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ABSTRACT  
Sustainability of rice processing in sub-Saharan Africa is one of the most 
important aspects in ensuring food security and self-sufficiency of the region, 
wherein social, economic, and environmental criteria of the processes need to 
be considered.  Rice processing is energy intensive and produces large amounts 
of by-products, including rice husk that accounts for more than 20% of the 
paddy by weight, and is currently an underutilized waste that is discarded, 
endangering the ecosystems and the health of the rural communities. Engelberg 
and Milltop mill processed rice husks are the most abundant and most unused 
by-products of rice processing in sub-Saharan Africa.  
The sustainability of utilization of rice husk as a biofuel feedstock will greatly 
increase the overall sustainability of rice processing.  Raw rice husk has low 
energy density and is difficult to handle, thus, in order to increase its viability 
and adoption by the communities as an alternative source of fuel; it needs to be 
densified using simple low energy techniques suitable for the local 
communities to adopt. However, the characteristics of the produced rice husk 
differ, and they especially depend on the milling methods used.  
Characterization is an important step towards sustainable utilization of this 
biomass as a biofuel feedstock.  
Densification is of primary importance in considering biomass as an effective 
biofuel feedstock, because it increases its portability, as well as, energy density. 
Sustainability and the viability of the densification process determine the 
commercial utilization of the biomass as a biofuel feedstock.  For this reason, 
the primary chapter of this thesis has focused on increasing the sustainability of 
rice processing by improving current conventional methods, and the utilization 
of the rice husk by-products as an energy source. This was followed by a 
chapter that focused on the effects of process parameters on the densification of 
raw rice husk without pre-treatment, using locally available binders at medium 
applied pressures. These primary chapters led to the characterization of the two 
most abundant rice husks in sub-Saharan Africa; they are products from the 
single stage Engelberg and the Multi-stage Milltop milling machines. The 
characterization chapters that followed studied the physical, chemical and 
thermochemical characteristics of the Engelberg and the Milltop rice husks, 
respectively. 
More specifically, this work initially studied the existing practices to improve 
the sustainability of rice processing in sub-Saharan Africa which included: 
utilization of waste heat from the diesel engines that drive the mills for 
improved drying and temperature increase of pre-soaking through utilization of 
solar energy, and also to use the heat content of rice husk as an alternative 
energy source to firewood. This leads to the optimization and redesign of the 
existing parboiling stoves to minimize the heat loss to the environment.  The 
results showed that the utilization of rice husk as an alternative fuel and the 
redesign of the stoves and parboiling vessels will increase the sustainability of 
rice processing and can be easily adopted by the community. However, it was 
found that solar energy was not sufficient while the utilization of waste heat 
from the diesel engines for drying and pre-soaking would be difficult to 
implement at the rural scale but highly viable at the medium scale, because of 



the proximity of the parboiling operations located nearby the milling stalls.  
The study also found that research, development of appropriate technology, 
and education (RATE) of the rural community is an important way of 
increasing sustainability through awareness building.  
The effect of process parameters on densification of rice husk using locally 
available binders and a manual hydraulic press at medium applied pressure 
showed that at the optimum densification moisture content of 15.1%, die 
pressure, binder type, and binder ratio have significant effects on both the 
water permeability and densities of the briquettes produced. Densified rice 
husk bound with paraffin wax, whole Afzelia africana aril, and gum Arabic 
(Acacia senegal) were found to be more hydrophobic than the ones with de-
oiled Afzelia africana aril and groundnut shell.  However, de-oiled Afzelia 
africana aril produced briquettes with higher densities than the high lipid 
whole Afzelia africana aril, showing that the fat content affects both 
permeability and density of the produced rice husk briquettes. 
Physical analysis of the rice husk showed that the Engelberg rice husk is 
significantly different from the multistage Milltop rice husk (P<0.05). Particle 
size analysis of the Engelberg and Milltop produced rice husks showed that the 
Milltop husks have significantly higher geometric diameter with 95% of the 
samples by weight, retained by Standard sieve #20 (0.850 mm). The Engelberg 
rice husks were much smaller with 95% of the particles retained by sieve #100 
(0.150 mm). The Engelberg rice husks were much finer with higher bulk and 
particle densities than the Milltop rice husk samples. Particle size analysis, 
microstructural analysis using SEM, and statistical analysis showed that the 
most important components of the Engelberg rice husk samples were immature 
paddies and broken kernels, while the most important components of the 
Milltop were unbroken lemma and palea with small broken kernels and bran 
present within the samples.  The Engelberg and the Milltop rice husks form 
two significant groups of rice husks that will require two completely different 
design parameters to be utilized as biofuel, and it was found that even within 
the two groups there can be differences that are significant between the 
samples that could be due to rice ecology, variety, harvesting and other 
postharvest handling processes other than milling.  However, this should not 
hinder the design of a versatile biofuel production system that will utilize the 
two as specific groups of rice husks based on their physical characterization.    
Chemical analysis of the Engelberg and Milltop rice husks showed that the 
Milltop samples have lower amounts of proximate starch, protein, and fat 
compared with the Engelberg samples.  The FT-IR results also showed that the 
Engelberg and Milltop rice husks spectra have unique characteristics that 
define them as separate groups; with key differences being the quantity of the 
proximate components that confirmed what was observed during the starch, 
protein, and fat analyses of the samples.  The FT-IR analysis also distinguished 
the samples with higher immature grains from the rest of the rice husk samples. 
Thermochemical characteristics of the Engelberg and the Milltop milled rice 
husks including proximate composition and higher heating value (HHV) were 
studied.  An effective method for determination of the HHV of rice husk using 
oxygen bomb calorimeter coupled with comparative analysis of bomb 



calorimeter residuals, proximate ash, and densified pellet impact resistance was 
developed.  HHV prediction models for the rice husks of the two milling 
machines were developed. Higher HHV values of the Engelberg milled rice 
husk samples compared to the Milltop samples were found to be consistent 
with their respective higher volatile proximate components.  FT-IR and SEM 
analyses showed that there were no significant differences between the 
physico-chemical composition of the Engelberg and Milltop rice husk ash 
samples. 
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