Renewable and Sustainable Energy Reviews 66 (2016) 775-801

Contents lists available at ScienceDirect

Renewable and Sustainable Energy Reviews

journal homepage: www.elsevier.com/locate/rser

Pre-processing of sugarcane bagasse for gasification in a downdraft @CmssMark
biomass gasifier system: A comprehensive review

Anthony Anukam *”* Sampson Mamphweli ¢, Prashant Reddy ¢, Edson Meyer?,
Omobola Okoh"”
2 Fort Hare Institute of Technology, University of Fort Hare, Private Bag X1314, Alice 5700, South Africa

b Department of Chemistry, University of Fort Hare, Private Bag X1314, Alice 5700, South Africa
€ Department of Chemistry, Durban University of Technology, P.O. Box 1334, Durban 4000, South Africa

ARTICLE INFO ABSTRACT

Article history: The processing of sugarcane bagasse as a potential feedstock for efficient energy production has attracted
Received 21 April 2015 a great deal of attention in the sugarcane industry, which has traditionally inefficiently burned bagasse in
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bagasse for energy production within the industry has also been hindered by the high degree of com-
Accepted 23 August 2016

plexity involved in bagasse handling and pre-processing before it can be utilised as an energy feedstock.
This can be attributed to unfavourable characteristics of mill-run bagasse, which includes low bulk and

Keywords: energy densities, a wide range of particle sizes and shapes as well as high moisture content. Gasification

Sugarcane bagasse is regarded as one of the most promising energy recovery technologies for the widespread use of biomass

2‘0{;‘;5? because of its higher efficiency when compared to the combustion technology commonly used by the
asification

sugarcane industry. There has been a strong drive to identify efficient pre-processing methods that can
be applied to bagasse to make it a suitable feedstock for energy production in thermochemical con-
version systems. This work provides a comprehensive review on the pre-processing of bagasse for ga-
sification, and the gasification technology options for its conversion into energy, with a particular em-
phasis on the downdraft gasification technology.
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1. Introduction

Sugarcane bagasse (SCB) is the fibrous residue obtained after
the extraction of the sucrose-rich juice from sugarcane stalks. The
various uses of SCB have been widely reported in the literature,
and these include the manufacture of pulp and paper, animal feed,
furfural, and other value added products [1,2]. However, these are
limited markets which are also highly competitive. SCB has been
considered as an agricultural biomass residue of great importance
as a fuel for the sustainable production of electricity [1,3]. In the
past, excess SCB was burned as a means of solid waste disposal,
but as the cost of auxiliary fuels increased, the need to derive
greater energy from all the SCB available to the factory became
imperative. Currently in countries like South Africa, bagasse is
used as a convenient fuel for the sugarcane industry but through
inefficient combustion processes. This inefficient usage necessi-
tates that in some instances supplementary fuels such as coal be
used in significant amounts during factory operations. Conse-
quently, for the industry to produce more energy from available
SCB and offset the use of costly or non-renewable energy sources,
more cost-effective and efficient technologies are required.

The application of SCB for optimal energy production requires
an understanding of its composition, for which many studies have
been performed. Mill-run bagasse contains approximately 50% fi-
bre, 48% moisture and about 2% sugar [4-7]. This composition
makes SCB an ideal material for energy production, however, its
efficient utilisation for energy production in thermochemical
conversion systems has been impeded by a number of factors, one
of which is its handling and pre-processing which must be con-
sistent with the energy conversion system that it is used in. There
are various pre-processing methods that are available for biomass;
however, there seem not to be a universal method or technology

pathway which is most appropriate for all types of biomass in-
cluding SCB. There are a number of required characteristics for a
pre-processing method to be considered industrially viable. These
characteristics include the requirement that the pre-processing
method should result in minimum degradation with maximum
component recovery; it should have a low energy demand or be
conducted in a way that the energy can be re-used in other process
steps as secondary heat; and, it should have low capital and op-
erational costs [8,9]. The use of physical methods for pre-proces-
sing can be considered as meeting all of these requirements. Pre-
processing of SCB is intended to overcome inherent issues related
to the disperse nature of bagasse, its high moisture and inorganic
contents as well as its low energy and bulk densities. These
shortcomings limit the widespread deployment of the thermo-
chemical conversion systems using bagasse as feedstock for en-
ergy production purposes, rendering these systems unattractive.
However, the complexity of SCB (in chemical composition and
heterogeneity) is so high that its use as an energy feedstock re-
quires further research and development to better understand the
exact pre-processing and thermal conversion system parameters
with respect to the polymeric structure and mineral composition
of the material. One of the thermochemical conversion pathways
by which SCB can be converted into energy is through gasification,
which is a thermal devolatilisation process that breaks down any
carbon-based material into its basic chemical constituents [10].
The process is based on a series of complex reactions that are in-
fluenced by many factors including the composition of the feed
material to be converted, the pre-processing conditions of the feed
and the operating conditions of the gasifier [11]. The feedstocks
required for gasification, the advantages and disadvantages of the
gasification technology as an energy production process are de-
tailed later in Section 9 of this review.
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