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Executive Summary 

Biomass is widely used across the Southern African Development Community, including in South 

Africa.  A large proportion of the existing resource is used in relatively inefficient, small scale devices, 

including combustion of fuel wood for heating and cooking, although larger scale applications can be 

found in some regions. 

The land base and agricultural patterns in southern Africa could yield large quantities of biomass for 

more strategic use, but the size of the biomass resource that may be available in the future has not 

been robustly tested or demonstrated. It is important that the potential resource is quantified with 

due regard to environmental, social and economic sustainability constraints. Many relevant 

feedstocks have also not been well characterized to date. The physical characteristics, diversity and 

dispersed nature of the resource mean that significant levels of feedstock processing will be 

required, integrated with appropriate supply chain logistics. 

A variety of different conversion routes could be adopted, matching the different feedstocks to 

specific energy demands.  In some cases there is already significant research capability that could be 

exploited, but, in general, there is a need to better understand the most appropriate conversion 

technologies for less thoroughly examined feedstocks and to characterize the behaviour of African-

specific feedstocks in relevant conversion processes. 

A key role of bioenergy development in southern Africa is to improve energy access to support 

livelihood and social development. It is therefore essential to appreciate the location, magnitude 

and nature of different energy demand vectors to understand whether the main requirements are 

for large or small scale electricity, liquid fuels, syngas, fertilizer, chemicals or heat.  Knowledge about 

the demand sectors exists at national level, but has not previously been considered alongside 

bioenergy supply/resources in specific regions.  

It is vital that development of new bioenergy capacity contributes to local and global environmental 

sustainability and that potential negative impacts of bioenergy systems are identified, managed and 

mitigated.  

Calculating greenhouse gas balances is a key component of evaluating and understanding the 

environmental risks involved in bioenergy systems. Bioenergy has potential to reduce the carbon 

intensity of South !ŦǊƛŎŀΩǎ Ŧƻǎǎƛƭ-fuel dominated energy supply if biomass sourcing and conversion is 

carried out in a way that reduces, not increases net global greenhouse gas emissions.  Establishing 

this is non-trivial, as it requires careful consideration of the full scope of the bioenergy system, 

interfaces with other systems (particularly food) and detailed consideration of the land-use 

implications for soil and other carbon stocks. 

It is equally important to evaluate other environmental impacts of bioenergy implementation. 

Emissions to air are often particularly important when dispersed biomass resources and energy 

demands lead to small scale conversion facilities. However, control of emissions from small scale 

conversion processes is challenging, as it requires adaptive control in response to feedstock 

variations, but small scale monitoring instrumentation is often uneconomic and unrepresentative 

because of edge effects, non-uniform flow and device dynamics.  



 

 
 

Emissions to land need to be considered to ensure that there is adequate recycling of nutrients and 

organic carbon to maintain soil fertility. Integration of bioenergy strategies with waste management 

strategies can yield mutual benefits, but care is needed e.g. when land-spreading ash or digestate to 

avoid accumulation of heavy metals or bacteria.  Emissions to water also need to be better 

understood, and in particular, water use compared to local availability. Finally, land use and land use 

change impacts need to be considered not only from an environmental perspective in order to avoid 

indirect greenhouse gas emissions and land degradation, but also from a socio-economic 

perspective.  

 

There is potential for increased levels of bioenergy deployment in southern Africa to deliver socio-

economic benefits including improving rural energy access, reducing costs of energy provision and 

providing economic and socially sustainable development by boosting rural agriculture and 

facilitating participation of rural communities in the agricultural value chain.  Bioenergy can deliver 

energy access to rural communities to reduce energy poverty associated with poor social mobility.  

Schools benefit substantially from energy for light, cooking and computing facilities. Energy access 

can also allow small businesses to develop as goods can be transported to market and there may be 

particular synergies here with biomass transportation infrastructure being used for transport of 

other goods/services.  

 

These objectives will only be attained if the knowledge gaps, technical and non-technical barriers 

listed above are addressed by researchers and collaborators. A summary of key contacts who are 

taking forward research in the relevant areas is given in Appendix A, who are available for contact by 

interested parties. 

 

1. Background 

This report is based around a workshop funded by the British Council and held in South Africa in 

September 2014.  The workshop was organized by Dr Patricia Thornley of The University of 

Manchester and Prof. Emile van Zyl of the University of Stellenbosch.  Expert mentors included Prof. 

Jim Lynch (emeritus Surrey), Prof. Johann Gorgens (Stellenbosch), Prof. Tim Benton (Leeds) and Mr 

Nico Stolz (TSB).   A full list of participants is given in Appendix A. 

 

 



 

 
 

 
Figure 1: Workshop participants.  

 

The participants were split into groups and challenged to develop sustainable visions of integrated 

food-fuel futures in the Southern African Development Community (SADC) (Angola, Botswana, 

Democratic republic of Congo, Lesotho, Madagascar, Malawi, Mauritius, Mozambique, Namibia, 

Seychelles, South Africa, Swaziland, United Republic of Tanzania, Zambia and Zimbabwe).  

 

The SADC is committed to ensuring the well-being of the region by ensuring that low income 

residents have access to energy and increasing regional energy self-sufficiency. It has a co-operation 

strategy on energy which notes that wood fuel is and will continue to be the dominant fuel in the 

region and so sustainable, rational and environmentally benign use needs to be developed with local 

communities [1]. There is also explicit support in the SADC for new and renewable sources of energy 

including biogas [1]. 

 

The experience of and discussion between participants is mostly based on knowledge pertaining to 

South Africa. However, there appear to be many common issues with bioenergy development in the 

wider SADC region and so the report is likely to also be of relevance in that context. 

2. Introduction 

Africa is the second largest and most populous continent in the world. It covers 20% of the available 

land area worldwide in 53 countries. aƻǊŜ ǘƘŀƴ ƘŀƭŦ ƻŦ !ŦǊƛŎŀΩǎ фллҌ Ƴƛƭƭƛƻƴ ǇŜƻǇƭŜ Řƻ ƴƻǘ have 

access to electricity, yet Africa has abundant resources, including sun, wind and biomass. Biomass is 

the main source of energy for most of southern Africa, mainly used for cooking and heating. 

Projections of future resources (such as by Smeets et al. [2], reproduced in figure 2) show that Africa 

has very significant future bioenergy potential, especially under high technology future food 

production systems (e.g. enclosed cattle housing and intensive feed production). The vast majority 

of feedstocks, however, are expected to take the form of dedicated woody crops.  

 



 

 
 

 
Figure 2: Projected global biomass supply [2].  

 

Energy is recognised as playing a critical role in efforts to address poverty. The UN Secretary-

General, Ban Ki-aƻƻƴΣ ŀǊƎǳŜŘ ǘƘŀǘ ŜƴŜǊƎȅ ƛǎ ΨǘƘŜ ƎƻƭŘŜƴ ǘƘǊŜŀŘ ǘƘŀǘ ŎƻƴƴŜŎǘǎ economic growth, 

ƛƴŎǊŜŀǎŜŘ ǎƻŎƛŀƭ ŜǉǳƛǘȅΣ ŀƴŘ ŀƴ ŜƴǾƛǊƻƴƳŜƴǘ ǘƘŀǘ ŀƭƭƻǿǎ ǘƘŜ ǿƻǊƭŘ ǘƻ ǘƘǊƛǾŜΩ [3]. The designation of 

2014 ς нлнп ŀǎ ǘƘŜ άLƴǘŜǊƴŀǘƛƻƴŀƭ 5ŜŎŀŘŜ ƻŦ {ǳǎǘŀƛƴŀōƭŜ 9ƴŜǊƎȅ ŦƻǊ !ƭƭέ ŦǳǊǘƘŜǊ ƘƛƎƘƭƛƎƘǘǎ ǘƘŜ 

increased global emphasis on the provision of sustainable energy, particularly for the poorest.   

South Africa has a population of 53 million, of whom 62% live in urban areas.  Although efforts to 

tackle deprivation have led to reductions in the number of people living in poverty, it remains a 

critical issue: in 2011, 46% of the population of South Africa lived in poverty and, of these, 20% lived 

in extreme poverty [4].  Traditional biomass remains a key source of energy in South Africa, 

particularly for cooking and boiling water, although this varies according to province, with only 0.6% 

of the population relying on biomass in the Western Cape, but 41% in Limpopo [5].     

Access to electricity has increased from 77% of the population in 2002 to 85% by 2012 [5].  However, 

for many households, access to electricity remains limited and restricted to lighting services.  To 

transform lives, access should go beyond meeting basic needs to stimulate small businesses and 

provide energy for communities.   



 

 
 

 

Figure 3: Significance of Africa in the context of global land area. 

 

The situation in sub-Saharan Africa is even austere: over 40% of people in Sub-Saharan Africa live in 

absolute poverty and 620 million (two thirds of the population) live without electricity. Nearly 730 

million people rely on dangerous, inefficient forms of cooking and the use of solid biomass 

outweighs that of all other fuels combined.  

Bioenergy has potential to help unlock cycles of poverty by developing energy security, food 

security, job creation, income diversification and rural development. Care is needed because 

bioenergy could have both positive and negative impacts on local food security.  For example, 

increased bioenergy production may lead to a reduction in land used to produce staple crops, 

meaning less food is grown locally and impacting food prices. But conversely, bioenergy systems 

could improve food security through improvements in agricultural productivity and the development 

of value added products.  A key issue for future food/ fuel systems is therefore the need to take into 

account the social, economic and livelihood impacts.  Integrated food-fuel futures can combine 

sustainable bioenergy with food production to promote social and economic development, but how 



 

 
 

local people are incorporated into future food/ fuel systems will be critical for determining whether 

ƳƻŘŜǊƴ ōƛƻŜƴŜǊƎȅ ǎȅǎǘŜƳǎ Ŏŀƴ ŘŜƭƛǾŜǊ ōŜƴŜŦƛǘǎ ǘƻ {ƻǳǘƘ !ŦǊƛŎŀΩǎ ǇƻƻǊŜǎǘΦ 

The world has resources, especially of land and fresh water.  As the population grows, the amount of 

agricultural land per capita in the world shrinks proportionatŜƭȅΤ ŀǘ ǘƘŜ ƳƻƳŜƴǘΣ ŜŀŎƘ ǇŜǊǎƻƴΩǎ 

άŎǳǊǊŜƴǘ ǎƘŀǊŜέ ƻŦ ƭŀƴŘ ŜǉǳŀǘŜǎ ǘƻ ŀōƻǳǘ ŀ Ŧƻƻǘōŀƭƭ ǇƛǘŎƘ ƛƴ ǎƛȊŜΣ ŀƴŘ ǘƘƛǎ ǘƻ ǇǊƻŘǳŎŜ ŦƻƻŘΣ ŦƛōǊŜ ŀƴŘ 

fuel.  The 7000 m2 per person at the moment is likely to shrink to closer to 5000 m2  by 2050, so even 

if our individuaƭ ŘŜƳŀƴŘ ŘƻŜǎƴΩǘ ŎƘŀƴƎŜΣ ŀ ǇƛŜŎŜ ƻŦ ƭŀƴŘ ǿƛƭƭ ƘŀǾŜ ǘƻ ǇǊƻŘǳŎŜ ŀōƻǳǘ ŀ ǘƘƛǊŘ ƳƻǊŜ ǘƻ 

maintain the status quo.  But demand is changing, and land intensification may have to increase 

even more: such that if demand continues unabated for food, over the next 35 years the world will 

need to produce more food than it has done to date, throughout human history. 

²Ƙƛƭǎǘ ŜŀŎƘ ƻŦ ǳǎ ŎƭŜŀǊƭȅ ŘƻŜǎƴΩǘ ƘŀǾŜ ŀ ǇƛŜŎŜ ƻŦ ƭŀƴŘ ŀǎ ƻǳǊ ǎƘŀǊŜΣ ǘƘƛƴƪƛƴƎ ŀōƻǳǘ ƻǳǊ ǇŜǊǎƻƴŀƭ ǎƘŀǊŜ 

does highlight the implicit choices.  If agricultural land can only expand via appropriating land that 

serves other purposes, such as habitat for wildlife in forests, which on a global basis is undesirable; 

ǘƘŜƴ άƻǳǊέ ǎƘŀǊŜ ƻŦ ƭŀƴŘ ƛǎ ŜǎǎŜƴǘƛŀƭƭȅ ŦƛȄŜŘ ŀƴŘ ŎƻǳƭŘ ōŜ ǳǎŜŘ ŦƻǊ ŦƻƻŘΣ ŦǳŜƭ ƻǊ ŦƛōǊŜ ƻǊ ǎƻƳŜ 

combination of the three.  Typically, at the moment, crops are grown for food or fuel or fibre, so 

more fuel means less fibre or food.  This clearly need not be the case: crops could provide food and 

fuel (sugarcane does, after all), but crops could provide fruit (food) and their stems be digested into 

fuel.  Whether this really becomes viable depends in part on biology (stems suitable for biofuel may 

reduce the investment in, and quality of, the food) and energy (it may not be viable energetically to 

digest at scale). 

Whilst much can be done to make landuse more sustainable, in terms of matching production to the 

environment in a way to minimise environmental impacts, and research can also create biofuels 

from agricultural by-products, ultimately there does exist the potential for food vs fuel trade-offs.  

These can be mitigated by reducing waste (about a third of agricultural production for food is 

wasted) and also by changing diets (calories sufficient to feed the current population of Asia are 

currently fed to livestock).  So reducing meat consumption and waste could free up sufficient land to 

allow production of food and fuel. 

The key to sustainable development of bioenergy in southern Africa is ensuring the sustainability of 

cumulative biomass resource supply and translating that to provide identified local energy demands 

in practical small scale systems that deliver socio-economic benefits to local communities.  So, 

consideration of environmental, social and economic impacts at multiple scales is important as well 

as adequate consideration of co-evolutionary interfaces with the food, land-use and energy systems. 

  



 

 
 

3. Feedstocks and availability 

When assessing the availability of biomass feedstocks in a region, it is important to take account of 

constraints which will reduce the theoretical and technical potentials to a practical potential [6]. 

Within that practical potential there will be a range of material that is sustainable and can be 

obtained at a price that is affordable. This results in the actual feedstock availability usually being 

much smaller than initial theoretical estimates might suggest, as illustrated in figure 4. 

 

 
Figure 4: Constraints on biomass resource potential [6]. 

 

The 2014 British Council workshop focused particularly on food-fuel interfaces and it is particularly 

important that these interactions are considered carefully when assessing the sustainability of 

biomass resources.  

The Global Bioenergy Partnership has worked to gather and assess evidence on the sustainability of 

integrated food energy systems [7] ŀƴŘ ƘŀǾŜ ǿƻǊƪŜŘ ǿƛǘƘ ǘƘŜ ¦ƴƛǘŜŘ bŀǘƛƻƴΩǎ CƻƻŘ ŀƴŘ !ƎǊƛŎǳƭǘǳǊŀl 

Organization to develop a BEFS (Bioenergy and Food Security) Approach which consists of a multi-

disciplinary and integrated set of tools and guidance that can support countries through the main 

steps of bioenergy policy development and implementation process [8]. Part of the first stage of the 

approach is to undertake a review of agriculture, energy and food security situation at country level 

and the UNFAO have published BEFS country briefs for every SADC country [9] which provide high 

level data that can be used to carry out the first step of a sustainable bioenergy assessment. 



 

 
 

 
Figure 5: Bagasse from sugar plantations, TSB Maleane site, South Africa. 

 

The UNFAO held a conference of SADC nations in 2014 and most countries are now embarking on 

action plans to facilitate BEFS development but there are many knowledge gaps in the existing 

published literature relating to the sustainable availability of biomass resources that may impede or 

misdirect this work.  It is essential that the bioenergy strategies being developed are based on 

reliable and robust evidence of biomass resource availability. 

 

 

  

Recommendation 1 

The research community should improve knowledge of biomass resources by: 

ω /ŀǊǊȅƛƴƎ ƻǳǘ ƛƴŘŜǇŜƴŘŜƴǘ ǊŜǎƻǳǊŎŜ ŀǎǎŜǎǎƳŜƴǘǎΣ ǿƘŜǊŜ ŀǇǇǊƻǇǊƛŀǘŜΣ ǘƻ ŜǾŀƭǳŀǘŜ ǘƘŜ ƻŎŎǳǊǊŜƴŎŜ 

of sustainable biomass resources in the SADC regions. 

ω wŜǾƛŜǿƛƴƎ ŀƴŘ ƳƻƴƛǘƻǊƛƴƎ ǊŜǎƻǳǊŎe assessments or other bioenergy strategies produced by 

SADC countries and comparing these with international best practice. 

ω .ǳƛƭŘƛƴƎ ƛƴ-country capacity in this area among the bioenergy research community so that the 

profile of sustainable biomass resources is increased and bioenergy researchers are aware of the 

relevant issues. This could be supported by developing a database incorporating information on 

the characterisation (yields and compositional analysis) of the available biomass and waste 

(latrine, municipal solid waste etc.) and the relative collection and transport systems. 



 

 
 

4. Supply Chain, Processing and Logistics ς Building a Value Chain 

The primary source of energy for many Sub-Saharan Africans in rural locations is traditional wood 

fuel. Many people burn solid fuels in the home, with little ventilation and inadequate flue systems.  

This has negative implications for health and efficient fuel use.  The acquisition of traditional wood 

fuel also increases deforestation and has a negative impact on the lives of women and children who 

traditionally gather and carry large amounts of wood fuel.  

 

By contrast, in countries where bioenergy is well established significant infrastructure has developed 

around the main biomass feedstocks e.g. wood fuel in Sweden and straw in Denmark.  However, the 

feedstocks that constitute the main resources in SADC have very different physio-chemical 

properties and different interactions with other relevant systems (e.g. food, waste etc).  

Consequently, it is necessary to investigate the most efficient, cost-effective and appropriate 

mechanisms for processing, handling and transporting these feedstocks, within the context of the 

pre-existing infrastructure in the relevant countries.  

 

 
Figure 6: Example of an African agricultural supply chain. 

 

Research work is needed to understand the current limitations and capacities of existing 

transportation systems as well as understanding the logistical needs of different biomass types and 

biomass applications. Consideration of scale and its impact on biomass logistics from dispersed 

systems to centralised production would also be useful.  This analysis would identify areas where 

novel production, handling, processing and storage methods are needed to deal with specific 

feedstocks and locational issues.  

 

Such an analysis would also  include consideration of: transportation infrastructure, management 

and technology; types of transport requirements (bulk, field to factory, dispersed, centralised); road, 

rail and system connectivity; management and control systems; biomass production and storage; 




































