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A B S T R A C T

A model has been proposed and validated for the prediction of biomass combustion rate in a conical spouted bed.
The model couples the intrinsic kinetics for the process and the flow pattern of the gaseous stream in the unit.
The kinetics is described based on a reaction scheme consisting in simultaneous devolatilization and combustion
involving the three biomass constituents, i.e., hemicellulose, cellulose and lignin. The gas flow pattern in the
combustion chamber and subsequent cleaning system has been modelled using a compartimental model based
on two continuous perfectly mixed vessels and a plug flow vessel. Tracer tests have been conducted to determine
the residence time distribution in the whole unit and the parameters of the compartimental model. Batch
combustion tests have been carried out to determine the composition of the outlet gaseous stream and the
evolution of conversion with time, whose fitting to the kinetic model allowed calculating the parameters of best
fit (frequency factors and activation energies). The model suitably predicts the evolution of combustion rate in a
conical spouted bed, and therefore is a useful tool for the design of industrial plants based on this technology.

1. Introduction

Within the context of climate change and mitigation of the en-
vironment impact caused by human activity, biomass is one of the raw
materials of greatest interest as a renewable source of energy and

chemicals. In fact, at the end of the20th century the term biorefinery was
coined in order to describe new types of facilities integrating biomass
conversion processes to produce power, fuels and chemicals from bio-
mass. Biomass still plays a predominant role, given that in addition to
the traditional processes used since centuries, such as combustion,

https://doi.org/10.1016/j.fuel.2018.04.060
Received 5 December 2017; Received in revised form 11 April 2018; Accepted 12 April 2018

⁎ Corresponding author.
E-mail address: roberto.aguado@ehu.eus (R. Aguado).

Fuel 227 (2018) 256–266

0016-2361/ © 2018 Elsevier Ltd. All rights reserved.

T

http://www.sciencedirect.com/science/journal/00162361
https://www.elsevier.com/locate/fuel
https://doi.org/10.1016/j.fuel.2018.04.060
https://doi.org/10.1016/j.fuel.2018.04.060
mailto:roberto.aguado@ehu.eus
https://doi.org/10.1016/j.fuel.2018.04.060
http://crossmark.crossref.org/dialog/?doi=10.1016/j.fuel.2018.04.060&domain=pdf


sugar fermentation or carbonization, new routes have been developed
over the last decades for the explotation and chemical and thermal
valorisation of biomass, and substantial improvements have been car-
ried out in certain traditional processes. Among the new routes the
following are worth mentioning: production of first [1–5], second
[4,6–10] and third generation biofuels [11–16], enzymatic fermenta-
tion of lignocellulosic biomass [17–20] and catalytic reforming of
oxygenate hydrocarbons of biological origin for the production of
paraffins [21], olefins [21–23], aromatics [24] or hydrogen [25,26].
Among the improvements of existing processes, the following are worth
mentioning: increase of biomass energy density by pressing the parti-
culate lignocellulosic biomass (pellets and briquettes) [27–29], pro-
cesses for improving biomass storage and its performance in boilers by
means of torrefaction [30–33], proposal of efficient reactors for the
valorisaton of biomass following thermochemical routes [34–40], or
the use of catalysts in pyrolysis and gasification processes [41–44] for
improving the yields or selectivity of given fractions or products. Of this
wide range of technologies, the integrated processes that exploit the
whole biomass are especially relevant, i.e., those that not generate or at
least minimize waste production. Among the processes for biomass-to-
energy, combustion is at present the prevailing one, as it accounts for
90% of the world bioenergy production [45]. The choice and design of a
biomass combustion system is conditioned by the physicochemical
properties of the fuel, local regulations, operating and fuel costs, and by
the capacity and yields required in the plant. The physicochemical
properties and the performance of the fuel in the combustion chamber
condition the requirements of the combustion technology, although
large-scale units usually burn low quality fuels (non-homogeneous fuel
concerning moisture content, particle size and ash fusion), whereas
high quality fuels are preferred in small-scale units. Nowadays, flui-
dized bed systems are an alternative to the traditional ones based on
fixed bed and grate combustors, as they have advantages, such as a
more compact design of the combustor, more efficient combustion,
lower NOx emissions and considerable flexibility involving both the
type of fuel and plant capacity, operating from 0.5 t h−1 to 100 t h−1

[46]. The spouted bed is a gas-solid technology derived from the flui-
dized bed, and joins the mention featured and others, such as capacity

for operating with a wide particle size distribution, lower pressure drop
(no distributor plate is required), lower amount of inert material in the
bed and vigorous solid circulation, which ensure higher heat and mass
transfer rates [47]. This technology performs well in biomass treatment
processes involving both physical processes (drying [48–51]) and che-
mical ones (pyrolysis, oxidative pyrolysis and gasification [44,52,53]).
Vegetable biomass, especially the lignocellulosic one, is suitable for
combustion due to the fast devolatilization of the fuel and the high
reactivity in an oxidant atmosphere of both the volatile fraction and the
remaining char. The reactivity of the carbonaceous materials, both coal
and biomass, has been studied using isothermal and dynamic thermo-
gravimetry [54,55], based on different kinetic models, either uni-
component [53,56–61] or multicomponent [62–67]. Most of these
studies have been carried out in thermobalance, and therefore con-
version is defined based on the weight loss registered as temperature is
increased. Few studies have been carried out in reaction equipment
operating under similar conditions to those of real combustion systems
[68,69], and there is no study carried out in a combustion unit based on
the spouted bed technology. The aim of this paper is therefore to de-
termine the kinetic parameters for the combustion of pinus insignis in a
conical spouted bed. Accordingly, a variable should be defined for the
monitoring of reactant conversion with time and proposal of a kinetic
scheme that suitably describes the evolution of biomass particle in the
combustion chamber. The study reported by Amutio et al. [67] will be
taken as a starting point, as they operated with different oxygen con-
centrations in the biomass oxidative pyrolysis, in which the process is
the result of pyrolysis and heterogeneous oxidation of the three main
components of vegetable biomass (hemicellulose, cellulose and lignin),
and combustion of the remaining char.

2. Experimental

The raw material used in this study is pinus insignis sawdust, which
is representative of the lignocellulosic vegetable biomass and the most
abundant and available biomass in this region. The sawdust is supplied
by a local sawmill and is directly taken from one of the cutting ma-
chines in order to avoid the presence of fungicides or other types of

Nomenclature

χ1 tracer molar fraction in the first well-mixed tank, di-
mensionless

χ2 tracer molar fraction at the outlet stream, dimensionless
χo tracer molar fraction at the inlet stream, dimensionless
χs tracer molar fraction at the outlet of the system, di-

mensionless
γ cone angle, dimensionless
Dc column diameter, L
Di contactor base diameter, L
Do gas inlet diameter, L
E activation energy in the Arrhenius equation, M L2 −t 2 −mol 1

Emi weight stoichiometric coefficient of product i, dimension-
less

f flow rate fraction entering the second well-mixed tank,
dimensionless

Hc height of the conical section, L
ko frequency factor, −t 1 or L t −M 1

kci kinetic constant for the combustion of the char from i
component, L t −M 1

kref kinetic constant at the reference temperature, −t 1 or L t −M 1

kvi kinetic constant for the devolatilization of i component, −t 1

Mi molecular weight of product i, M −mol 1

n, nexp number of reaction products and number of experiments,
respectively

OF objective function, dimensionless
pO2 oxygen partial pressure, M −L 1 −t 2

Q1, Q2 volume flow rates entering the first and second well-mixed
tanks, respectively, L3 −t 1

Qo volume flow rate at the combustor inlet, L3 −t 1

Qr volume flow rate at the combustor outlet, L3 −t 1

R gas constant, ML2 −t 2 −mol 1 −T 1

T temperature, T
Tg combustor temperature, T
Tamb room temperature, T
Tref reference temperature, T
V1,V2 volumes of the first and second well-mixed tanks, respec-

tively, L3

VT total volume of the system, L3

VCO CO volume injected, L3

W , Wo biomass mass at a given t time and initial biomass mass, M
Whc, Wc, Wl, Wa mass of hemicellulose, cellulose and lignin at a given
t time and mass of ashes, respectively, M
Woh, Wohc, Woc, Wol initial mass of moisture, hemicellulose, cellulose

and lignin, respectively), M
Woi, Wi mass of polymer at the beginning and at a time t , re-

spectively, M
X biomass conversion, dimensionless
Xi conversion of each polymer, dimensionless
Xcal, Xexp calculated and experimental biomass conversions, di-

mensionless

J.F. Saldarriaga et al. Fuel 227 (2018) 256–266

257



Download English Version:

https://daneshyari.com/en/article/6630811

Download Persian Version:

https://daneshyari.com/article/6630811

Daneshyari.com

https://daneshyari.com/en/article/6630811
https://daneshyari.com/article/6630811
https://daneshyari.com

