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a b s t r a c t

Development of local technologies is crucial to the sustainable energy agenda in resource-limited
countries and the world. Strengthening local green technologies and promoting local utilization
will reduce carbon emissions that could be generated during transportation and delivery of green
products from one country to another. In this paper we developed bio-oil/diesel blends using a
low-tech pyrolysis system designed for smallholder farmers in developing countries and tested
their appropriateness for diesel engines using standard ASTM methods. Corn stover retrieved from
smallholder farmers in Gayaza, Uganda were pyrolyzed in a batch rocket stove reactor at 350 ◦C and
liquid bio-oil harvested. Bio-oil chemical composition was analyzed by Gas Chromatography equipped
with Flame Ionization Detector (GC-FID). Bio-oil/diesel emulsions in ternary concentrations 5%, 10% and
20% bio-oil weight were developed with 1% concentration of sorbitan monolaurate as an emulsifier.
The bio-oil/diesel emulsions and distillates had property ranges: specific gravities at 15 ◦C 827.4–830.7
kg m−3, specific gravities at 20 ◦C 823.9–827.2 kg m−3, kinematic viscosities at 40 ◦C 3.01–3.22 mm2/s,
initial boiling points 140–160 ◦C, final boiling points 354–368 ◦C, and calculated cetane indexes 56.80–
57.63. These properties of the bio-oil/diesel blends and their distillates compare well with standard
transportation diesel fuel. The emulsion distillates meet the standard requirements for automotive
diesel in East Africa.

© 2021 The Author(s). Published by Elsevier Ltd. This is an open access article under the CC BY license
(http://creativecommons.org/licenses/by/4.0/).

1. Introduction

The current energy and climate change challenges demand
quick transition to a renewable energy path. Upsurge in global
population, urbanization, standard of living, and transportation
signal depletion of world’s fossil fuel reserve in the near fu-
ture (Ogunkunle and Ahmed, 2019; Capellán-Pérez et al., 2014;
Shafiee and Topal, 2009; Dresselhaus and Thomas, 2001). This
concern coupled with the fact that fossil fuels emit large quan-
tities of primary greenhouse gases CO2, CO, NOx and unburnt
HCs (Shekofteh et al., 2020; Heidari-Maleni et al., 2020) that
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catapult global warming contextualizes recent expansion in al-
ternative fuel research (Kumar et al., 2020a; Karmee, 2016). Cur-
rently, however, fossil fuel provides 76% of world’s energy sup-
ply (Olivier et al., 2017) and is expected to be the lead energy
source for the foreseeable future (Dresselhaus and Thomas, 2001).
It is anticipated that global transition to cleaner energies with
lower carbon footprint will be gradual and present strategy con-
sists in consistently lowering and replacing fossil fuel content of
energy carriers with cleaner renewable contents. One approach
fuel scientists are exploring is blending petroleum fuels with
alternative fuels in order to decrease fossil fuel dependence and
enhance alternative fuel utilization in the present transportation
fuel infrastructure (Farooq et al., 2019). For example, European
Union (EU) member states aimed for a 10% renewable share in
transportation fuel mix by 2020 (Al Jamri et al., 2020).
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