) include modern stoves, and alternative energy resources 
(charcoal, keresone) 
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energy services can reduce child mortality rates, improve maternal health, reduce time of 

fuelwood collection, reduce transporting load on women and children, and also reduce the 

pressure on forest resources.  In many rural households in Kenya and Namibia, women and 

children are the ones most involved in fuelwood collection (FAO, 2000; Njuguna et al., 2001; 

Conroy, 1996).  

 

2.6.2 Promote and improve local fuelwood markets 

Poverty and unemployment have driven poor rural households to engage in marketing of 

fuelwood to improve their livelihood (Manyatsi and Hlophe, 2010).  Due to lack of proper 

marketing facilities, however, vendors reported operating alongside roads as well as from 

residential places.  Selling firewood alongside the roads is common in the Southern African 

Development Community (SADC) region (Manyatsi and Hlophe 2010; Conroy, 1996) and not 

just restricted to areas with limited fuelwood.  Selling and buying of fuelwood also takes 

place in areas with plenty of fuelwood available as some households prefer to buy fuelwood 

to save time on fuelwood collection (Chirwa et al., 2010).  

 

2.6.3 Tree Planting Programme 

Tree planting programmes (TPP) are acknowledged as a multi-tool that controls the rate of 

desertification by increasing forest covers and resource availability, reduces atmospheric 

gases accumulation, reduces erosion as well as reducing time spent on firewood collection 

(Blomley, 2000; Köhlin, 1998).  In some rural areas in South Africa and Nigeria, planting of 

trees for biomass energy is not a priority, but fuelwood is considered as a by-product over 

other benefits and services (Shackleton et al., 2004; Hyman, 1994). However, TPP for 

firewood biomass might not be suitable for arid climates such as Namibia (Mendelsohn and 

Obeid, 2005), but NAS (1980) suggested several fuelwood tree species (Eucalyptus spps, 

and Azadirachta indica) that can adapt well in arid and semi-arid environments.  Many rural 

communities across the world adopted tree planting programme, with approximately 15 

million hectares of land planted to trees as a result of such programmes in Africa by 2010 

(FAO, 2011).  Shackleton et al (2004) described fuelwood as a renewable energy and if 

managed and harvested sustainably, it can continue to provide energy to poor rural and peri-

urban households for many generations.  Further, Köhlin (1998) reported the impact of TPP 

on rural households’ energy use in India as it reduces time of collection by 10 hours a week.  

 

According to Mendelsohn and Obeid (2005), the Department of Forestry of Namibia, 

currently known as Directorate of Forestry (DoF), initiated TPPs in the 1950s to established 

trial plantations around the country for both indigenous and exotic species.  Such projects 

were aimed at increasing forest covers.  Until the year 2001, about 15 experimental 
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plantations and woodlots, with a total area of 300 hectares5 were established in the country.  

These trials were, however, rated as unsuccessful due to poor climatic condition and lack of 

understanding on tree tending (Mendelsohn and Obeid 2005).  

 

 

2.7 Summary 

Fuelwood remains the primary source of energy in developing nations particularly in poor 

rural and urban households.  Fuelwood shortages remain a problem in developing countries 

and have affected rural households’ livelihoods.  Interventions on rural energy developments 

have been made to improve rural households’ energy use.  These include development and 

implementation of modern energy sources as well as sustainable energy, and establishment 

of tree planting projects.  However, fuelwood shortages forced poor rural and urban 

households to use any available dry materials (includes cow dung and crop residues), 

prolonged the collecting time, changed harvest technique and forced collectors to harvest 

fresh firewood.  In addition, wood scarcity, poverty and unemployment encouraged the 

marketing of fuelwood in rural and urban areas.  Wood quality has been considered in 

selecting the best fuel to burn, which was determined by wood physical properties such as 

CV, MC, density and AC.  

  

                                                            
5 At international level, Namibia plantation area is recorded as zero (out of 1000) ha.  The 
international standard is 1000ha, and any areas size below 1000 is considered as zero. 
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CHAPTER THREE 

 

BACKGROUND OF STUDY SITE AND METHODOLOGY 

 

 

3.1 Location and background of Omusati region  

Namibia is divided into thirteen administrative regions (Figure 3.1) namely; Caprivi, Erongo, 

Hardap, Karas, Kavango, Khomas, Kunene, Ohangwena, Omaheke, Omusati, Oshana, 

Oshikoto, and Otjozondjupa region (ORC, 2010).  

Figure 3.1: Administrative Map of Namibia (Mr. Lukubwe, pers. Comm., 2012). 

 

Omusati region is situated in the North-Central6 area of Namibia, and covers an area of 

about 26,573 km2.  Omusati shares the border with Angola in the north, and three other 

regions namely; Kunene in the south and west, Oshana in the east and Ohangwena in the 

northeast (Figure 3.1).  According to the preliminary census results of 2011, the regional 

population is estimated at 242,900 with a population density of 9.1 persons per square 

                                                            
6 It is known as Owamboland, the region that is occupied by the dominant tribe group known 
as Aawambo.  It is a densely populated region, accommodating about 50% of the Namibian 
population, though it covers only 4% of the country’s surface. 
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kilometre (NPC, 2012).  The regional population has increased by 6.14% and shifted from 

the second to third most populated region in the country.  Omusati Region is primarily a rural 

area, with only 1% of its population living in urban areas in 2001 (NPC, 2007).  

 

Omusati region is sub-divided into 12 political constituencies namely; Anamulenge, Elim, 

Etayi, Ogongo, Okahao, Okalongo, Onesi, Oshikuku, Otamanzi, Outapi, Ruacana and 

Tsandi (Figure 3.2).  Outapi is the capital city of Omusati Region, situated 90 km northwest 

of Oshakati, on the Oshakati-Ruacana (C46) main road.  The Region receives annual rainfall 

that ranges between 300 – 600 mm (ORC, 2010).  

 

Figure 3.2: Omusati Regional Map (Mr. Lukubwe, pers.comm., 2012). 

 

The study was conducted in the Ongulumbashe (ONGU) village in the Tsandi constituency 

and Onaitembu (ONA) village in the Outapi constituency from April to June 2012.  

 

The two sites were selected based on the vegetation cover and vegetation distribution, and 

can be classified according to the abundance of fuelwood.  The study focused on rural areas 

where most of the poor and vulnerable communities who lack access to modern fuels can be 

found.  In such areas the consumption of wood is normally higher compared to cities (NPC, 

2007).  

 

 

Stellenbosch University  http://scholar.sun.ac.za



 

15 
 

3.2 Topography and vegetation distribution of the Omusati region 

The regional topography is characterized by an extremely flat plain (which forms part of the 

Etosha depression) and hills in the west.  Vegetation is classified into four zones: (1) The 

Cuvelai Drainage Basin in the north mainly covered by palm savanna; (2) The Grassveld, 

towards the southeast, with seasonally flooded grasslands and patches of Mopane and 

Acacia; (3) The Kalkveld in the extreme southeast and northwest with open shrub savanna 

of Mopane and Acacias; and (4) The Sandveld in the west dominated by Mopani bush 

savanna (Selanniemi, et al., 2000).  A total of 48 woody species are found in Omusati 

region, with Colophospermum mopane primarily dominating both tree and shrub layers 

(Mendelsohn and Obeid, 2005; Selanniemi et al., 2000).  

 

 

3.3 Study sites 

 

3.3.1 Ongulumbashe (ONGU) village 

ONGU is located in a remote area, situated about 70 kilometres southwest of Outapi.  The 

village consists of 164 households and falls under the Uukwaluudhi Traditional Authority 

(UTA).  According to Selanniemi et al. (2000), the vegetation is classified as a sandveld 

woodland savanna with a heterogeneous structure.  The area is mainly dominated by 

Mopane and Terminalia species and scatted Combretum species.  ONGU village is adjacent 

to a common woodland that is used for grazing (Figure 3.3 shows the border of ONGU 

village and woodland.  On the right side is the crop field fence, and on left side is the 

woodland).  

 

According to the headman, the woodland serves many rural communities, including people 

from other regions, with construction materials.  Mopane woodland provide many Non-timber 

Forest Products (NTFPs) such as mopane worms, which attract many harvesters from other 

regions.  

 

Harvesting of poles and firewood is regulated by the UTA and DoF.  The UTA head office in 

Tsandi7 issues a letter of acceptance to woodland users, which is a prerequisite to obtain a 

forest use permit from DoF (Kautiwa, per.comm., 2012).  The UTA administers the 

harvesting of mopane worms and charges N$20 per permit for Uukwaluudhi residents and 

                                                            
7 A small urban area in the Tsandi constituency, located about 35 km east of Ongulumbashe and 35 
km southeast of Outapi. 

Stellenbosch University  http://scholar.sun.ac.za



 

 

N$ 50 

sufficien

 

 

3.3.2 O

ONA is 

consists

(OTA) a

house c

season

include 

(Bird p

mespilif

catchm

some la

catchm

for non-res

nt wood res

Onaitembu (

a peri-urba

s of 56 ho

and is situa

clusters.  Th

.  The area 

Sclerocary

plum), Ficus

foris (Jacka

ents.  The 

arge Diosp

ents at ON

sidents.  O

sources for 

Figure

(ONA) villa

an area on t

ouseholds. 

ated in the 

he area is u

is mainly d

ya birrea (M

s sycomoru

alberry), ar

area’s vege

pyros mesp

A village an

ONGU area

fuelwood co

e 3.3: Overv

age 

the border w

 The villag

Cuvelai D

usually flood

ominated b

Marula), Hyp

us (Bush f

e found sc

etation cove

piliforis stan

nd Figure 3

16 

a was selec

ollectors.  

view of Ong

 

with Outapi

ge falls und

rainage ba

ded with wa

by mopane a

phaene pete

fig), Adans

cattered in 

er is catego

nds.  Small

3.5 illustrate

cted for thi

gulumbashe

i urban, the

der the Om

sin with a f

ater from so

and acacia 

ersiana (Pa

sonia digita

crop fields

orized as sc

l acacia bu

es mopane 

Cutlin

s study as

e area.  

 capital of O

mbalantu Tr

flood plain 

uthern Ango

shrubs.  Ind

alm tree), B

ata (Baobab

s and outsi

crubland (Fi

ushes are f

bushes tha

ne separated

woodlan

s an area t

Omusati Re

raditional A

that runs b

ola during t

digenous fr

Berchemia d

b), and Di

ide farms i

igure 3.4 ill

found in th

at are prune

d village and 

nd 

that has 

egion.  It 

Authority 

between 

the rainy 

ruit trees 

discolour 

iospyros 

in water 

ustrates 

he water 

ed every 

Stellenbosch University  http://scholar.sun.ac.za



 

17 
 

year at ONA and where there are consequently no big (mother) mopane found in this 

scrubland.  ONA village represents a rural area with a shortage of wood resources.  

 

Figure 3.4: Overview of Onaitembu village. 

 

Figure 3.5: Mopane scrubland for ONA village, where households harvest live firewood. 
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3.4 Research methodology  

Two villages were selected for this study based on predefined criteria.  Data was collected 

from these villages through field surveys that included (1) formal questionnaire surveys, (2) 

stakeholders meetings or interviews with government officials and local authorities and (3) 

above-ground biomass assessment.  Laboratory analysis of fuelwood was conducted. In 

addition to these methods personal observations were made and field notes taken 

throughout the study period.  Four staff members (including the author) from the Directorate 

of Forestry in Omusati Region and one student from Development Aid from People to 

People (DAPP) Vocational Training School participated in the field survey. 

 

3.4.1 Criteria for sites selection 

The study villages were selected based on set criteria that include:  

 abundance or shortage of wood (fuelwood); 

 adjacent to a common scrubland/woodland/forest that is accessible to most 

village members; 

 consist of 50 or more households; 

 accessible by vehicle or foot; and 

 permissible to carry out assessment activities in the nearby 

scrubland/woodland/forest. 

 

3.4.2 Structured questionnaire survey 

 

3.4.2.1 Initial Consultation  

Local authorities & public institution 

Discussions were held with the DoF management team in the North West Region and local 

leaders representing the two study villages.  The local leaders included the traditional 

representatives as well as political representatives from Tsandi and Outapi constituency. 

Stakeholders’ consultation is necessary for researchers to acquire the understanding of 

stakeholders on the project as well as to help in project design and facilitation (Cullen, Coryn 

and Rugh, 2011).  In addition, it is important to brief stakeholders about the study objectives, 

expected activities, areas of operation and duration of the study (Babbie and Mouton, 2001).   

 

Villagers 

Initial meetings were conducted with villagers in the two selected study areas to create 

awareness of the study.  The meetings intended to inform the villagers about the aim of the 
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study and also presented cases of fuelwood crisis in other developing nations such as Nepal 

and India.  Making communities aware of the study objectives, avoids other dissension 

among communities such as refusing surveyors to enter their premises, reluctance to give 

information or reluctance to volunteer in field activities as key collectors.  The same 

approach was used in a forestry livelihoods study in South Africa (Malan, 2005).  

 

3.4.2.2 Structure of questionnaire 

A formal questionnaire was used for data collection in this study.  This study made use of a 

semi-structured questionnaire that gave interviewees enough time to express their opinions 

and also allowed them to provide extra information that was not addressed in structured 

questions (Denscombe, 2007).  Care was taken to ensure that the questionnaire was clear 

and well understood by all users to ensure better results (Brace, 2008). The semi-structured 

questionnaire (Babbie and Mouton, 2001) used during households and income generations 

interviews consisted of closed and open-ended questions (Appendix A & B).  The household 

questionnaire was divided into four sections: demographic details, fuelwood sourcing, 

fuelwood preferences and characteristics, and fuelwood consumption trends.  

 

Pre-testing of the questionnaire was done to establish comprehension of respondents and to 

determine if the questionnaire addressed the research objectives (FAO, 1997).  An infomal 

test was conducted among four (including a student) DoF technical staff members and three 

respondents per village (Brace, 2008).  

 

3.4.2.3 Administration of questionnaire survey 

Face-to-face interviews were conducted with selected households in the villages as well as 

with firewood sellers.  These interviews are costly, in terms of labour and time, but produce 

more detailed and rich data with less false information than electronic or postal surveys.  

They are recommended for social surveys because of their ability to accommodate and 

investigate more relevant information as well as reduce biases of the study (Denscombe, 

2007).  

 

Households’ survey  

House to house interviews were conducted in ONGU and ONA village between May and 

June 2012.  Sample households were selected using Random Sample Method (RSM).  RSM 

is commonly used in surveys with a large population because it gives all households equal 

chances of being sampled (Bruce, 2001).  Names of households were listed on pieces of 

paper, mixed in a box and randomly drawn one by one without replacement (Marlow, 1993).  
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The survey covered 30% of households from ONGU and 50% of households from ONA 

(Table 3.1 and Figure 3.6).  

 

In estimating the sample size it was considered that larger sample sizes would give more 

representative results (Forcese and Richer, 1973) and that smaller populations require 

bigger samples (May, 2001).  Better results had to be weighed against limited time to use 

government facilities and lack of funds for this study.  It was therefore decided to conduct a 

30% sample in both villages.  Once the village population was determined it appeared that a 

30% sample in the ONA village would not be reliable and the sample percentage for ONA 

was increased to 50%.  A sample percentage of 50% for ONGU would have been too costly 

and could not be accommodated with the available resources.  

 

Figure 3.6: A typical interview between the author and a respondent from ONGU during 

households’ survey. 
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Table 3.1: Total number of households surveyed 

Village Total No. of 

households 

No. of households 

interviewed 

% of 

households 

interviewed 

Ongulumbashe 164 49 30 

Onaitembu 56 28 50 

 

During the households’ survey, 17 key fuelwood collectors were identified on a voluntarily 

basis using a questionnaire.  Integrating local people into the study has an advantage, as it 

improves the outcome of the study and reduces workload.  If local people are not included, 

they feel unrecognized and might give false information or reluctant to share information.  It 

is also necessary as it helps the researcher to acquire local knowledge by exchanging 

information.  Key collectors were identified to participate in firewood assessments that took 

place in the nearby woodland/scrubland (Table 3.2).  

 

Table 3.2: Number of key collectors in the two villages 

Village Target No  Agreed to 

volunteer 

Turned up Did not turn up 

Ongulumbashe 10 9 7 2 

Onaitembu 10 8 8 0 

 

3.4.2.3.2 Survey on the sale of fuelwood 

A survey on firewood sales was conducted in the nearby township areas and alongside the 

main roads within 30 km distances.  There were few informal outlets for firewood within 

Outapi town, and some local vendors operate within a radius of 30 km along the three main 

roads from Outapi (Kautiwa, persn comm. July, 2012).  The survey targeted local vendors 

selling firewood at fixed points.  Four sellers were interviewed during the survey.  The 

interview was conducted with vendors who were willing to participate.  Several sellers were 

reluctant to be interviewed.  
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3.4.3 Stakeholders’ interview  

An interview was conducted with the DoF management team in the North-West region and 

local leaders (TAs and political representatives).  The interview intended to acquire 

information on use of fuelwood (by rural communities) as well as government interventions 

towards rural households’ energy use.  The aim of the interview was to obtain better results 

from the field study by seeking stakeholders’ inputs on the key aspects of the study 

(Stiffman, 2009).  The stakeholder groups are all policy makers at a regional level.  The TAs 

are the custodians of land, political leaders represent communities in all developmental 

projects, while DoF is there to empower local people to use and manage forest resources in 

a sustainable manner. 

 

3.4.4 Above-ground Biomass Assessment  

Kangas and Maltamo (2007) defined above-ground biomass as “the woody parts of trees, 

alive or dead excluding stumps, roots, foliage, flowers and seeds”.  An important part of this 

study was to quantify the fresh and dry biomass of collected fuelwood. 

 

Common firewood source areas in the two study areas were identified with the assistance of 

headmen.  Field visits, by the survey team and two members of each community, were paid 

to the sites to determine and mark the boundaries of the woodland/scrubland.  However, in 

ONA village, the authority allocated a small portion of scrubland for this study, making it 

difficult to use the same intervals as used in ONGU woodland to allocate sample plots.  

 

3.4.4.1 Sample plot identification 

The woodland and scrubland were mapped and subdivided into twenty (20) small sample 

plots of 50x50m (0.25ha) using systematic sampling method (SSM).  The SSM was done by 

(1) allocating an initial plot which was randomly chosen and located next to the corner of the 

area and (2) drawing a straight line from the initial plot which joins other plots to the initial 

plot.  All other plots were located along the straight line at a fixed interval (Barry and Bruce, 

1996; West, 2003).  In addition, coordinates were taken at each corner of the total areas as 

well as of the sample plots.  Every corner of the sample plots were marked by 

painting/cutting a small branch.  

The intervals used in the two study sites were based on the total demarcated area of the 

woodland/scrubland, resulting in different intervals for the two sites.  In ONGU woodland, the 

initial plot was located 100m from the corner and the other plots were located at an interval 

of 500m.  In ONA scrubland, the initial plot was located 50m from the corner and other plots 

were located at a fixed interval of 50m.  Although the intervals differ, the size of the plot 
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(50x50m) remained unchanged.  The biomass measurement was conducted within the 

demarcated plots. 

 

3.4.4.2 Quantifying collected fuelwood  

There are primarily three approaches used in many African and Asian countries to measure 

households’ fuelwood consumption.  These are (1) user-recall method, using the estimation 

given by respondents on amount of wood consumed in a given period of time, (2) physical 

measurement method, which involves the direct measurement of total fuelwood used per 

household and (3) monitoring and measuring headloading and carts along fuelwood route 

(Tomkin, 1986 & Brokensha and Castro, 1994 & Mwandoysa, 1989 cited in Kgathi and Zhou, 

1995).  

 

User-recall and physical measurement methods were recommended for this study as it 

involved user interviews and field measurements.  The same methods were also used in 

Webb and Dhakal’s (2011) study in rural Middle Hills in Nepal.  However, for this study, the 

physical measurement method was applied in a different approach with measurements 

taken in the field in a voluntary participatory manner, and under full field-monitoring.  

 

Seventeen (17) Key Collectors were selected from the sample villages, grouped into 2-3 

groups of households and permitted to carry out normal firewood collection in demarcated 

sample plots.  Wood collected from outside the sample plots were not measured to allow the 

exact measurement of firewood collected from a sample plot of 0.25 ha.  The survey team 

supervised the collection process while measuring the amount of firewood collected per 

household.  The collection was done from plot to plot to allow surveyors to take 

measurement of firewood bundles collected and monitor the process in every plot.  After the 

firewood had been collected and bundled, the total bundle weight and bundle average length 

and thickness were measured (Appendix C).  The weight was measured with a hanging 

scale, the length was measured with a measuring tape of 30m and thickness with the 

diameter tape of 100 cm.  Other domestic fuel materials, such as marula shells, were 

measured during households’ survey.  The shells were placed in a 20 kg container and 

weighted using a hanging scale. 

 

3.4.5 Laboratory assessment 

The most preferred fuelwood sources, namely Terminali pruinoides (Purple pod terminalia), 

Terminalia sericea (Silver cluster-leaf), Colosphermum mopane (Mopane), Acacia arenaria 

(Sand thorn) and Sclerocarrya birrea (Marula) (kernels), in the two study communities were 

identified during the questionnaire survey.  Wood samples from these species were collected 
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during the field survey and brought for analyses to the Department of Forest and Wood 

Science at Stellenbosch University.  Samples (125 g from each fuel material) were cut into 

cubes, debarked and packed in polyethylene bags to avoid drying to allow MC determination 

at a later stage.  They were then tested for their CV, AC, MC and density values (Appendix 

C).  

 

The CV was determined in a bomb calorimeter.  A small amount (< 1 g) of oven-dried 

biomass from each fuel species was combusted in a pressurized oxygen atmosphere.  The 

CV was determined via the temperature increase of the cylinder and measured in MJ/kg.  

The same procedure was used by Munalula and Meinken (2009).  

 

The MC was measured by oven drying samples for 24 hours at 105⁰C.  The average MC 

was determined from two samples with the following equation (Hartley and Marchant, 1995):  

	%
	 	

	 ∗
	         1 

 

The AC was determined according to TAPPI 211 – om 85.  Small samples (<1g) were cut 

and placed in separate crucibles and dried overnight before they were placed in a furnace at 

575⁰C for three hours.  Subsequently they were placed in a desiccator for 1hour to cool 

down and then the ash weight was determined.  The AC is calculated according to:  

	% ∗ /   2 

 

The Dry Density was estimated with the water replacement according to Smith method 

(1985).  The oven-dried samples were submerged in 100ml cylinder filled with water to the 

80ml level.  The volume was estimated from the rise in the water level and the density 

calculated as: the oven-dry weight over volume in g/cm3.  

	 / 	.																																																																																											3 

 

 

3.5 Data processing and analysis  

Qualitative data were processed and presented in tables and bar chart formats using 

Microsoft Excel and SAS Enterprise Guide 4.  Quantitative and qualitative data were then 

analysed using SAS EG4.  Chi-square tests were used to estimate correlations between 

variables and villages and one-way ANOVA used for means variation and differences.  All 

tests were conducted at a significant level of 0.05.  
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3.6 Summary 

The chapter presented the background information of the areas to be studied and the 

methodology used to collect and analyze the data.  The next section (chapter 4) presents the 

findings of the study.  
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CHAPTER FOUR 

 

RESULTS 

 

 

4.1 Village and survey demographics 

A socio-economic study was conducted in Ongulumbashe (ONGU) and Onaitembu (ONA) 

villages in Omusati Region between May and June 2012.  The study involved questionnaire 

interviews, key informant meetings, biomass assessment and laboratory assessment.   

 

A total of 77 households were interviewed during the household survey in the two villages.  

ONGU consists of 164 households out of which 49 (30%) were surveyed, while ONA 

consists of 56 households and 28 (50%) households were interviewed.  The sampled 

households represent 379 and 250 (average of 8 and 9 persons per household) people from 

ONGU and ONA village, respectively (Table 4.1).  In both villages, there were more women 

compared to men, with 52% and 53 % in ONGU and ONA, respectively.  In ONGU 14% of 

the surveyed households’ population were employed, of which 58% were female.  In ONA, 

15% of the surveyed households’ population was employed of which 50% were female.   

 

Table 4.1 Demographic and socio-economic information 

Ongulumbashe (ONGU) Onaitembu (ONA) 

 Total no of people Number of 

people 

employed 

Total no of people Number of 

people 

employed 

Age class 

(years) 

0-15 15-30 <30 18-30 30-

60 

0-15 15-

30 

<30 18-30 30-60 

Male 72 57 54 2 29 41 42 34 1 18 

Female 70 44 82 2 20 43 36 54 0 19 

Total/ age 

class 

142 101 136 4 49 84 78 88 1 37 

TOTAL 379 53 250 38 
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There was no significant difference in terms of salary category between the respondents 

from the two villages (p = 0.7302) with 29 % from ONGU and 25 % from ONA earning no 

salary, 47% from ONGU and 46% from ONA village earning a monthly salary less than 

N$5000 and 24 from ONGU and 29 % from ONA earning more than N$ 5000 per month 

(Figure 4.1).  

 

 

Figure 4.1: Percentage distribution of households’ monthly income (ONGU n=49; ONA 

n=28). 

 

The households’ survey targeted any household member, female or male, who was able to 

give relevant information on the use of fuelwood.  From both villages, however, more women 

participated in the interview compared to men with 73% and 75% from ONGU and ONA 

respectively.  Table 4.2 shows number of participants per gender and age class.  
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Table 4.2: Percentages of respondents per gender and age class 

ONGU   (n= 49) ONA    (n =28) 

 Percentage of respondents  Percentage of respondents  

Age 

Class 
< 30 30-50 >50 Total < 30 30-50 >50 Total 

Male 4 10 12 27 18 4 4 25 

Female 10 29 35 73 11 21 43 75 

TOTAL 14 39 47 100 29 25 46 100 

 

 

4.2 Rural households energy sources and use  

 

4.2.1 Area of collection  

In both study sites, households source fuelwood from their own farms and surrounding (FS), 

nearby woodland/scrubland (WS) or from their own farms and woodlands (FW).  There was 

a significant difference (p=0.0240) between villages in terms of areas of collection (Figure 

4.2).  In ONGU 43% of respondents sourced fuelwood from FS, while only 21% do so in 

ONA.  In ONA 46% of respondents made use of FW to collect fuelwood compared to 18% of 

respondents from ONGU.  

 

Figure 4.2: Area of fuelwood collection at Ongulumbashe (ONGU) and Onaitembu (ONA) 

(ONGU: n=49 and ONA: n=28). 
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4.2.2 Location of sources and collection time 

There was a significant difference (p=0.0037) in the distances that respondents from the two 

villages travel to collect firewood.  At ONGU most respondents (96%) travel less than 2 km 

to collect firewood while 4% travel between 2 and 10 km.  At ONA 71% of respondents travel 

less than 2 km, 25% travel between 2 and 10 km and 4 % travel more than 10 km (Figure 

4.3).  

Figure 4.3: Percentage distribution of households’ travel distance to collect firewood (ONGU 

n=49; ONA n=28). 

 

There was no significant difference (p=0.1929) between the villages in terms of time taken to 

collect firewood.  Approximately half of the respondents (53% from ONGU and 50% from 

ONA) take less than one hour to collect firewood.  At ONGU 37% of respondents require 

between one to five hours to collect firewood and 10% require more than five hours.  At ONA 

25% of respondents require one to five hours and 25% more than five hours to collect 

firewood (Figure 4.4).  
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Figure 4.4: Percentage distribution of households’ time spent on firewood collection (ONGU 

n=49; ONA n=28). 

 

4.2.3 Main collectors  

Respondents were asked to indicate main collectors of fuelwood at household’s level and 

replies were grouped into: (1) men only, (2) women and children only and (3) men, women 

and children.  In both study areas, women and children were the main collectors of firewood 

(85% for ONGU and 100% for ONA) while at ONGU, 10% of respondents indicated that men 

are the main collectors and 4% indicated that men, women and children are all collecting 

firewood.  There were no significant differences in firewood collectors between the villages 

(p=0.1286).  

 

The majority of respondents (70% for ONGU and 71% for ONA) indicated that only one 

collector fetched firewood at a time and that these collectors only collected one bundle of 

firewood at a time (73% for ONGU and 79% for ONA) (Figure 4.5).  There was a strong 

correlation between number of collectors and bundles of firewood collected at a time 

(p=0.0001).  
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Figure 4.5: Percentages distribution of households’ collectors per collection event (ONGU = 

49 and ONA= 28). 

 

4.2.4 Sourcing of fuelwood in ONGU and ONA village 

 

4.2.4.1 Methods of firewood collection and transportation 

The common way of sourcing fuelwood in both study villages is collecting from the sources 

by picking up dried wood from the ground and splitting of dry wood stumps.  In addition, 

households in ONA village cut live fuelwood from mopane and acacia bushes as well as 

buying fuelwood.  Figure 4.6 and 4.7, show different ways of firewood collection.  None of 

the respondents from ONGU buy firewood while 64% of respondents from ONA buy 

firewood, of which 56% buy firewood from local shops and 44% buy from the open market at 

Outapi town.  The price of a bundle of firewood ranged between N$5 – 20, depending on the 

market location.  A bundle of firewood consists of a maximum of seven pieces of split wood 

with an average weight of 12.13 kg.  Respondents use donkey cart or bakkies, 

wheelbarrows and headloads to transport firewood (Figure 4.8, 4.9 and 4.10).  
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Figure 4.6: A man splits dry log of Terminalia sericea during firewood collection in ONGU 

woodland. 

 

Figure 4.7: A woman harvests live mopane firewood during firewood collection at ONA 

scrubland. 
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Figure 4.8: A donkey cart transporting fresh and dry firewood in ONA village harvested from 

a neighbouring village (Uukwandongo). 

 

Figure 4.9: A woman from ONA village carrying a bundle of fresh mopane firewood. 
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Figure 4.10: Transporting of firewood by wheelbarrow in ONGU. 

 

4.2.4.2 Status of firewood collected 

All the respondents (100%) from ONGU collect dry wood while 79% of respondents from 

ONA collect dry and fresh wood and 21% only dried wood.  The majority of respondents 

(68%) who collect fresh wood indicated that the wood requires one month to dry, while 23% 

indicated that wood requires less than one month drying time and 6% indicated that more 

than one month is required.  According to respondents, drying depends on species and 

season.  Acacia arinaria apparently dry faster than mopane and can be burned within three 

days of harvesting.  Respondents described winter as the best season to dry firewood.  Due 

to wood scarcity, however, households sometimes burn half dried wood.  Clay pot makers 

prefer half-dried firewood to roast their pots (to make them hard) as fresh wood burns slower 

with less heat.  

 

4.2.5 Fuel consumption and availability 

 

4.2.5.1 Estimated number of bundles of fuelwood consumed (by user-recall) 

Respondents were asked to indicate the total amount of fuelwood used per week.  On 

average, respondents indicated that they use four bundles of fuelwood per household per 

week in both villages.  There was no significant difference (p=0.3675) between the villages 

on fuelwood consumed per household per week.  The average mass of fuelwood per 

household per week is 79 kg for ONGU and 67 kg for ONA.  However, 49% of bundles used 
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in ONA per week were bought and most of the fuelwood sold at local shops and in Outapi 

town came from Angola (Table 4.3).   

 

Table 4.3: Average number of bundles used per week per household 

 ONGU (n=49) ONA  

Estimated 

amount  

Estimated 

amount  

Total No. of bundles for interviewed 

households per week 218 126 

Av. Number of bundles 

/household/week 4.45 4.5 

Total Mass (kg) (no of bundles x 

average bundle mass) 3890.50 1874.25 

Ave. mass/household/week (kg) 79.39 66.94 

 

4.2.5.2 Estimated amount of firewood collected (by physical measurements) 

There was no significant difference (p=0.1636) between villages on the amount of fuelwood 

collected per households.  Since ONA is in short supply of wood resources the method of 

harvesting was not the same as in ONGU.  In ONA, households cut green firewood, while in 

ONGU, households only picked dried wood from the ground.  According to respondents from 

ONA, cutting of green firewood is done on a seasonal basis, starting from June to 

November.  While in ONGU collection was done throughout the year.  

 

When collectors were asked to collect firewood from the demarcated plots it was found that 

there was not a significant difference in the amount of firewood that was collected, especially 

when all firewood was expressed as dry mass.  At ONA collectors cut fresh branches while 

at ONGU they pick dead, dry branches from the ground.  The fresh mass recorded in ONA 

was converted into dry mass using the calculated MC of 12%.  The average mass of 

firewood collected per household was 65.94 kg for ONGU and 58.91 kg for ONA (Table 4.4). 
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Table 4.4: Average mass of fuelwood collected per household per week. 

 ONGU (n=7) ONA (n=8) 

Status of firewood 

collected 

Dried mass 

only 

Fresh mass Dry mass (converted 

fresh mass using 12% 

of MC) 

Total No. of bundles 

collected 

26 27 - 

Total Mass (kg) 461.6 535.5 471.2 

Ave. mass/bundle (kg) 17.75 19.83 17.45 

Ave. mass/hh (kg) 65.94 66.94 58.91 

 

Other local fuel materials that are collected from crop fields such as marula shells were 

measured during the households’ interviews.  The shells were placed in a 20 kg container 

and measured on a hanging scale.  According to respondents, 5 kg of marula shells can 

cook lunch and dinner (takes a day to prepare food).  

 

4.2.5.3 Adjusting fuelwood collection and consumption  

Respondents were asked to indicate if they adjust their households’ energy use according to 

the time of the year.  A total of 22% of respondents from ONGU and 36% from ONA 

indicated changes in fuelwood energy use during different seasons of the year.  From these 

respondents 73% from ONGU and 20% from ONA used more wood in winter compared to 

other seasons.  There was no significant difference (p=0.2086) between villages on 

adjusting energy use.  However, there was a significant difference (p=0.0025) between 

villages on energy use per season. 

 

In ONGU, households (73%) used more firewood in winter (May to July), indicating that 

more wood is used for boiling water and tea, set fire at fireplaces (such as oshoto) which 

kept burning throughout the day, and for preparing extra meals.  Respondents indicated that 

in winter season, there is more traditional food to be prepared such as fresh beans, bambara 

nuts, maize, and watermelon brews.  In addition, during crop harvesting (from May to July), 

households tend to burn more wood to obtain ash for preserving their crops.  However, 
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respondents indicated that fuelwood collection remains unchanged throughout the year, 

except in rainy season where collection is only done if it is not raining.  

 

In ONA village, many households (80% of those who adjust energy use) use more wood in 

the rainy season.  Households, who adjust their consumption in winter, had similar reasons 

as in ONGU, such as more wood used for boiling tea and bathing water.  Others used more 

wood during schooldays - for ironing school uniforms and preparing lunch packs.  However, 

respondents did indicate that harvesting of firewood does also change with season.  More 

wood is harvested during summer season and little to none harvesting is done during the 

rainy season when the area is flooded.  

 

4.2.5.4 Response to fuelwood scarcity 

Respondents were asked to share their opinions on measures taken in response to firewood 

scarcity, in present and future.  There was a significant difference (p=0.0001) between 

villages on fuelwood abundance, with 100% of respondents from ONGU indicating abundant 

firewood sources and only 11% of respondents from ONA indicating abundance. 

 

In ONGU 14% of respondents indicated alternatives if wood shortage would occur in their 

area.  These include digging out tree stumps, burning small dry wood as well as travelling 

long distances to source firewood from nearby woodland.  Although there are still plenty of 

wood resources in ONGU area, some respondents raised concerns about expansion of the 

village into common woodland and opening up of new crop fields.  Respondents indicated 

that there are insufficient resources on private farms to sustain their energy needs for 

decades.  

 

In ONA 89% of respondents indicated shortage of firewood and listed several options they 

normally use to respond to wood shortage, of which 68% opted to cut green mopane and 

acacia bushes for firewood.  Other alternatives are buying fuelwood, using other dry local 

materials (such as shells, dung, petioles, twigs and others), burning wet firewood (half dried), 

collecting small dry pieces of wood falling from fences, digging out acacia stumps, knocking 

out dry branches and pruning indigenous fruit trees in their crop fields. 

 

There was a highly significant difference (p=0.0001) between villages, regarding burning of 

wet wood with 46% of respondents from ONA and 2% of respondents from ONGU burning 

wet wood.  Respondents were asked to share how it affects their daily energy consumption.  

Respondents indicated that burning wet firewood affects energy consumption because 

fuelwood needs to be supported or mixed with dried wood to kindle fire and evaporate the 
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moisture.  Table 4.5 summarizes the key firewood usage differences between the two 

villages. 

 

Table 4.5: A summary of key differences in resources availability in the two villages 

 ONGU (n=49) ONA (n=28) 

Ways of 

sourcing 

firewood 

 Collect firewood by picking 

only dried wood from the 

ground 

 Collect firewood by picking small 

dried wood alongside fences, 

 Buying firewood 

 Cutting live mopane and acacia 

bushes 

Burning of wet 

wood 

Only 2% of total respondents  

burn wet wood 

46% of respondents burn wet wood

Burning of local 

fuels (shells) 
Only 27% of respondents 

burn shells 
57% of respondent burn shells 

Abundance of 

fuelwood 
100% of respondents 

indicated abundance of 

firewood 

 

11% of respondents indicated 

abundance of firewood 

Affected by 

wood shortage 

8% of respondents indicated 

their daily energy use is 

affected by wood availability 

61% of respondents indicated their 

daily energy use is affected by wood 

availability 

 

4.2.5.5 Effects of wood scarcity on households’ livelihood  

From a daily energy use point of view, the study discovered that households in ONGU 

village have a better livelihood compared to households in ONA.  There was a highly 

significant difference (p=0.0001) between the villages with regard to energy use affected by 

wood scarcity.  More households (61%) from ONA indicated that their energy use is affected 

by wood shortage.  Although all respondent (100%) in ONGU indicated abundance of 

firewood, 8% indicated a slight change in wood availability which somehow affected their 

energy consumption.  Households indicated that wood scarcity affects their lives 

economically, nutritionally and culturally.  
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In ONA village, households allocate a portion of their monthly budget for fuelwood as well as 

other fuels such as paraffin and gas stoves especially during the rainy season.  Fuelwood 

prices ranged between N$5 to 20 per bundle (with an average cost of N$12.50), and 

households spend an average of N$508 per week.  The monthly average fuelwood cost is 

N$200 per households.  However, there was no correlation (p=0.2958) between monthly 

income and fuel expenses.  ONGU households do not buy fuelwood, thus, no budget is 

allocated for fuelwood.  

 

From a nutritional point of view, in ONA village, households indicated that they either have to 

reduce daily meals from four to two times a day, banned cooking food that requires heavy 

preparation such as meat (hoof) and preparation of traditional drinks such as Oshikundu9 

and Omalodu, or budget to buy fuelwood.  Omalodu is made of sorghum meals, which is 

boiled for at least one hour and the preparation requires more wood.  According to 

respondents, if there is not enough fuelwood to prepare everything, for example the dinner 

and Oshikundu, they prepare food and leave the drinks.  ONGU still has plenty of wood 

resources, and no household reported being affected by fuelwood scarcity from a nutritional 

point of view.  

 

Respondents from ONA indicated that shortage of fuel resources has changed their cultural 

transmission among the younger village members.  Some examples of traditional practices 

that rural households used to perform include preparation of traditional food mainly the 

Cleome gynandra (African traditional spinach commonly known as African cabbage), heating 

of main bedroom of women (ondjuo) and making fire at sitting place (oshoto) which they 

used to do every evening before sunset.  ONGU households still use these practices, 

heating women bedrooms and setting fire at fireplaces in the morning, such as oshoto and 

outside homesteads for kids to heat themselves.  

 

Cleome gynandra or wild spinach is used as a traditional food and, eaten fresh or dried.  

Women harvest the spinach during rainy season and cook it before drying it.  Dried spinach 

cakes are prepared in traditional events such as wedding, birthday, engagements, hair-cut of 

new born baby, etc.  According to respondents from ONA, due to wood scarcity, nowadays 

households are drying uncooked spinach, which does not taste good and requires more 

wood to prepare.  In ONGU village, women do still prepare wild spinach before drying it.  

                                                            
8 It was calculated by multiplying average cost per bundle (N$12.50) with average number of 
bundles per households per week (4 bundles). 
9 Oshikundu is a non-alcoholic drink for Aawambo people made from millets’ (mahangu and 
sorghum) meals. 
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Another difference is the preparation of water-melon brews in ONGU, which households in 

ONA never do, due to shortage of fuelwood.  

 

According to women from ONA village, allocation of time for daily activities became a 

problem.  Respondents indicated that it is always harder, especially during cropping season, 

to allocate time for collecting fuelwood and other daily activities.  There were no reports of 

farming activities that had been affected by firewood collections in ONGU.   

 

4.2.6 Preferred fuel species 

4.2.6.1 Selection of species 

Respondents listed burn efficiency, safe to burn and user friendly as characteristics for a 

good quality firewood.  These characteristics are further explained in Table 4.6.  

 

Table 4.6: Characteristics of the best wood to burn and percentage of respondents 

commenting on category. 

  

Category 

 

ONGU (% of 

respondents

) 

ONA (% of 

respondent

s) 

Description of best wood Species 

 

Burn 

Efficient 

 

67 

 

39 

Burns longer, produces stronger 

ember and remains burning until next 

morning, and harmless to pots. 

Mopane 

Burns even when it is wet, produces 

higher quantity of ash. 

Terminalia 

pruinoides 

Safe to 

burn 

8 3 Odourless, non-sparking.  - 

User-

friendly 

0 3 Easy to cut and carry when it is dry. Mopane 

 

No idea 

 

27 

 

57 

No comparison made since only using 

one species or any species that 

available, or species that been used 

by forefathers. 
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Species such as Terminalia pruinoides is recommended as the best species to use during 

the wet season because it does not absorb moisture compared to other species.  The 

species is also preferred due to its higher amount of ash.  In the two study areas, ash is 

mainly used to preserve grains during harvesting and storage as well as improve soil fertility.  

Respondents indicated that in Aawambo culture, people used ash at Oshipale (a place 

where millet is kept and threshing took place) and in storage containers.  This is done to 

preserve grains and seeds from insect attacks.  Households remove ash (residuals) from 

omafiya (cooking place) and oshoto on a daily basis and once a week, respectively, and 

scatter the ash in the crop fields to enhance soil fertility (Figure 4.11).  Furthermore, elders 

stated that Mopani’s ash has been used by their forefathers to produce snuff for elders by 

mixing ash with dried tobacco leaves.  In the past, women have used ash from marula barks 

to make hair relaxant.  

 

According to respondents some species such as Euclea divinorum, were never burned due 

to its cultural values.  Elders indicated that the species has been used by their forefather to 

treat epistaxis and also as a burial place for babies since their bodies were only buried under 

this tree species.  

 

Respondents indicated that some species are unsafe to use as firewood as they produce 

abundance of smoky, odour and sparks.  Examples include Boscia albitrunca that is known 

to cause stomach illness if one eats meat roasted on Boscia’s wood and Dichrostachys 

cinerea which causes clay pots to crack.  
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Figure 4.11: Burning mopane wood and ash at Oshoto at a house in ONGU village. 

 

4.2.6.2 Most preferred fuel species  

In both areas, all respondents (100%) use mopane species.  Terminalia is used by 71% of 

respondents at ONGU and 64% of respondents at ONA use acacia species.  Respondents 

were asked to rank species from the most to least preferred.  The results have shown that, in 

both villages, mopane species is the most preferred species by 88% and 89% of 

respondents from ONGU and ONA village respectively.  Twelve percent (12%) and 11% of 

respondents prefer Terminalia and acacia, respectively.  

 

Although ONGU area has plenty of wood resources, households mostly prefer mopane and 

Terminalia species, and few use Combretum collinum.  Dried wood from undesirable species 

as well as unsuitable wood from most preferred species (harvested some months back and 

no longer suitable for burning) were found rotten in the woodland (Figure 4.12).  Households 

indicated burning only the same species, which were used by the forefathers.  Species such 

as Acacia erioloba is not used in ONGU area hence the species has never been burned in 

the past.  In ONA, households use any available species for burning.  
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Figure 4.12: Dead wood in Ongulumbashe woodland. 

 

4.2.6.3 The use of local fuel materials 

Respondents were asked to indicate if they burn other local fuel materials such as marula 

shells, palm shells or petioles.  At ONGU 27% of respondents and at ONA 57% use other 

local fuel materials.  There was a significant difference (p=0.0001) between the villages on 

the use of other local materials.  Households using marula shells stated that although marula 

shells do not produce better flames, it burns warmer and produces more heat.  

 

The majority of respondents (73%) in ONGU areas were opposed to the burning of marula 

and palm shells, as well as growing of palm tree species.  The study observed very little 

marula and palm stands in ONGU area.  According to some respondents, they neither grow, 

nor allow palm trees to be established in their crop fields because it known as a water-

demand species, and deteriorates soil.  Farmers destroy seeds and younger saplings 

germinating in their crop fields to control regeneration.  In ONA, indigenous fruit trees 

(include palm trees) are the only mother trees found in the surrounding areas and in crop 

fields.  There were no cases of destroying seeds or uprooting saplings.  
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4.2.7 Fuelwood properties 

The properties of the different fuelwood types are listed in Table 4.7.  MC and AC were 

inversely proportional to the CV of the firewood tested from ONGU and ONA.  There was 

also a noticeable difference between mopane collected from ONGU and ONA.  Mopane from 

ONA had higher MC and AC compared to mopane collected from ONGU woodland.  

 

The MC varied between, 6.84% and 12.86% and the AC from 0.68% to 2.88%.  Marula 

kernels had the highest CV with 19.18MJ/kg, followed by Terminalia sericea (19.16MJ/kg) 

and Terminalia pruinoides had the lowest CV at 18.03MJ/kg (Appendix C).  

 

Table 4.7: Physical properties of fuel dry materials used in rural households. 

Species MC (%) AC (%) CV (MJ/kg) 

Terminali sericea  10.89 0.68 19.16 

Mopane from ONA  11.51 2.88 18.18 

Mopane from ONGU  9.45 1.43 19.06 

Terminali pruinoides  9.88 1.98 18.03 

Marula kernels  6.84 1.43 19.18 

Acacia arenaria  12.86 1.14 18.17 

 

The density was only an estimated value, as the volume determination via water 

replacement is not very accurate.  The density of all wood type was around 0.75 – 0.90 

g/cm3 with Terminalia pruinoides having the highest density of 0.90 g/cm3.  

 

 

4.3 Rural households’ income and fuelwood marketing 

 

4.3.1 Main source of income 

Most households indicated having a source of income.  The study showed that 71% of 

respondents from ONGU and 75% from ONA earned income from salary, owning shops or 

from other income sources such as sale of crops, local catering, clay pot and basket making.  

None of the respondents earn income from sale of firewood (Figure 4.13).  Significantly more 

people (ONGU 89%, p=0.0001 and ONA 76%, p=0.0046) earn money from salaries than 

other income generating activities.  In both villages, people are employed as teachers, 

security guards, police officers, drivers, cleaners, house and shop attendants.  
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Figure 4.13: Percentage distribution of respondents on main source of income (ONGU = 49; 

ONA = 28). 

 

In ONGU village, some households (6%) sell surplus crops such as mahangu (millets), 

sorghum and beans.  The crops are sold in 25 kg bags at a price of N$70, N$90, and N$100 

for mahangu, sorghum and beans, respectively.  None of the respondents sell any crops at 

ONA.  In the two villages, some households are running small cuca-shops for traditional 

alcoholic drinks known as Otombo, Epwaka, Katokele, and Ondjidja.  The first three drinks 

are made of millets while Ondjidja is made from ginger roots which are bought from shops.  

Households doing other small business, such as managing cuca-shops, were assisted by 

family members to establish their businesses, or else used their salaries.  

 

4.3.2 Fuelwood sale at local level  

Households buying fuelwood shared their experiences on the impact of local firewood 

markets.  Although these markets are illegal i.e., Angolans selling firewood in Namibia, 

respondents described it as an answer to their problem.  This firewood is affordable to 

everyone including pensioners and has improved their access to local fuel energy.  

Respondents indicated that although there is not much difference in the price of local versus 

urban firewood , the quantity or size of bundles is larger compared to urban markets.  A 

bundle of fuelwood in a village, is twice as large as one in a township market.  According to 

respondents, the vendors only come during the dry season because during the rainy season, 

roads between Namibia and Angola are normally flooded and make it difficult for vendors to 

access marketing places in Namibia. 
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The study also conducted interviews with four firewood sellers operating at different places 

within Outapi town and alongside C46 main road.  Two men and two women, owning 

firewood businesses for the past five to ten years, were interviewed.  All four sellers have 

other sources of income which includes shops and pubs, catering and printing shops.  The 

main sources of income distribution remain 50%: 50% for fuelwood and other businesses.  

 

4.3.3 Supply and Demand 

Sellers operating in urban areas are referred to as traders.  Their businesses are supplied by 

vendors from Angola and other local vendors within the region.  The traders buy fuelwood in 

donkey carts and bakkies.  One donkey cart full of firewood costs between N$400-500, 

depending on the type and size of wood.  These traders also buy firewood bundles at N$10 

per bundle.  Another vendor operating alongside the main road (C46) is sourcing fuelwood 

from his own farm and surrounding areas.  

 

According to sellers, they do not have a market target unit to sell per month, but it depends 

on willingness to pay.  However, a rough calculation was done to estimate the average 

weight per bundle at the market as well as the total weight of firewood transported by 

wheelbarrow.  Three bundles (lager, medium & smaller) were measured to obtain an 

average bundle weight of 12.13 kg.  A standard builders’ wheelbarrow could transport about 

44 kg of firewood (about 4 bundles per wheelbarrow).  The price per bundle ranged between 

N$10 - 20, with the average price set at N$15 per bundle.  The weight of a donkey cart full of 

firewood could not be transformed into unit or number of bundles, but Kgathi (1984) cited in 

Mmopelwa et al. (2009) estimated the amount to be 350 kg.  Using the average of 12.13 kg 

per bundle, it provides an estimated of 29 bundles per donkey cart.  A bakkie load of 

firewood was estimated at one ton per full bakkie, which weighs approximately 907.19 kg.  

 

Traders who sourced firewood from Angolan vendors indicated buying one donkey cart per 

month and supplies are only available during the dry season.  Trader buying firewood from 

nearby villages indicated that they buy two bakkie loads per month, approximately equivalent 

to two tons.  The three traders were operating from their own houses, situated off Outapi 

town centre.  They describe this situation as having an effect on their business performance 

since not every customer reaches their homes.  

 

4.3.4 Pricing of fuelwood 

Traders indicated that split firewood (from tree stumps or logs) is more valuable than sticks 

of firewood from branches, thus the split firewood bundles sold at a higher price.  Sellers are 
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charging between N$10 to N$20 (with average price of N$15) at both rural and urban areas.  

Sellers indicated that the price remains constant throughout the year because the fuelwood 

supply has not changed yet.  However, the size or number of pieces of wood per bundle 

changes (reduced or increased) depending on demand.  

 

4.3.5 Fuelwood marketing and households livelihood 

All sellers (100%) indicated that selling of fuelwood does improve their livelihoods.  From 

each bundle of firewood they earn a profit of N$5 to N$10 which they use to pay school fees 

for their kids, buy food, expand their small business and cover other basic needs.  Traders 

supplied by Angolan vendors sold very little compared to others who obtain their fuelwood 

from local sources (Table 4.8).  

 

Table 4.8: Estimated income earned from the sale of fuelwood per week. 

Traders 

/seller 

Area of 

operation 

Supplier No. of 

bundles 

sold/week 

Mass 

(kg) 

Amount 

earned 

(N$) 

1 Outapi Town Angolans 7 84.91 105 

2 Outapi Town Angolans 7 84.91 105 

3 Outapi Town Buy from local 

vendor 

37 448.81 555 

4 C46 road Own collect 28 339.64 420 

 

4.3.6 Challenges and constraints 

Sellers were asked to share problems they encounter in selling firewood.  The results 

showed 75% of sellers experienced different challenges in marketing of fuelwood.  These 

include lack of marketing facilities, higher initial costs, competitors, lower supply as well as 

lack of information to acquire marketing permits. 

 

Respondents indicated that there is a lack of proper marketing facilities and described their 

businesses as “hidden’’ or undercover.  Traders were blaming the town council and the 

government for failing to construct firewood marketing facilities in the town.  Therefore, they 

suggested that the government and town council construct marketing outlets for firewood.  In 

addition, none of the respondents received support from the government or local authority or 

NGOs.  
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Higher competition is noted during the dry seasons.  Respondents (50%) operating in urban 

areas indicated more entrants in the markets during the months of May to December.  There 

is a higher supply and lower demand during this period because more firewood comes into 

the market.  The study observed that in an urban area, within a 100 m radius, there were 

about three firewood outlets. 

 

Loss of products due to illegal practices is another problem hampering the firewood business 

in the region.  Respondents expressed their unhappiness over the DoF officials’ power to 

confiscate their products and stated that their products are being confiscated after failing to 

present valid licenses (marketing permits).  Respondents accused officials of not enforcing 

the law effectively; and for not creating any awareness regarding firewood use in the area.  

Respondents denied knowing about procedures for acquiring firewood trading permits.  

 

 

4.4 The role of government and NGOs 

 

4.4.1 Fuelwood marketing outlets 

The government, through the Ministry of Agriculture, Water and Forestry (MAWF) has 

constructed firewood marketing facilities in all thirteen regions.  Two facilities were 

constructed in Oshikuku and Okahao urban areas in Omusati region.  According to Mr. F. 

Kayofa10 (Chief Forester for North-West region), more outlets are expected to be built in 

other areas in Omusati region once the ministry (MAWF) gets land from the local authorities 

(personal communication, June 2012).  The author visited the two constructed facilities, and 

phase two (wiring and furnishing of the buildings) was not yet completed during the time of 

data collection.  According to Mr. Hailwa (Director of Forestry), the outlets expected to 

operate on a tender basis and will be subsidized by government (personal communication, 

July 2012).  

 

4.4.2 Funding and Subsidising 

The study found that none of the sellers receive funds or any kind of support from 

government or NGOs.  Sellers indicated that they started their business with a small amount 

of money they received from family members, which later expanded using profit generated 

from the sales.  According to Mr. Kayofa, the DoF neither subsidises, nor does it fund wood 

                                                            
10 Mr. Kayofa is a Chief Forester for North-West Forest Region responsible for the four 
regions: Omusati, Oshana, Ohangwena and Oshikoto. 
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sellers.  Similarly, the traditional authorities (TAs) and Regional Councils do not have any 

programme to assist local businesses, at all levels.  There is, however, a micro-finance 

programme under the Ministry of Trade and Industry (MTI), which is aimed at providing 

financial assistance to, and educates small-scale businesses mainly in rural areas.  

 

4.4.3 Harvesting and marketing regulations 

The National Forests Act No. 12 of 2001 (MAWF, 2012) is the main statute according to 

which forests and forest uses are managed and regulated.  Gazetted forests fall under 

community authority, managed and utilized according to Community’s constitutions and by-

Laws under which the forests fall.  The Act grants forest officials power to issue licenses to 

harvest, transport, market or export forest products as well as to confiscate illegally 

possessed or harvested products and issue fines to culprits.  

 

4.5 Summary 

The chapter presents the socio-economic results from the surveys of the households, 

information regarding the marketing of fuelwood within the districts of the study sites, and 

inputs from stakeholders.  It also presents the estimated amount of wood measured during 

firewood collection, and the quality of different fuel materials used in the study areas.  The 

results from this chapter are described in detail and compared with other previous studies in 

Chapter 5.  
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CHAPTER FIVE 

 

DISCUSSION 

 

The main objective of this study was to investigate the relationship between fuelwood use 

and fuelwood quality and quantity.  This was investigated under the following four specific 

objectives: (1) assess fuelwood biomass used per household; (2) identify popular fuel 

species; (3) measure physical properties of fuel materials; (4) determine the impacts of 

quality and quantity on households’ energy use as well as the household income and 

expenditures.  The chapter will discuss the results in the context of these objectives.  

 

 

5.1 Variation in fuel sources and species 

 

5.1.1 Sources 

In rural areas, households make use of private and public lands for firewood collection 

(Webb and Dhakal, 2011).  In the study areas, households sourced firewood from the same 

areas.  However, there was a significant difference (p=0.0240) in the utilization of the three 

sources, with many households (43%) in ONGU sourced firewood from their own farms and 

surrounding.  This is because ONGU covers a larger portion of land with plenty of wood 

resources and sufficient land available to households to carry out other activities such as 

collecting of firewood and grazing of small livestock.  Other explanations for variations 

include vegetation composition and cover, size of the areas, location of the source areas and 

size of the family.  ONA is a smaller area and is situated in a flood plain and small scrubland 

with poor lower vegetation cover resulting in a shortage of wood resources.  Only 21% of 

respondents in ONA make use of their own farm or surrounding area for firewood collection.  

 

Differences in utilization of firewood sources led to variations in distances travelled.  There 

was a significant difference (p=0.0037) in distances travelled to collect fuelwood between the 

two villages, with 96% of respondents at ONGU and 71% at ONA travelling less than two 

kilometres.  The three main factors that led to the differences in the study sites could be: 

location of the sources, fuelwood availability and family (composition) size.  Although ONGU 

is larger than ONA, households travelled less because many (43%) are sourcing from their 

own farms and surroundings and do not need to travel longer distances.  Family size has 

also an influence on distance travelled especially where families with elders only or with 

small children cannot walk longer distances to collect firewood (Shackleton et al., 2007).  
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Such families could contribute to higher percentages of households travelling less than two 

(2) km.   

 

Although the two villages differ in utilization of firewood sources and distance travelled to 

collect a bundle of firewood they were similar (p=0.1929) in time taken to collect firewood.  

At ONGU preferences over species to burn by households resulted in more time searching 

for desirable dried firewood.  At ONA wood scarcity made households spend more time as 

they had to travel far to look for firewood.  The method of cutting live bushes requires more 

time compared to picking from the ground.  

 

In both villages, about half of households (53% for ONGU and 50% for ONA) spent less than 

an hour to collect a bundle of firewood.  Households spending less time in ONA could be 

those sourcing firewood by buying.  It reduced the time associated with sourcing because 

the only time required is for walking from home to the marketplace.  In conclusion, wood 

scarcities can be measured by longer distances travelled and increased time for firewood 

collection as observed at ONA village (Cardoso et al., 2012; Dewees, 1989).  

 

5.1.2 Methods of collection  

 

5.1.2.1 Firewood collection 

Picking up dried wood from the ground has been used in many rural areas and is regarded 

as the main method for firewood collection (FAO, 2000).  Cardoso et al. (2012) however 

highlighted the fact that rural households in arid environments that are affected by wood 

scarcity have to develop different ways of sourcing firewood.  This is also the case in ONA 

village where apart from picking up dried firewood, households do also buy firewood and cut 

live bushes for firewood.   

 

Due to fuelwood scarcity, 64% of households in ONA have to buy fuelwood to meet their 

basic energy needs.  Establishment of fuelwood markets or increases fuelwood prices 

normally occurs in areas where there is a shortage of fuelwood (Deweesa, 1989).  In India, 

purchasing of fuelwood is attributed to fuelwood shortages mainly in densely populated 

areas and where vegetation is scarce (Cardoso et al. 2012).  Similarly, in the north central 

region (covers the four regions: Omusati, Ohangwena, Oshikoto and Oshana) of Namibia, 

the most densely populated region in the country, households are forced to buy fuelwood 

(Palmer & MacGregor, 2009).  However, not every household in ONA buys firewood, but it 

depends on the household’s income and size.  Kojima et al. (2011) indicated several factors 
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that might influence buying of firewood (such as location of the house to the market, 

household size, gender of head of the households).  

 

Fuelwood sold and bought in ONA and nearby towns was illegally imported and sold both by 

local and Angolan vendors.  The illegal trade in fuelwood in the region could be due to a lack 

of awareness as a result of understaffed government departments, lack of policies as well as 

ignorance of community members.  Currently, the region has four technical staff members, 

serving a huge population of 242,900 (Kautiwa, W. persn.comm, 2012; NPC, 2012).  

 

5.1.2.2 Firewood main collectors 

Women and children were indicated as the main firewood collectors in the two villages, a 

view supported by the FAO (2010) that also highlighted the impact of firewood collection on 

household activities and livelihoods.  

 

There was a strong relationship (p=0.0001) between number of collectors and amount of 

firewood collected per time.  The number of collectors per time depends on household’s size 

(with average of eight (8) for ONGU and nine (9) for ONA) as well as the demand or 

household’s consumption.  The study complements the findings by Damte et al. (2011) and 

Palmer and MacGregor (2009), which found positive relationships between the household 

size and firewood collection.  The larger households and large family size implies for greater 

consumption of fuelwood (Damte et al., 2011), which also needs more collectors per 

opportunity.  

 

5.1.3 Fuel species/materials, and status of wood 

Mopane was the most preferred firewood species identified in the survey.  Mmopelwa et al. 

(2009) reported the same species (mopane and silver cluster-leaf) as preferred for firewood 

in Botswana.  Households in the ONGU village which is rich in biomass and heterogeneity in 

vegetation composition, used several fuel species including Purple pod terminalia, Silver 

cluster-leaf and Combretum collinum, unlike in ONA, where firewood is restricted to mopane, 

acacia and marula kernels due to poor vegetation composition.  In both villages, households 

collected dried firewood, though ONA cuts live bushes in winter and summer and stores it for 

the rainy season.  This was also reported by Cardoso et al. (2012), who cited several studies 

from different countries where households collected firewood during the dry season and 

store it for rainy season.  Conroy (1996) reported households in one degraded village in 

Omusati region cutting live wood for firewood.  
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5.2 Relationship between fuelwood use, and fuel quantity and quality 

 

5.2.1 Fuel biomass collected and consumed in ONGU and ONA 

The average weekly consumption of firewood per household was approximately 66 kg for 

ONGU and 59 kg for ONA.  Weekly average consumption per household ranged between 

119 kg to 126 kg (17 -18 kg per day) in Himalaya India (Rana et al., 2012) and average 

weekly household consumption of 82 kg (4240 kg per year) per household in Bangladesh 

(Shin et al., 2009).  Palmer and MacGregor (2009) conducted a study in North-Central 

Namibia and also found higher firewood use values of an average weekly consumption per 

capita of 18 kg (results were expressed per capita).  However, the two villages used more 

firewood per week than what is reported for Botswana where an average weekly 

consumption of 28 kg in summer and 34.4 kg in winter per household was reported 

(Mmopelwa et al., 2009).  

 

If it is considered that about half (49%) of fuelwood used in ONA was bought, the annual 

average harvest of 1,534 kg per household for ONA is about half of the annual average of 

ONGU which is 3,432 kg per household per year.  The value for ONGU correlates with that 

found by Ham (2000) for rural villages in the Eastern Cape of South Africa. 

 

5.2.2 Most popular fuel species used in ONGU and ONA village  

Mopane was the most preferred species across the study sites due to its quality (ability to 

burn longer and produce stronger ember, and easy to cut) and abundance.  Cardoso et al. 

(2012) reported users in India selected species to burn based on hardness and durability of 

embers.  Mahiri (2003) reported households choose wood that is heavy and slow burning, 

and that produces a warm fire with long-lasting embers.  In Uganda, households choose 

firewood species that have a hot and long lasting flame, produce long lasting embers and 

are easy to split (Tabuti et al., 2003).  

 

There was evidence of dead wood found decaying in ONGU woodland.  This implies 

abundance of fuelwood in the area as well as choices of other species to burn.  Although it 

appears as the wasting of resources, the scientific community (including ecologists, 

environmentalists, biologists, foresters) consider this as an advantage to ecosystem and 

biodiversity at large (Merganicova, et al., 2012).  Decayed wood on the ground plays an 

important role in nutritional retention, maintaining soil carbon and nitrogen, soil stability as 

well as preventing surface run-off.  In addition, deadwood provides habitats for small 

organisms such as insects, birds and supports the growth of fungus (Rittenhous, et al., 2012; 

Merganicova, et al., 2012).  
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Apart from burning characteristics, households from ONGU village preferred several species 

such as Purple pod terminalia for its high quantity of ash.  In the study villages, households 

use wood ash to preserve grains from weevils attack and apply it to crop fields to improve 

soil fertility.  Using wood ash for preservation is a traditional way of agriculture and has been 

reported in several studies where wood ash is also used in grains storage to prevent fungal 

growth and weevils attack (Gadzirayi et al., 2006; Oguntade and Adekunle, 2010).  Wood 

ash is also reported as a treatment in experiments to store fresh vegetables (Ayolede and 

Iwhiwhu 2011; Mutandwa and Gadzirayi, 2007).  Wood ash has alkaline properties which 

prevent the development of diseases and fungus (Mutandwa and Gadzirayi 2007).  

 

Another species that households in ONGU valued is Euclea divinorum for its economic and 

cultural values.  Tabuti et al. (2003) reported, in Uganda, several plant species that are not 

used for cooking because they are used for cultural events and in traditional religious rites.  

The species is used to treat epistaxis and are present at burial sites for babies.  This study 

confirms the findings by Chiekhyoussef et al. (2011), of traditional healers from Oshikoto 

region in north central Namibia using the same species to treat bleeding.  In contrast, in 

Kavango region in north –east Namibia, the same species (Euclea divinorum) is used to 

treat malaria, fever, fungal diseases, veneral diseases, toothache, as well as for oral care 

(Chinsembu et al., 2011).  However, these studies have not found any evidence supporting 

the use of Euclea at burial sites.  

 

Households tend to use marula shells for its ability to produce high temperatures.  This was 

in line with the assessment made on calorific values.  The results showed marula shells 

have the highest CV of 19.18 MJ/kg among other tested fuel materials.  The use of marula 

shells as fuel appears to be lesser adopted in many rural areas, as very little information was 

found to support its use.  Palmer and MacGregor (2009) reported that households in north-

central regions (include Omusati) also use other local fuels such as dung, as an energy 

supplement, due to fuelwood shortage.  

 

5.2.3 Physical properties of different local fuel materials  

A significant difference was found in mopane properties depending on the location.  Mopane 

from ONA had a higher moisture content (MC) of 11.51% compared to 9.45% for ONGU and 

the mopane from ONA had a higher Ash Content (AC) (2.88%) compared to ONGU (1.43%).  

The MC is influenced by physiological factors, geographical location, season of the year and 

dimension of branches (Kataki and Konwer 2001; Bhatt and Tomar 2002).  The samples 

from ONA were cut from younger bushes and the area is located in a flood plain that floods 
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almost every rain season.  Species in a wet environment are known to have a high MC and 

AC (Bhatt and Tomar 2002).  Kumar et al. (2010) indicated that AC and MC are higher in 

younger than in matured trees.  Bhatt and Tomar (2002) reported that tropical wood species 

have high AC and MC.  

 

In all fuel materials, the Calorific Value (CV) increased with decreasing in AC and MC, which 

ranged between 18.03 MJ/kg to 19.16 MJ/kg.  Mopane fuels recorded a CV ranging from 

18.18 MJ/kg to 19.06 MJ/kg.  Silver cluster-leaf species had a higher CV 19.16 MJ/kg and 

was second after marula shells which have a CV of 19.18 MJ/kg.  Eberhard (1990) found an 

average CV of 20.36 MJ/kg for mopane and 19.97 MJ/kg for Silver cluster–leaf.  The 

determined CV values are in agreement with values reported in several other studies 

described in Chapter two.  Dense wood is more desirable for firewood as it burns slower and 

has a higher heat value (BEC, 2012).  Bhatt and Tomar (2002) indicated that suitable 

fuelwood should have a high CV density and low AC.  The lowest MC (6.84%) was recorded 

for marula kernels, which also had the highest CV of 19.18 MJ/kg.  The MC of biomass has 

the greatest effect on the net CV (BEC, 2012; Bhatt and Tomar 2002).  

 

Apart from Silver cluster-leaf species, all fuel species had an AC > 1%.  According to 

Munalula and Meincken (2009), a desirable AC is less than 1%.  The higher ash content 

reduces the combustion quality of wood as it affects the combustion process (Kumar et al. 

2010).  Bhatt and Tomar (2002) suggested species with high AC and low density as most 

suitable for farming, as households in the study villages used ash for grain preservation and 

soil fertility.  

 

In conclusion, if the three properties determined in this study are considered in the selection 

of the best fuel species, silver cluster- leaf species would be the best due to its low AC and 

MC and high CV. 
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5.3 Impacts of fuelwood harvesting, quality and quantity on households’ 

energy use 

 

5.3.1 Firewood harvesting and households’ energy use 

The harvesting of fuelwood in the two villages changed with the seasons, resulting in an 

adjustment of households’ energy consumption.  In ONGU, where households only harvest 

dried firewood, more firewood is available during the harvesting period.  According to 

Omusati DoF report 2012/2013, more harvesting permits (for poles and droppers) were 

issued during May – June and July – September.  In ONA households cut more live firewood 

in winter and summer seasons and reserved for rainy season.  Ngane et al. (2012) reported 

the collection of non-forest wood products in Cameroon changes with seasons, with no 

collection of firewood done during the rainy season.  Similarly, in northeast Brazil, 

households cut more firewood in the dry season and store it for the rainy season (Ramos 

and de Albuquerque, 2012).  

 

Households used more wood in winter, mainly for heating up houses, boil bathing water and 

tea, and heating food.  This was confirmed by Ham (2000) and Mmopelwa et al. (2009) who 

reported a higher wood use during the winter season.  Shackleton et al. (2007) also reported 

consumption of fuelwood in Makana district was higher (three times higher) in winter than in 

summer season.  

 

The harvesting of live bushes for firewood indirectly affects household energy use through 

environmental impact.  Cutting live bushes for firewood during the wrong time or season (for 

example during rain or winter season) affects the cut stumps’ ability to shoot up as well as to 

regenerate, which is mainly influenced by harvesting methods (e.g. height at which stump 

was cut), size or age of the bush (Shackleton, 2001; Zimmermann and Joubert, 2002).  In 

the case of ONA, regrowth of the cut stumps would also depend on species’ ability to survive 

in excess water because the area is reportedly constantly flooded during the rainy season.  

As a result, such practices would increase wood scarcity by the reduction of forest cover, 

which considerably affects households’ energy consumption.  

 

5.3.2 Fuel availability (quantity) and households’ energy use 

Wood scarcity is known to affect poor rural households that primarily rely on natural sources 

for energy.  Namibian rural households primarily rely on wood as a main source of energy as 

well as for their livelihood (NPC, 2007).  In the study villages, there was a significant 

difference (p=0001) regarding households’ energy use being affected by fuelwood scarcity.  
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ONA were highly affected, (with 61% households) compared to ONGU (with only 8%), by 

change in wood resources.  These effects were discussed in three categories as follows:  

 

5.3.2.1. Economically 

Fuelwood scarcity is directly contributing to poverty (Adeoti et al., 2001) by increasing 

household’s expenditures.  Households in ONA spent an average of N$50 per week 

(N$200/month) on firewood.  Given the high rate of unemployment (51.2%) and inequality 

(58%) in income distribution in Namibia (Worldbank, 2012), buying of firewood would 

threaten the livelihood of poor rural households.  Most households (76% for ONGU and 71% 

for ONA) earn between N$0 to N$5000.  These included households that rely on 

government grants/pension scheme (for elders, orphans and vulnerable children, and 

disabled people) as well as self-employed.  The average of N$200 per month per household 

for fuelwood is unaffordable to those with lower income.  Wood scarcity affects poor 

households’ monthly budgets because they have to spend the little income they receive on 

all other basic needs including water, food, etc.  

 

From a socio-economic point of view, wood scarcity affected women’s participation in other 

socio-economic activities as well as the level of education of children.  Women in ONA 

experienced difficulty in allocating time for other activities especially during the time of crop 

harvesting (from April to July) and cutting of live firewood.  Due to fuelwood scarcity, women 

travel long distances and lose much of their spare time in searching for firewood.  

Madzibane et al. (1999) cited in Makhado, et al. 2012) highlights this as a key constraint that 

affects their involvement in other socio-economic activities.  Households (50% from ONA 

and 47% from ONGU) spent more than one hour, of which 25% for ONA and 10% for ONGU 

spent more than five hours per day in collecting a bundle of firewood.  Barnes et al. (2005) 

suggested that modern energy services could reduce much of the necessary daily labour 

associated with firewood collection.  

 

Collection of firewood, particularly in degraded areas, has reportedly affect children’s 

enrolment and performance in school.  For example, in Kenya and Malawi, resource 

collection (firewood and water) triggered poor school enrolment of children (mainly girls) and 

most were unlikely to pursue their studies up to secondary level (Köhlin et al. 2011; 

Nankhuni and Findeis 2004).  In these study villages, in some households the greatest time 

spent on searching for fuelwood is 10 hours, which clearly leaves very little time for children 

to do their homework as well as to prepare for examinations.  Köhlin et al. (2011) 

recommend that investments in rural energy developments may improve the involvement of 

children in education.  Although this study did not look at the effect of fuelwood from an 
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academic view point, Köhlin’s recommendation can be used to address the situation in 

Namibia.  

 

5.3.2.2 Nutritionally  

Due to fuelwood scarcity, households in ONA have reduced their daily meals from four to 

two times a day, banned cooking heavy food (such as hoof meat) and preparation of some 

traditional brewing.  FAO (2010a) reported in some developing countries reduced food 

security due to shortages in supplies of fuelwood and charcoal.  Reduction in daily meals 

affects the preparation of nutritious meals, mainly for people living with HIV/AIDS who 

require special diets and for children whose performance at school can be affected by 

malnutrition.  An assessment conducted in Uganda, indicated that inadequate meals, 

especially breakfast and midday meals, resulted in poor performances among learners 

mainly from poor rural households (Acham, et al. 2012).  Namibia has implemented a 

national programme, Namibia School Feeding Programme, in many rural and urban schools 

to improve the performance, enrolment and nutrition of children, mainly orphan and 

vulnerable children.  However, it was reported that at some schools, community and school 

managements experienced the problem of fuel to prepare food for children, resulted in an 

exchanging of meals for wood fuel (two bags of maize blend exchanged  for one bundle of 

firewood) (Ellis, 2012).  

 

Abandoning of preparation of traditional vegetables (Cleome) before drying, is another 

example of wood scarcity, which also affects the nourishment of the household.  The benefit 

of Cleome diet has been well investigated in many rural areas including Botswana.  Many 

rural households consume Cleome due to its palatability and nutritious value, (FAO, 2000; 

WHO, 2000 & 2001 Cited by Legwaila, et al., 2011).  Due to fuelwood scarcity, households 

dry Cleome before boiled, which reduces the storage period.  Women in Botswana also 

boiled traditional vegetables in salt-water before sun-dried, to prolong the shelf life of 

vegetables (Legwaila et al., 2011).  Traditional foods are prepared during events as a sign of 

respect and cultural moral.  

 

5.3.2.3 Culturally 

Fuelwood scarcity affects households’ main cultural practices such as heating of womens’ 

bedrooms and fireplaces or sitting places (Oshoto) as well as preparation of traditional food 

and brewing.  In many African rural communities, households sit around the fireplaces, thus 

where firewood is plenty fireplaces could be kept burning for a longer period (FAO, 2010a).  

Households experienced the decline in transmission of cultural variants among younger girls 

and boys.  Children have to be prepared and taught their culture to influence their adult 
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behaviour and success.  Transfer of cultural practices from generation to generation is 

important for younger ones to adopt cultural values and traits, which are the main 

determinants of well-being (Saez-Marti and Sjogren 2008).  Cardoso et al. (2012) indicated 

that wood scarcity has influenced traditional knowledge and practices that maintain and 

promote relationship between the environment and culture.  

 

5.3.3 Fuel quality and households’ energy use 

Households in ONA use small sticks, twigs, shells and palm materials as firewood.  As wood 

become scares households are forced to use poor and low quality local materials such as 

twigs, palm materials (leaves, petioles), dung, crop residues (Dewees, 1989; Palmer & 

MacGeorge, 2009).  Many (46%) households in ONA burning wet fuelwood (half-dried 

fuelwood).  This can affects households’ energy use, as extra dried firewood is required to 

kindle the fire to evaporate the moisture, resulting in higher consumption of firewood and 

also unsafe environment due to increased smoke levels. 

 

Seventy-nine percent (79%) of respondents at ONA collect fresh wood.  Some species dry 

faster than others, Acacia wood dries faster than mopane and the drying is faster in winter 

than in summer.  It means, households may be forced to burn half dried firewood or else cut 

more of the species that dries faster to make firewood available within a short period. 

 

Although the results from the laboratory showed higher CV for marula shells and Silver 

cluster-leaf species, the two species may not be used as the best quality fuelwood in the 

study areas due to their economic values.  Species that can produce quality fuelwood may 

be more valued in rural economy, used for timber, fruit or fodder (Dewees, 1989).  Marula 

trees cannot be harvested for firewood because by law all indigenous fruit trees are 

protected.  

 

 

5.4 Income spent on, and generated from fuelwood sale at rural household 

levels  

 

5.4.1 Income generated from firewood sale  

Firewood sellers indicated a profit of N$ 5 to N$ 10 per bundle of firewood or average of 

N$240 per seller per week (N$34 per day).  These amounts of money will allow sellers to live 

above the poverty line of less than U$2 (N$16) per day.  Households used cash from the 

sale of firewood to pay school fees and buy uniforms for their children, buy food, and cover 
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other basic needs.  This was in line with the findings by Mahapatra et al., (2005) and 

Legwaila, et al. (2011).  Apart from benefitting the household these sellers have met the 

government half-way in poverty alleviation, jobs creation as well as services delivery.  

However, such practices may place more pressure on wood resources, encourage people to 

harvest more and in an unsustainable manner, which may lead to deforestation and land 

degradation.  

 

5.4.2 Income spent on household fuel energy 

Pricing of firewood depends on location of markets, supply and demand.  The direct use-

value for firewood is N$1.24 per kilogram.  This means that for every kilogram of dry wood, 

households paid N$1.24.  In contrast, Palmer and Macgregor (2009) reported the average 

buying price of N$0.41 per kg.  While in Kenya, Ndiritu and Nyangena (2010) reported 

firewood was charged per piece at the value of KES 1.50 (ZAR 0.15) to KES 7.00 (ZAR 

0.72) or per single bundles at KES 20 (ZAR 2.06) to KES 150 (ZAR 15.44).  Comparing this 

study’s finding with Palmer and Macgregor’s (2009)’s study, one can see a slight increase in 

fuelwood value by N$0.88 per kg.  This implies higher demand in fuelwood consumption 

mainly in poor rural households, as well as a decline in wood resources.  

 

 

5.5 Summary  

The chapter discusses the key findings in detail and compares the evidences from studies 

done in Namibia and other countries.  In the following chapter the discussion comes to a 

conclusion and possible recommendations to policy makers in Namibia are made.  
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CHAPTER SIX 

 

CONCLUSION AND RECOMMENDATIONS 

 

This chapter summarizes the key findings regarding the impact of fuelwood use, quality and 

quantity on rural households’ energy use, identifies possible gaps or further research as well 

as gives possible recommendations for policy makers in Namibia.   

 

 

6.1 Conclusion  

 

6.1.1 Fuelwood sourcing, availability and consumption 

The study found that in both areas, households collected firewood from private lands, 

surrounding and nearby woodland or scrubland.  Similar to many other rural areas, women 

and children are the main firewood collectors.  Firewood is collected in bundles and 

transported by headload or by donkey carts and wheelbarrow.  The most common method 

used for firewood collection is picking up dried wood from the ground.  However, where 

fuelwood is scares households employed other alternative measures to ensure energy 

security.  Cutting of live bushes has ecological impacts that may cause deforestation and 

land degradation.  Buying of firewood, especially in rural areas, increased poverty by 

increasing monthly expenditures. 

 

The study found that the number of collectors per collection event depends on the demand 

and family size.  Time taken to collect a bundle of firewood depended on the collection 

method and preferences of fuel species by households.  The study found an average weekly 

consumption of fuelwood per household, which ranged from 59 kg to 67 kg for ONA and 66 

kg to 79 kg for ONGU.  Further, the collection reported to be higher in all seasons except 

during the rainy season, whilst the consumption change depends on firewood available.   

 

6.1.2 Fuelwood physical properties and popular fuel species 

The study found that the heat quality varies from species and depends on the environmental 

conditions.  Households choose fuel species according to burning quality and availability.  

For example mopane was the most preferred fuel species, in both villages, due to its ability 

to burn longer, produce stronger embers, ease of harvesting and its abundance.  Using 

specific species may place pressure on the higher used species which lead to extinction of 
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the species in the areas.  The study found a link between fuelwood use and quality, but it 

only exists where there is sufficient wood resources.  

 

6.1.3 Fuelwood use/sale and households’ livelihood 

The quality and availability of fuelwood affects rural households’ livelihood through the 

utilization of fuel.  Wood scarcity, mainly in degraded areas, affects households’ (1) 

transmission of cultural practices and traits among young girls and boys, (2) reducing 

nutrition by reduced daily meals from four to two and (3) increases poverty by increased 

households’ monthly expenditures as well as reduced labour time for other socio-economic 

activities.  Selling of fuelwood by individual households, however, improved their standard of 

living through income generating.  If proper markets of firewood would exist, such activity 

could significantly contribute to poverty alleviation and jobs creation.   

 

6.2 Recommendations  

Harvesting of live bushes for firewood has a large impact on vegetation which later affects 

the energy use of the household.  The harvesting of live firewood is more likely than for 

charcoal production, which consequently would lead to widespread forest degradation in 

many African countries (Wurster, 2010).  To address the current situation, the Directorate of 

Forestry could ensure sustainable utilization of forest resources and at the same time satisfy 

the needs of rural households.  This can be achieved by (1) educating rural households 

about the impact of harvesting live bushes for firewood and (2) initiating other alternative 

energy sources or fuels that satisfy households’ energy use with little impact.  Education can 

be done by disseminating information through community meetings, and use of other media 

sources such as pamphlets, leaflets or radio programmes.  Other alternatives include fuel 

energy-saver stoves, modern sources – use of stove gas and solar energy, as well as 

encourage households to use other local materials such as marula shell which is likely to be 

a suitable fuel due to its higher calorific value.  A study to identify suitable stoves and energy 

materials is needed before disseminating information to the communities. 

 

Illegal importation and trade of forest products in the areas illustrates the lack of policies 

between the two countries and ineffective implementation of laws.  Namibia does not 

possess a legal framework that regulates cross-border trading of forest products.  This can 

burden law enforcement activities in the country.  In order to ensure effective implementation 

of programmes in the region, the Ministry should (1) increase the number of qualified staff 

(from four to 12) that can translate the policy to community members as well as carry out law 

enforcement and (2) develop a legal document that will guide cross-border trading of forest 
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products.  Since the region is divided into twelve (12) political constituencies, at least each 

constituency must have a Forest Technician.  

 

As a way of reducing the imbalance in utilization of tree species for firewood the DoF could 

educate the communities regarding (1) the quality of other possible species that could be 

used for fuelwood and (2) the importance of trees and their impact on the environment and 

socio-economy.  Such education will require information on physical properties (qualities) of 

different tree species of fuel materials as well as availability of species.  Therefore, there is a 

need to conduct a study to (1) examine the qualities of other possible or used fuel species 

found in the Namibian rural areas (2) ad to estimate the abundance of woodlands and 

scrublands. Knowing the physical properties of different species will also help the Directorate 

in making decisions on pricing of forest products.  

 

Limited marketing for firewood is one of the challenges facing rural areas especially in 

degraded areas.  The idea of government to construct outlets in urban areas could solve the 

problem, although it will not really serve the larger needy population.  In order to improve the 

current situation, mainly in rural areas, the government should (1) identify the most affected 

areas by conducting feasibility studies in all degraded and grassland rural areas, (2) identify 

areas with plenty of dried wood to supply the market, with the involvement of local leaders 

and community members from those areas and (3) construct market facilities in the most 

affected areas.  In so doing, it will attract the business communities to engage in fuelwood 

marketing. 
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APPENDIX A: HOUSEHOLD QUESTIONNAIRE 
 

HOUSEHOLD’S ENERGY USE 

(Ins and outs of questionnaire to be discussed with the interviewee) 

Date: 

 

 

SECTION 1: DETAILS OF INTERVIEWEE 

1. Village:............................................. 

Household Code:……………………………………… 

2. Gender of interviewee 

Male  Female  
3. Age of interviewee 

<30  30 -50  50+  
4. How many people living in the household? 

Age 0 - 15 15 - 30 30+ 
Male    
Female    

5.  How many people are employed in the household? 

Age 18 - 30 30 - 60 None 
Male    
Female    

6. How much is the household’s monthly income 

0 -1000 1000 - 5000 5000 - 10000 Above 10,000 
    

7.  Do you participate in any other income generation activities?  If yes, fill IG form 
..................................................................................................................... 
 
 
SECTION 2:  FUELWOOD SOURCING  
1.  Where do you get your fuelwood from? 
..................................................................................................................... 
2.  How far is the place from your homestead? 

0 -5km  5 -10km  10  km  
3. Who are the main collectors of fuelwood? 

 
 

4. How many collectors do go per time? 

dd  mm  yy  

Men  Women & children  Men, women & Children  

Stellenbosch University  http://scholar.sun.ac.za



 

73 
 

..................................................................................................................... 
5. How many bundles do you collect per time? 
..................................................................................................................... 
6. Does collection changes over seasons? If yes, how? 
..................................................................................................................... 
7.  How long does it take to collect? (in hours) 
..................................................................................................................... 
8.  Do you buy fuelwood? If you yes, how much do you pay for a bundle of firewood? 
N$................................................................................................................ 
9. Where do you buy your fuelwood? 
..................................................................................................................... 
10. How many bundles do you use per day or week? 
…………………………………………………………………………………… 
11. What types of fuel wood do you collect? 

Fresh  Dried  Both  
If fresh, how long is it kept before it is used? (Days/weeks/months  
..................................................................................................................... 
 
 
SECTION 3:  FUELWOOD PREFERENCES AND CHARACTERISTICS 

1.  What tree species are used for fuelwood? 
..................................................................................................................... 
2. What other local fuel materials do you use for burning? 
…………………………………………………………………………………… 
3. How do you define the best fuelwood to burn? 
…………………………………………………………………………………… 
4. Which species are more preferable, and why?(rank them from the most to least 
preferable species) 
..................................................................................................................... 
 

 

SECTION 4:  FUELWOOD CONSUMPTION TREND 

1. How do you respond to fuelwood shortage? 
..................................................................................................................... 
2. Does fuelwood availability affect your daily energy use? If yes, how? 
…………………………………………………………………………………… 
3. Do you burn wet (half dried) fuelwood? If yes, how does it affect the consumption of 
fuelwood? 
…………………………………………………………………………………… 
4. Do you adjust your energy consumption? If yes, when and why? 
..................................................................................................................... 
5. Do you have anything to add regarding the use of fuelwood in your area? 
..................................................................................................................... 
6. Would you like to participate in firewood collections activities? 
..................................................................................................................... 
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APPENDIX B: FIREWOOD SELLER QUESTIONNAIRE 
 

Name of Interviewee: ............................................... Date:  

Area of operation:…………………….. 

Owner or Employee 

Ages:…………………………………………………. 

Gender:………………………………………………. 

Village/Town:………………………………………… 

 

1. Do you have any source of income? If yes, what kind of income?  Salary or fuelwood 
sale, local fruits sale, both, or others. If others, specify 
…………………………………………………………………………… 

2. Which one is your main source of income? 
......................................................................................................... 

3. If fuelwood sale, where do your source your fuelwood? 
…………………………………………………………………………… 

4. How do you source your products? Buying or collecting  
If you are buying, how much does it cost you per unit (kg or bundle)? 
…………………………………………………………………………… 

5. How many units do you need per month? 
…………………………………………………………………………… 

6. How much are you selling per unit (kg or bundle)? 
…………………………………………………………………………… 

7. How many do you sell per month? 
…………………………………………………………………………… 

8. Do you adjust your price of firewood with seasons? If yes, when does it change and 
why? 
……………………………………………………………………………. 

9. For how long have you been doing this business?  
1 year or 2 – 5 years, 5 – 10 years or > 10 years 

10. Any competition in the business? 
…………………………………………………………………………… 

11. Do you get support from government or any other NGOs? If yes, what kind of 
support? 
…………………………………………………………………………… 

12. Does the business improve your standard of living? If yes, how? If no, why? 
…………………………………………………………………………… 

13. Do you experience any difficulties in getting or selling your products? If yes, what 
kind of problems? 
…………………………………………………………………………… 

14. Any general comments or questions you would like to share with us? 

…………………………………………………………………………………… 
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APPENDIX C: BIOMASS ASSESSMENT  
 

1. Quantify amount of collected firewood 

Fresh firewood collected at ONA scrubland 

Plot 
No. 

No. of 
collectors 

No. of 
bundles 

Total 
mass (kg)

Ave. 
length 
(m) 

Ave. 
thickness 
(cm) 

1 2 3 48.8 1.34 2.75 

2 2 3 58.5 1.35 3.00 

3 2 3 66 1.44 2.85 

4 2 4 73.5 1.47 3.25 

5 2 4 76.6 1.37 3.90 

6 2 4 73.5 1.42 4.05 

7 2 4 55 1.44 3.50 

8 2 2 19.5 1.34 3.05 

 
Dry firewood collected at ONGU woodland 

Plot 
No. 

No. of 
collectors 

No. of 
bundles 

Total 
mass (kg)

Ave. 
length 
(m) 

Ave. 
thickness 
(cm) 

1 2 2 43.5 1.32 3.85 

2 2 3 79.5 1.34 3.55 

3 2 0 0 0 0 

4 2 4 92 1.36 4.05 

5 4 3 35 1.32 2.57 

6 2 2 35 1.31 4.00 

7 2 0 0 0 0 

8 4 3 53.5 1.34 3.53 

9 2 6 123 1.33 3.70 
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2. Laboratory Analysis: Each wood property was recorded in a separate form. 

Moisture content (MC) % 

Species Initial mass (g) Oven-dry mass (g) Ave. MC 
% 

Sample 1 Sample2 Sample 1 Sample 2  

Terminalia 
Sericea 10.5177 11.1173 9.4832 10.0265 10.89397 

Terminalia 
Pruinoides 6.376 10.9737 5.8195 9.9583 9.879598 

Acacia arinaria 11.5665 4.9365 10.2475 4.3743 12.86189 

Colosphermum 
mopane (from 
ONA) 7.3865 7.1628 6.4224 6.6313 11.51327 

Colosphermum 
mopane (from 
ONGU) 7.1609 4.9333 6.5336 4.5137 9.448641 

Sclerocarrya 
birrea (shells) 3.6145 3.7383 3.3979 3.4837 6.841424 

 

Ash content (AC) % 

 

Species 
Mass of 
crucible (g) 

Ovendry 
weight 
(g) 

Ash 
weight (g) AC (%) 

Terminalia Sericea 17.1839 17.5689 17.1865 0.6753 

Colosphermum mopane 
(from ONA) 20.0478 20.5275 20.0616 2.8768 

Colosphermum mopane 
(from ONGU) 18.8693 19.3378 18.8760 1.4301 

Terminalia Pruinoides 19.1349 19.7322 19.1467 1.9756 

Sclerocarrya birrea 
(shells) 18.0218 19.8850 18.0485 1.433 

Acacia arinaria 28.5763 29.2582 28.5841 1.1438 
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Density (g/cm3) 

 

Species 
Ave. Volume 
(ml) 

Ave. Oven-
dry mass 
(g) 

Ave. 
Density 
(g/cm3)  

Terminalia Sericea 8.5 6.5838 0.7755 

Colosphermum mopane 
(from ONA) 6.9 5.3869 0.7767 

Colosphermum mopane 
(from ONGU) 8.9 6.1205 0.6868 

Terminalia Pruinoides 7.3 5.6892 0.9041 

Sclerocarrya birrea 
(shells) 5.4 3.9366 0.7357 

Acacia arinaria 7.9 6.2190 0.7747 

 

Calorific Value (MJ/kg) 

Species CV (MJ/kg) 
Terminalia sericea 19.16 
Colosphermum mopane from ONA 18.18 
Colosphermum mopane from ONGU 19.06 
Terminalia pruinoides 18.03 
Sclerocarrya birrea (shells) 19.18 
Acacia arinaria 18.17 
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