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 Abstract   

 

Modern use of bioenergy can improve household energy consumption in low-income countries. 

Conversely, bioenergy used in traditional ways is a characteristic of energy poverty. Dichotomisation 

into traditional and modern may be meaningful to those promoting new technologies, but resonates 

less with local priorities and perspectives. Examining technical parameters of bioenergy options in light 

of local context and household strategies for ensuring energy supply adds to the discussion on how 

energy transition may be achieved in low-income countries. This thesis explores a variety of bioenergy 

technologies including traditional and improved stoves, biogas and biofuel for rural electrification, and a 

range of energy carriers from crop residues to vegetable oil from Jatropha curcas (jatropha).  

Paper I explores human energy requirements in jatropha oil production for rural electrification. 

Collecting and de-hulling jatropha fruit 7.5 hours yielded the equivalent of 1 kg of jatropha oil, which can 

power a Multi-Functional Platform and deliver 2.5 kWh electricity across a mini-grid. Substantial energy 

is lost as heat and through byproducts. Though jatropha collection presents an additional source of 

income to poorer segments of the community, cost per kWh of energy delivered is several times higher 

than Low Usage tariff in the national grid. Rural electrification with jatropha oil is hardly viable. Press 

cake and fruit coats constituted substantial byproduct fractions in the jatropha energy system, and  

Paper II studies nitrogen mineralisation and energy from the anaerobic digestion of jatropha press cake. 

Following digestion, 20% of the energy in the press cake was recoverable as CH4. Total nitrogen content 

in the press cake was 40 g∙kg-1 TS, of which ~77% had been mineralised into NH4-N. Digestate can be a 

potent fertilizer and anaerobic digestion as part of the jatropha system can provide a community or 

household with an additional source of energy. Mass of digestate corresponding to 100 kg N∙ha-1 

mineral fertiliser was calculated to 32 tonnes; implying the storage and labour requirements connected 

with biogas. Biogas requires substantial amounts of water; typically a scarce resource in areas where 

jatropha is cultivated and promoted.  

Paper III reports test of a sawdust stove fuelled with jatropha fruit coats. Emissions of CO in smoke were 

below WHO recommendations, PM10 above. Short boiling time made it unsuitable for preparing food 

requiring hours to cook. Jatropha fruit coats were available only in particular seasons. Kitchen 

Performance Test among households collecting jatropha showed that the stove could complement 

rather than substitute households’ existing stoves. Jatropha presents three potential sources of energy.  

In Paper IV viability of traditional and modern biomass fuels and stoves are considered in light of the 

multiple fuel model. A household survey in rural Tanzania shows that agricultural residues supplement 

other cooking fuels. Identified biomass fuels and stoves were analysed with the Water Boiling Test and 

smoke emissions measured. Whereas PM emissions match the energy ladder model, thermal efficiency 

is a poor indicator of quality of stove-fuel combinations, and some of the improved stoves were not 

significant improvements to their traditional counterpart. In questioning the established truth that 

technologies promoted as ‘improved’ and ‘modern’ are superior to traditional energy options, this study 

has identified technical factors that are critical for the viability of bioenergy inventions. Even with 

imperfections across the traditional-modern divide as investigated here, the multiple fuel model makes 

bioenergy relevant for transition out of energy poverty. 


