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ABSTRACT

Inefficient agricultural waste management practices pose a significant threat to
tropical regions both environmentally and economically. Cocoa cultivation generates
a substantial amount of biomass residue that is often underutilised, resulting in pest
proliferation, greenhouse gas emissions and potential loss in economic and
agronomic value. The conversion of the residue into biochar through
thermochemical processing offers a viable pathway to sustainable waste valorisation.
Despite a growing interest in this area, there remains a lack of compositional data on
cocoa residue, particularly pruning, as well as limited life-cycle evaluations of
superheated steam torrefaction (SST)-based biochar production systems, especially
for tropical biomass.

This study aims to develop and evaluate a superheated steam fluidised bed reactor
(SS-FBR) for a sustainable cocoa-waste-to-biochar production system. The research
will use computational modelling in Aspen Plus to evaluate the influence of
operational parameters such as residence time and temperature on biochar yield and
quality, in combination with laboratory-scale experimentation following ASTM-
compliant methods to conduct proximate and ultimate analysis to determine
physiochemical characteristics, nutrient properties and carbon stability. Theoretical
and experimental data will be used to validate the model, enabling predictive
simulation of energy flows, emissions and conversion efficiency.

The anticipated outcomes of this work include a validated SST biochar production
model along with comprehensive characterisation of cocoa-derived biochar
highlighting physiochemical properties, nutrient retention and carbon sequestration
potential. These outcomes aim to make key scientific contributions by adding to the
understanding of SST in an FBR system for biochar production along with providing
empirical data on tropical biomass valorisation, supporting the development of a
circular bioeconomy for sustainable cocoa residue management in the Caribbean and
similar agro-industrial contexts by enhancing agronomic practices through
improvements in soil fertility, supporting environmental sustainability by mitigating
greenhouse gas emissions, and promoting socio-economic benefits.
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