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Abstract

Bush encroachment affects an estimated 45 

million hectares of Namibian rangelands, 

thereby reducing their productive capacity and 

biodiversity. 

Measures to reduce bush encroachment create 

multiple opportunities to strengthen the 

Namibian economy, including by producing 

charcoal, animal fodder, biochar, fuel for power 

generation, hydrogen, and many others. 

Developing Namibia’s bush resource will boost 

the country’s agricultural output, create much-

needed employment and economic growth 

while offering scope for investments in fuels 

and materials from bush biomass without 

competing with local food production.

2



Bush encroachment refers to the thickening of woody bush species across Namibia’s 

rangelands in areas where their distribution does not form a significant part of the state 

of the natural vegetation [1]. 

One distinguishes between "encroacher bush", referring to indigenous species that 

become a dominant participant in bush encroachment, and "invader bush", which 

applies to bush encroachment by alien invasive species [1].

Introduction – Bush Encroachment in Namibia

Causes and Implications of Bush Encroachment

Bush encroachment in Namibia is caused by poor rangeland management practices, 

such as overgrazing and a reduction in the frequency of fires, as well as due to climate 

change [2]. 

Today, more than 60% of Namibia's savanna rangelands are affected by bush 

encroachment [1]. This has reduced the carrying capacity of bush-encroached 

rangelands by between 40% and 90%, thereby lowering income from beef production by 

more than N$2.7 billion per annum [1], i.e. approx. € 145 million per year [2]. 

These losses do not include the cost associated with the long-term degradation of 

rangelands and overall reduction of the effectiveness of ecosystem services [3].
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An estimated 45 

million hectares of 

Namibian rangelands 

are affected by bush 

encroachment, as 

illustrated in Figure 2. 

This implies that the 

country’s biomass 

resource from 

encroacher bush 

amounts to 

approximately 450 

million metric tons, 

under the assumption 

that an average of 10 

tons of biomass can 

be harvested per 

hectare [1]. 

Namibia’s Bush Biomass Resource

Encroacher bush regenerates itself within 5 to 15 years, provided that little or no after-

care measures are taken following its harvesting, and noting that the actual re-growth 

rate is species-specific [1]. This translates into a conservative annual re-growth rate of 

3% per year, which depends on the amount and timing of rainfall, type of bush species, 

degree of soil disturbance during harvesting, after-care measures applied and other 

factors. At a re-growth of 3% per annum, Namibia’s bush biomass resource increases 

by some 13.5 million tons every year [6]. 
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Namibia’s Bush Encroachment Challenge

Namibia's bush-encroached rangelands fall mainly within the country’s semi-arid 

savannas, which are characterised by an annual rainfall varying between some 300 mm 

per year in the west to more than 600 mm per year in the north-eastern parts of the 

country [1], [3]. In addition, invader bush in the form of prosopis occurs in many of the 

main ephemeral rivers in southern and central Namibia [1].



In order to restore rangelands and enhance ecosystem services, contemporary land 

management practices suggest that the systematic thinning of bush – as opposed to the 

complete clearing of affected rangelands – is the preferred approach to improve the 

quality and sustainable yield of natural pastures. Thinning entails the reduction of bush 

densities to reach a vegetation state that offers patchy concentrations of bush species 

rather than their homogeneous distribution across rangelands [1]. 

Managing Bush Encroachment

Production costs of traditional cattle farming is increasing faster than the price of beef 

[1]. As a result, many farmers seek to diversify their on-farm sources of income. 

Enhancing the productivity of land is one such option and can be realised by increasing 

the stocking rate following the selective thinning of bush-encroached land. 

Selling biomass from harvested encroacher bush, for example in the form of firewood 

and wood chips, is increasingly more popular. In addition, various value additions to 

bush biomass, such as the production of charcoal, biochar and animal feed, broaden 

the sources of on-farm income, create local employment while supporting further 

rangeland restoration and bush control measures. 

Adding Value by Bush Thinning
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Using Biomass from Namibian Encroacher Bush

In 2020, more than one-half of all Namibian households continue to use wood for 

cooking and/or space heating. An estimated two million tons of biomass from 

encroacher bush was used  in the same year [7]. The charcoal industry used some 

one million tons of woody biomass, most of which was exported [5]. Some 0.6 

million tons of bush was harvested for use as firewood [23], some 0.3 million tons 

as fencing material [24], some 20,000 tons for wood chips [24], and smaller 

amounts for torrefied biomass pellets, briquettes and to produce biochar [15]. 

Reliable biomass harvesting data remains unavailable, as is the amount of 

biomass lost as a result of intentional and accidental fires [4]. 

The above figures are estimates but nevertheless illustrate that the country’s 

biomass resource far exceeds the current demand. Many additional bush use 

activities are possible without depleting the biomass resource, thereby offering 

multiple opportunities for additional value addition and use [5], [15], [24]. 



Various approaches are used to control encroacher bush in Namibia. Of note is the use 

of bush thinning, rather than the complete eradiation of bush, which is achieved by

• manual cutting and mechanical clearing using a variety of heavy-duty machinery

• selective removal of individual trees, either by manual or semi-mechanised means

• application of chemical arboricides, as well as

• the use of fire as well as various biological control methods. 

In the past, rangeland owners often selected an approach to bush reduction that was 

based on personal familiarity or past experiences, preferences and the cost/affordability 

of measures, rather than their long-term effectiveness.

Approaches for the Control of Encroacher Bush

6



Manual bush thinning using axes, machetes and chainsaws are highly intensive in terms 

of their labour, time and management requirements. These approaches, when 

undertaken for the sole purpose of restoring rangelands, are costly, while offering low 

yields. However, manual bush thinning can be highly species selective. 

On the other hands, semi-mechanised approaches include the use of machines 

equipped with a horizontal rotary cutter or circular sawblade, which reduces physical 

labour requirements and increases the yield that can be achieved per harvester.

Manual and Semi-mechanised Bush Control

Mechanised bush thinning entails the use of excavators equipped with hydraulic 

implements to grab and cut bush. Other approaches are often less selective, for 

example sweeping larger tracts of land using heavy-duty chains drawn by tractors. 

Generally, higher degrees of mechanisation imply larger unintended environmental 

impacts, such as harvesting protected tree species and creating large-scale soil 

disturbances.

Mechanised Bush Thinning
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The absence of regular fires is amongst the key reasons for bush encroachment in 

Namibia. Today, most contemporary rangeland practices result in the minimisation of 

fires. However, fires remain necessary for healthy ecosystems, by amongst others, 

reducing excess biomass and stimulating the growth of grass, shrub and bush 

seedlings.

Browsing animals, including several game species, sheep and goats effectively reduce 

the re-growth of bush and keep its density in check. Another form of biological control 

includes the application of certain fungi. However, effective methods to spread these to 

combat bush encroachment are still being investigated.

Fire and other Biological Controls

In the past, the use of arboricides were incentivised. However, the non-judicious 

application of arboricides can promote the re-establishment of new bush seedlings, 

which may aggravate the spread of bush. 

Namibia’s Forest Act of 2001 and recent amendments prohibit the use of aerial chemical 

treatment to eradicate bush, while selective manual application of arboricides remains 

permissible [8]. 

Manual applications of bush control measures include the use of arboricides; these 

often contain bromacil and tebuthiurone. Such chemical cocktails are often packaged in 

the form of pellets, or as a powder or in solution. These are then directly applied to the 

soil, from where the chemical ingredients eventually percolate into the ground towards 

the root systems of plants. Here, the chemicals are taken up by the roots, which leads to 

the eventual die-off of the affected plants. 

Generally, and even if arboricides are carefully placed close-by the plants that are being 

targeted for control, chemicals are also absorbed by non-targeted or even protected 

plants close-by the target plants. As a result, most chemical control measures are 

considered insufficiently specific, and may also negatively affect non-targeted and 

beneficial woody plant species in bush-encroached areas. 

Chemical Bush Treatment and Control Options
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It is widely recognised that after-care of recently harvested lands is critically important if 

the gains made by way of bush thinning are to be sustained. This is because weeds and 

woody plant species quickly re-colonise bush-encroached land following thinning. 

After-care methods include the manual application of arboricides, the selective burning 

of stems and enabling access of recently thinned lands to small stock and antelopes. 

The intensity of re-growth varies significantly and depends on the prevailing bush 

species, the degree of soil disturbance created during thinning and local rainfall. Bush 

thinning is therefore best accompanied by a rangeland management program aiming to 

minimise the undesirable re-growth of bush species.

After-care – Managing Thinned Rangelands

Controlling bush on Namibian rangelands remains challenging. This is because most 

bush species are resilient, are known to coppice after felling, outdoor working conditions 

are tough on staff and equipment, and they are costly. However, most farmers have 

realised that the active management of bush is essential, and that, what is often viewed 

as a nuisance, can be used to diversify the rural income base and enhance the 

productivity of natural rangelands. 

Today, the perception that bush encroachment is a problem that must be eradicated is 

changing towards a view that Namibia’s bush resource offers numerous value-adding 

opportunities. This change of perceptions has, amongst others, led to the establishment 

of the Namibia Biomass Industry Group (N-BiG) [7] and the strengthening of the 

Namibia Charcoal Association (NCA) [11]. 

Many local actors engaged in the management of bush encroachment have benefitted 

from the De-bushing Advisory Service Namibia (DAS) [12], which is a support and 

advisory initiative supported as part of the Deutsche Gesellschaft für Internationale 

Zusammenarbeit (GIZ)’s Bush Control and Biomass Utilisation (BCBU) Project [13]. 

Encroacher Bush - From Nuisance to Opportunities
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N-BiG is a not-for-profit industry association of Namibian biomass producers that 

supports the multiple uses and value addition to the bush biomass resource. 

In 2015, N-BiG was formally incorporated, and commenced its operations under the 

auspices of its founding members and with financial support by the GIZ [7], which was 

provided under the agreement on development cooperation between Namibia and 

Germany. 

In 2020, N-BiG had some 100 members, including biomass harvesters, processors, 

logistic firms, a farmers’ union and individual communal and commercial farmers [24].

Namibia Biomass Industry Group (N-BiG)
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NCA is a not-for-profit member-based organisation that aims to strengthen the country’s 

charcoal industry by supporting initiatives and operations of its members and the wider 

industry. 

NCA emphasises the importance of the responsible growth of the charcoal industry, 

taking the environment, economic impacts and social aspects of its stakeholders into 

consideration [11]. 

In 2020, the NCA has some 1,400 members, which include small-, medium- and large-

scale charcoal producers and a variety of associated commercial operators [5].

Namibia Charcoal Association (NCA)

DAS is a national information platform to support initiatives relating to bush 

encroachment, bush thinning and the value addition to biomass. It aims to address the 

skills, knowledge and information needs of actual and potential actors across the 

country’s biomass industry. 

Services provided by DAS are aimed at enhancing capacities that empower farmers, 

workers, contractors and small and medium enterprises to effectively implement bush 

control measures and advance the value-added use of the bush biomass resource [12]. 

De-bushing Advisory Service Namibia (DAS)



The development cooperation between Namibia and Germany emphasises the 

promotion of bush control measures and creation of biomass value chains. In response, 

the GIZ in close collaboration with the then Ministry of Agriculture, Water and Forestry, 

initiated the BCBU Project in 2014, which is to continue until 2021 [13]. 

The Bush Control and Biomass Utilisation (BCBU) Project aims to support the 

establishment and implementation of suitable framework conditions and processes for 

the sustainable harvesting and use of bush biomass, by amongst others, providing 

support to DAS, N-BiG and NCA .

The Bush Control and Biomass Utilisation Project

ProBATS is a joint Namibian-German technical cooperation project to enhance the 

country’s economic development [9]. It focuses on the implementation of strategies to 

promote private sector development and develop financial systems, thereby fostering 

business growth and employment creation [9]. 

In Namibia’s biomass sector, ProBATS promotes the strengthening of biomass 

production value chains. Of note is the introduction of efficient and environmentally 

friendly technologies that enhance the capacity, efficiency and sustainability of local 

charcoal production [9].

Promotion of Business Advisory and Economic 
Transformation Services (ProBATS)
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The rapid re-growth of encroacher bush on thinned-out rangelands implies that the 

control, management and after-care of harvested areas is elaborate and costly. These 

aspects emphasise the importance of creating revenue-generating opportunities for the 

use of harvested bush biomass, including by way of the value-addition to the resource. 

The application of bush thinning also produces valuable biomass that offers multiple 

income-generating opportunities for farmers as well as a variety of small-, medium- as 

well as large-scale users and those providing services across the value chain. 

Commercial Bush Biomass Uses



Opportunities for value addition from bush biomass exist for various energetic end-uses, 

as well as for a variety of material uses of the harvested biomass. Energy-related 

products using the Namibian bush resource include the production of wood logs for 

firewood, charcoal, wood chips, briquettes and pellets for thermal uses. 

In contrast, material uses of the bush biomass include, amongst others, the production 

of animal feed, poles, fencing and building materials and for end-use in industry. 

To date, charcoal and firewood production operate fully commercialised and well-

established value chains. Increasingly, the local market for wood chips for thermal uses 

expands, noting however that the number of off-takers remains limited. 

A variety of local as well as export opportunities for biomass from encroacher bush offer 

further scope in future, including for use to generate heat and electricity and for various 

material end-uses as described below.
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A large variety of woody biomass raw materials are suitable precursors for producing 

hydrogen. The gasification of biomass results in syngas, i.e., a mix of gases consisting 

of hydrogen, carbon monoxide, and carbon dioxide. Other biomass-related hydrogen 

production processes entail the use of biogas in steam reforming, or using bacteria to 

induce the fermentation of feedstock, and splitting water by way of photo-biological 

approaches. Most of the latter processes, however, necessitate further development to 

reach commercial maturity, and their overall viability remains uncertain. 

Most biomass feedstock regrows in time. Often, the use of biomass is viewed as being 

carbon-neutral, as similar amounts of carbon dioxide are emitted during biomass 

decomposition as are absorbed during the growth phase. However, using naturally 

occurring biomass resources, such as the Namibian encroacher bush resource, is 

generally not entirely greenhouse gas (GHG) neutral. This is because harvesting, 

processing, and transporting of such biomass results in GHG emissions, over and 

above those from soil disturbances caused during such activities. It would be premature 

to conclude that Namibia’s biomass resource is unsuitable to produce hydrogen. At the 

same time, it must be realized, that numerous challenges remain to be resolved before 

Namibian encroacher bush can feed local hydrogen production facilities.

Encroacher Bush for Hydrogen Production?



To date, the largest demand for biomass from Namibian encroacher bush is for the 

production of charcoal. In 2020, Namibia will export  almost  200,000 tons of charcoal, 

all of which for leisure use [5]. Of these, some 100,000 tons are destined for Europe, 

mainly to the United Kingdom, Germany, Greece, Spain and Turkey, while some 80,000 

tons are exported to South Africa [5]. Current export volumes imply that Namibia is on 

fifth place in international rankings for the supply of charcoal [15]. 

Increasingly, international consumers are aware of the potentially negative 

environmental impacts due to charcoal production. However, in contrast to many other 

products, charcoal made from Namibian encroacher bush, is not derived from protected 

tree species or tropical wood and contributes to the restoration of rangelands and 

ecosystem services. This is a unique value proposition associated with Namibian 

charcoal from encroacher bush which is gaining international recognition.

Local charcoal producers are increasingly signing up for certification by the Forest 

Stewardship Council (FSC), based on an FSC standard that is well-suited to Namibian 

conditions. This standard has seen the tripling of production areas certified by the FSC 

in the last three years. In 2020, some 20,000 tons of Namibian charcoal were FSC 

certified, indicating that further upscaling potentials remain considerable.

Charcoal Production
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Namibia is prone to recurring droughts and highly vulnerable to the impacts of a 

changing climate. A product that livestock farmers have found to be well-suited to 

survive droughts is boskos, which refers to animal fodder made from encroacher bush. 

Various studies and on-farm demonstrations have shown that milled fibre from bush 

biomass can be fed to cattle and small stock, provided that it is mixed with supplements 

and its intake is controlled. As such, bush-based animal fodder provides a local source 

of feed supplement, particularly in a drought, while benefitting from Namibia’s abundant 

bush resource [18]. 

Numerous farmers have started producing boskos, which is easy to manufacture and 

does not require a large capital outlay. Such fodder can be produced by small-scale 

farmers using an axe and hammer mill, while entrepreneurs typically invest in wood 

chipping and pelleting machines to make such goods commercially available [18].

Boskos: Bush-based Animal Fodder 
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Biochar from encroacher bush is used to enhance the soil’s capacity and as an additive 

to animal feed. Its value lies in readily absorbing moisture, minerals and 

microorganisms, which in turn boosts the productivity of treated soils. These 

characteristics are of particular value where nutrient-poor soils and low or irregular 

rainfall occur, increasing the soil organic carbon content and enhancing the soil’s 

resilience to recurring drought. It is also suggested that biochar promotes the digestion 

of fodder by animals [16].

Biochar from encroacher bush is used to enhance the soil’s capacity and as an additive 

to animal feed. Its value lies in readily absorbing moisture, minerals and 

microorganisms, which in turn boosts the productivity of treated soils. These 

characteristics are of particular value where nutrient-poor soils and low or irregular 

rainfall occur, increasing the soil organic carbon content and enhancing the soil’s 

resilience to recurring drought. It is also suggested that biochar promotes the digestion 

of fodder by animals [16].

Biochar
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Two principal international biochar certification bodies exist, i.e. the International Biochar 

Initiative’s (IBI) Biochar Standard and the European Biochar Certificate (EBC). IBI only 

certifies biochar produced in the United States and Canada. EBC certification 

necessitates an initial on-site examination and subsequent batch certifications [16]. In 

2019, trials using mainly red-thorn and black-thorn bush species indicated that biochar 

from these Namibian encroacher bush species produced in Kon-Tiki kilns met the EBC’s 

feed char standards [16].

In late 2020, the production and use of biochar in Namibia remains in its infancy, and a 

local market does not yet exist. In contrast, Brazil, China, India, Japan and Mexico 

produce significant amounts of biochar, while most large-scale manufacturers are in 

North America and Europe. Namibia’s encroacher bush offers considerable 

opportunities to make inroads into markets where the awareness and uses of biochar 

are already established, including in the United States and in Europe [16].

In addition to the aforementioned uses of bush biomass, two industrial-scale end-users 

exist in Namibia in 2020, namely Ohorongo Cement and Namibia Breweries. These 

entities use wood chips to generate heat that is required as part of their production 

process, consuming almost 20,000 tons in 2020 [24]. 

Industrial Uses of Encroacher Bush Biomass
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The national power utility NamPower plans the 40 MW biomass-fuelled Otjikoto power 

plant near Tsumeb [26]. This power plant will require some 205,000 tons of wood chips 

per year, assuming a plant capacity factor of 70%. At an average harvesting yield of 10 

tons of wood chips per hectare, the fuel required over the 25-year life-of-plant 

necessitates bush thinning across an area of just above 400,000 ha. 

Thinning large areas is expected to significantly improve rangeland conditions, noting 

that the required area to provide for the needs of a bush-to-electricity power plant 

remains a small fraction when compared to the overall area affected by encroacher 

bush in Namibia. The planned Otjikoto power plant is expected to create numerous 

opportunities for suppliers and operators of bush harvesting and processing equipment, 

biomass suppliers as well as a multitude of related service providers [22]. 

The commercial and industrial use of bush biomass necessitates that its supply is 

secure. This implies that the harvesting, storage, stockpiling and provisions to transport 

supplies to off-takers are reliable and cost-effective, irrespective of the ever-changing 

weather, harvesting, logistics and processing realities. These are challenges that remain 

to be ironed out before large-scale uses of Namibian bush biomass become a reality.
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In 2020, almost two million tons of bush biomass was used in Namibia which is a 

fraction of the annual re-growth of the bush resource, estimated at 13.5 million tons per 

year [1], [7]. Evidently, current bush biomass uses offer most substantial and as yet 

untapped potentials for upscaling.

A primary requirement for the increased commercialisation of the bush biomass 

resource is the creation of sustainable, reliable and cost-competitive supply structures 

for the large-scale use of the resource. As part of the GIZ BCBU project, a joint initiative 

with the German Institute for Applied Material Flow Management of Trier University was 

launched, to develop a strategy for a so-called Biomass Industry Park (BIP), which is to 

be located just north of Otjiwarongo [21]. 

The BIP is to bring together different bush-based industries at a single location, thereby 

creating the conditions to set in motion the systems and processes to produce and 

value-add to biomass on a larger scale. The BIP is to establish the economies of scale 

required to lower the cost of production and supply of different forms of biomass from 

encroacher bush, establishing a commercial growth point and to attract multiple 

biomass suppliers as well as producers of value-added products from the bush resource 

[21]. 

The degree of sophistication of the market for biomass will determine how successful an 

off-taker will be in sourcing and securing long-term supply agreements that meet the 

given supply requirements. In 2020, the local market for biomass fuel from encroacher 

bush remains small and immature. It has capacities to supply a few tens of thousands of 

tons of biomass per annum but may struggle to upscale efforts to reliably serve multiple 

utility and industrial off-takers. 

This supply gap creates multiple opportunities for national as well as international 

investors wishing to infuse their expertise to strengthen the local biomass value chains, 

including but not limited to the following:

1. Robust and cost-effective mobile and stationery biomass chippers and shredders 

able to cope with harsh local operating conditions 

2. Biomass screening systems to separate contaminants from woodchips 

Upscaling Namibia’s Fledgling Biomass Industry
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3. Pelleting and extrusion systems for biomass fuel production as well as for animal 

feed

4. Innovative and cost-effective kiln and carbonisation technologies and systems

5. Logistics and bulk haulage services for the large-scale transport of processed bush 

biomass feedstock and related products

6. Specialised bulk processing, packaging, handling and conveyancing systems, 

equipment and services as are needed for the export of processed bush biomass 

fuel

7. Systems for humic acid production and related products with industrial uses

8. Laboratory, quality assurance and certification services for bush biomass products.
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In 2017, the Government of Namibia released guidelines to streamline the process of 

authorisations to engage in bush harvesting [17]. They spell out how regulated 

processes such as biomass harvesting are to take place, including for industrial-scale 

applications. While select teething problems and bottlenecks remain, these are regularly 

addressed and improved on, with the Government and private sector actors supporting 

each other. 

Today, broad consensus exists that further efforts are needed to attract much-needed 

investments in the local biomass industry. However, a national de-bushing programme

is not on the cards, and incentives to upscale promising economic endeavours, such as 

charcoal, animal fodder and biochar, amongst others, are not available to date [20]. 

The development of the market for products made from encroacher bush will therefore 

continue to depend on initiatives such as the commissioning of an industrial-scale off-

taker, such as NamPower’s envisioned biomass-fuelled power plant,  the roll-out of 

industrial-scale biomass production facilities in the form of a Biomass Industry Park as 

well as assessments regarding the large-scale supply of biomass for power production, 

both in Namibia as well as beyond the country’s borders.

National de-bushing requires access to long-term financing. Funding is unlikely to be 

made available by the Government of Namibia alone, and therefore creates 

opportunities to pool resources of both public and private sector actors. Such 

endeavours are likely to benefit from Namibia’s existing bi- and multilateral 

arrangements. 

An emphasis on the nexus between the requirements to adapt agricultural practices to a 

changing climate and favouring low- or no-carbon fuels is likely to advance the 

implementation of concepts revolving around the development of Namibia’s bush 

biomass resource, possibly also including applications in the emerging hydrogen 

economy.

Namibia’s Bush Biomass Industry
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Multiple opportunities exist for investors wishing to engage in activities that can benefit 

Namibia’s biomass value chains.

Particular needs include the following products and services:

• Robust mobile and stationery chippers and shredders

• Biomass screening systems, to remove contamination from chipped produce

• Pelleting and biomass extrusion systems for briquettes

• Cost-effective kiln and carbonisation technologies

• Specialist logistics and bulk haulage services for the large-scale conveyance of 
biomass 

• Bulk processing, packaging, handling and conveyancing systems, equipment and 
services as required for the export of biomass

• Systems to products that have specialist applications in industry

• Laboratory, quality assurance and certification services

• Development of hydrogen production capacities using bush biomass resources

The above are typical examples and other specialist products and services are 

expected to be in demand as the scale of the bush biomass sector increases.

A key requirement for the commercialisation of bush biomass products is the creation of 

sustainable, reliable and cost-competitive supply structures and associated value 

chains. To this end, products and services of special commercial interest are those that

• cost-effectively  scale up and enhance the viability of bush biomass production and its 

value addition on commercial scales, while

• lowering the cost of biomass production, supply, value addition, marketing and sales. 

Investment Opportunities in Namibia’s Bush 
Biomass Industry
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