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a b s t r a c t

This work studies the reuse of spent shea waste as an economic construction material in improving fired
clay bricks manufacture aside providing a novel approach to ecofriendly managing its excessive gener-
ated from the shea agroindustry. For this purpose, the influence of spent shea waste addition on the
chemical, mineralogical, molecular bonding and technological properties (i.e. compressive strength and
water absorption) of the fired clay bricks were extensively investigated. The results indicated that the
chemical, mineralogical, phase transformations, molecular bonding and thermal behavior of the pro-
duced bricks were practically unaffected by the addition of spent shea waste. However, spent shea waste
addition increased the compressive strengths and water absorptions of the brick products. Potential per-
formance benefits of reusing spent shea waste was improved fluxing agents, energy-contribution reac-
tion, excellent porosifying effect, reduced thermal conductivity and enhanced compressive strengths of
the brick products. This research has therefore provided compelling evidence that could create newfound
route for the synergistic ecofriendly reuse of spent shea waste to enhance clay brick construction aside
being a potential mainstream disposal option.

� 2017 Elsevier Ltd. All rights reserved.

1. Introduction

The shea [Vitellaria paradoxa C.F. Gaertner; synonyms Butyros-
permum paradoxum (C.F. Gaertn.) Hepper, Butyrospermum parkii
(G. Don) Kotschy; belonging to the Sapotaceae family] (Lamien
et al., 2006; Zhang et al., 2014) agroindustry in recent times is
gradually assuming international prominence mainly due to the
resurging exponential demand for its multipurpose butter product.
Shea butter is notably used in the cosmetics (Glew and Lovett,
2014), detergent (Rousseau et al., 2015) and pharmaceutical
(Akihisa et al., 2010) industries as an essential ingredient, aside
its traditional use as cooking oil (Naughton et al., 2015). Neverthe-
less, the rejuvenating interest in shea butter largely stems from
recent changes in European Commission regulations that permit
the use of substitutes for cocoa butter and some chocolate confec-
tionery recoveries in the former soviet states (Adazabra et al.,
2016). Thus, shea butter is extensively used of late as a cocoa but-
ter improver or substitute in the confectionery industries (Bail
et al., 2009).

These developments have provided great impetus for most gov-
ernments in the shea belt regions (Fig. 1) to commercialize shea

butter production as a means of improving the economic fortunes
of its rural folks, ensuring food security, creating job opportunities
and diversifying their non-traditional export commodities (Moore,
2008). Available statistical estimates show that about 1,760,000
metric tons (MTs) of shea nuts are processed annually into butter
from the activities of over 16.2 million shea nut collectors in Africa
(Glew and Lovett, 2014; Ferris et al., 2001). This processing capac-
ity translates to about 968,000–1,056,000 metric tons of spent shea
waste (SSW) generation annually in Africa (Ofosu, 2009). It is also
evident that about 2000 MTs of the processed shea butter, which
generates over US$ 1.5 million dollars in foreign exchange revenue,
is annually been exported fromWest Africa to Europe with positive
indicators for further expansion in the coming decades
(Anonymous, 2002; Moore, 2008).

Appropriate mechanisms of managing the huge corollary spent
shea waste (SSW) generated from the shea butter agribusiness is
rather lacking. The traditional method of disposing organic waste
on farmlands to decay into organic compost is been constrained
with SSW because of its oily nature (Demir, 2006). Feasibility stud-
ies on incorporating SSW into poultry and animal feeds due to its
rich source of vitamins as a disposal option, has had little success
owing to its low admixing ratios (Pousga et al., 2007). Efforts aimed
at significantly reducing the potential adverse impact of SSW gen-
eration via open burning is at variance with the Kyoto protocol
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(Lau et al., 2012); besides, it is far from being the best
environment-friendly disposal choice in the light of increasing glo-
bal warming and climate change concerns.

Moreover, though the excellent calorific value (Munir et al.,
2009; Darvell et al., 2010) and relatively low carbon content of
SSW has attracted its exportation to UK for co-combustion in coal
plants (Woods et al., 2006; Nimmo et al., 2010), the quantities
involved are far less than generation capacities. Furthermore,
attempts to leverage on the enormous quantities of SSW for used
in land reclamation programs is said to have serious long-term
ramifications to the environment including the substantial release
of methane, which is estimated to have 21 times greater global
warming potential than carbon dioxide (Munir et al., 2010). In
addition, reusing SSW as an excellent source of biogas is pointless
due to the non-widespread establishment of biogas plants in the
shea regions. Nevertheless, the international soaring industrial
demand for the shea butter product mandates the scientific com-
munity to explore innovative procedures of reusing its corollary
huge waste beneficially. At present, SSW is mostly discarded either
on open land sites or along water channels as a disposal route with
long-term dire consequences to the environment. The issue of SSW

ecofriendly disposal is therefore a high-priority subject of current
interest.

On the other hand, ecofriendly use of organic residue in con-
serving non-renewable natural resources (Abang and Chandra,
1977), developing energy-efficient products (Muñoz et al., 2014;
Velasco et al., 2015), economic lowing of production cost (Raut
et al., 2011) and sustainable supply of cheap raw materials
(Barbieri et al., 2013; Eliche-Quesada et al., 2014), are exceedingly
essential research fields nowadays. In this regard, this research
focuses on developing construction clay bricks using SSW as eco-
nomic additive material. For this purpose, a thorough comprehen-
sion of the raw materials in terms of their chemical, mineralogical,
calorific value and thermal analysis is mandatory. In addition, it is
crucial to determine the molecular bonding, polyphase transfor-
mations and morphologies of the fired brick products. The quality
of the developed fired bricks were also validated via their techno-
logical properties such as compressive strength and water absorp-
tion values. Further, the thermal conductivities of the brick
samples were assessed. Finally, the environmental impact of pro-
ducing fired clay bricks with the addition of SSW were ascertained
through leaching analysis. Consequently, besides laboratory

Fig. 1. A map of Africa showing predominant shea belt regions.
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