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Pyrolytic conversion is the only biomass exploitation route capable of providing solid
and liquid biofuels, as well as platform biomolecules for sustainable energy sources and
raw materials for bio-based products. All biomass components are thermally degradable,
allowing for complete transformation under appropriate heating conditions. The distri-
bution and quality/composition of products depend on the properties of the feedstock
and the thermal conditions under which the conversion is carried out. To develop efficient
plant design and select optimal operating conditions, advanced computational tools are
necessary. This involves coupling reaction kinetics with the mathematical description of
other relevant physical phenomena in pyrolysis reactors.

Kinetic analysis is typically performed using standard thermogravimetric (TG) sys-
tems. However, the reliability of both the experimental data and the modelling may
raise significant concerns. From the former aspect, initial sample mass/thickness, particle
size, and heating rate must be accurately determined to guarantee negligible inclusion of
transport phenomena and strict control of the reacting sample temperature [1–6]. These
aspects are particularly relevant for certain agricultural residues which demonstrate an
exothermic behaviour in pyrolysis that can ultimately lead to a pyrolytic runaway [7]. The
analysis is further complicated by the significant variability in biomass, even within the
same class, with different contents and nature of the biomass macro-components, as well as
by the catalytic action of the inorganics [8]. Another major complication lies in separating
the effects of the simultaneous occurrence of primary and secondary pyrolysis reactions.
Establishing kinetic control in primary weight loss measurements is difficult owing to
these factors. The mathematical and modelling aspects are also complex due to the variety
of possible approaches, including model fitting (single-stage pyrolysis mechanisms and
multi-component devolatilization mechanisms) and model-free (iso-conversion) methods,
as well as distributed activation energy models (DAEM). Consequently, even in the case
of biomass macro-components and standard feedstocks (e.g., wood), large variations in
estimated activation energies are often reported.

From the points outlined above, research efforts should be directed towards determin-
ing the intrinsic kinetics of general validity, accounting for the effects of peculiar chemical
composition, presence of catalysts, and pre-treatments. Another crucial aspect of kinetic
analysis is the interpretability of model parameters from a chemical–physical point of view.
The necessary connection between mathematical formulations and the thermal degrada-
tion of biomass components should always be considered. This may be achieved by the
introduction of pseudo-components, i.e., the “kinetic components” of biomass, accounting
for the strong overlap in the degradation of chemical components.

In this Special Issue of Processes, nine original research papers were accepted for publi-
cation and included, as listed in order of publication, at the end of this brief editorial and
in Table 1. The covered topics concern (a) the devolatilization behaviour and kinetics of
agro-industrial by-products and wastes, (b) the effects of feedstock torrefaction on succes-
sive conversion processes, and (c) the influence of catalysts on conversion dynamics and
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product distribution. In relation to the feedstock, three papers examined residues or wastes
obtained as by-products from industrial plants, namely empty fruit bunches (8), DDGS (5),
and peach stones (3), with the aim of improving the energy and material efficiency of
biorefineries; two papers considered wastes such as RDF (6) and livestock manure (7), with
the aim of reducing the environmental and economic impact of their disposal. Finally, two
papers examined biomass macro-components (lignin (4) and cellulose (2)), and one torrefied
wood (9). Of great practical interest are the results concerning the biomass with peculiar
chemical composition such as solid by-products from the palm oil (8) and bioethanol (5)
industries, since their thermal degradation characteristics are highly different from those
observed for standard lignocellulosic biomass, both qualitatively and quantitatively. Given
the presence of non-structural components, conversion takes place over a much wider
temperature range at slower rates. Consequently, the activation energies can be lower than
those typically estimated for lignocellulosic fuel. For the same reason, the results on the
pyrolytic behaviour of non-conventional lignocellulosic biomasses (3) are relevant.

Noteworthy are also the results concerning the effects of torrefaction pretreatment
(1, 9), proven to modify the reactivity of both biomass (1) and the produced char (9).
Thermal pre-treatment has been shown to be effective in increasing the stability of the
biochemical conversion of breeding sludge (7), providing potentially useful guidance
for the management of the excessive quantities of such waste. In the same line of han-
dling/recycling of wastes is the application of pyrolysis as a possible route for producing
hydrogen-rich gas from municipal solid waste (6). Finally, studies on the thermal degra-
dation of macro-components (4, 2) continue to be of major scientific importance. Indeed,
though the degradation characteristics (temperatures, dynamics, products) have been es-
tablished, much remains to be understood about their interactions during pyrolysis and
the behaviour of the native components.

Regarding the modelling approach, three studies (3, 5, 9) employed model fitting
methods, based on multi-component devolatilization mechanisms, while one (8) applied
both a model free iso-conversional method and a distributed activation energy model. In
two papers (2, 4), models based on a time derivative-generalized logistic function, used
for crystallization phenomena, have been proposed to simulate the measured TG curves
and evaluate the kinetic parameters. Finally, three studies (1, 6, 7) provided experimental
results, with advice potentially useful for future kinetic analyses, although they did not
include kinetics evaluations.

A brief overview of the contents of the nine papers is given below.

(1) Goldšteins et al. (2021)—The applicability of microwave torrefaction to achieve
optimal biomass fuel combustion was investigated. This pretreatment leads to an
increase in the porosity and reactivity of commercial straw, wood, and peat pellets,
so improving their combustion performance in terms of both heat production and
combustion product composition is of significance.

(2) López-Beceiro et al. (2021)—An estimation of the thermal degradation rate of cellu-
lose at different temperatures was provided based on isothermal TG measurements
mathematically described with a crystallization-type kinetic model based on time
derivative logistic functions.

(3) Altantzis et al. (2021)—The pyrolysis kinetics of oil-extracted peach seeds, a fruit
processing agro-industrial solid waste, was evaluated based on plug flow bench-scale
reactor experiments. The effect of pyrolysis temperature, heating rates, and nitrogen
flow was investigated. The fuel quality index showed the suitability of this biomass
as feedstock for thermochemical conversion.

(4) López-Beceiro et al. (2021)—The complexity of the thermal degradation behaviour of
lignin was confirmed in this study, highlighting the multistage nature of the process
requiring specific thermogravimetric measurements, preferably including step-wise
temperature programs, for kinetic analysis.

(5) Branca and Di Blasi (2021)—This study dealt with the thermal devolatilization be-
haviour and kinetics of DDGS, the major by-product of the bioethanol industry.
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Given the peculiar chemical composition rich in protein, starch, and other minor non-
structural components, the devolatilization occurs over a much wider temperature
range and at slower rates than wood, corresponding to lower activation energies.

(6) Kusz et al. (2022)—This paper addresses the utilization of biochar produced from the
pyrolysis of refuse-derived fuel (RDF) as a catalytic bed for promoting the cracking at
high temperatures of the primary condensable vapours from the thermal degradation
of the same RDF during the first stage of the process. The aim was to obtain a simple,
low-cost method to produce pyrolytic gas with a high hydrogen content.

(7) Vanegas et al. (2022)—This study demonstrated that a mild thermal pre-treatment of
livestock manure to be converted via anaerobic digestion significantly reduced the
biomass acidification and oxygen demand, and globally improved the stability of
biogas production.

(8) Suárez Useche et al. (2022)—The catalytic effect of zinc sulphate on the pyrolysis of
empty fruit bunches, the largest fraction of solid residue from the oil palm industry,
was evaluated via TG-FTIR analysis. For the conditions under examination, the
conversion dynamics and kinetics and the product distribution were only slightly
affected by the catalyst.

(9) Branca and Di Blasi (2023)—The effect of the torrefaction conditions (temperature
and holding time) on char oxidation behaviour and kinetics were investigated via
thermogravimetric analysis. As the torrefaction severity increased, the oxidation rates
became slower and the two stages were well-described by a linear and a power–law
rate reaction, respectively. Torrefaction caused lower activation energies with respect
to untreated wood.

Table 1. Papers published in the Special Issue “Kinetic Modelling of Biomass Pyrolysis Processes”.

N.
First Author and
Corresponding

Author

Corresponding Author’s
Institution Title and Topic DOI

1 Goldšteins,
Zake

Institute of Physics, University
of Latvia, Salaspils (Latvia)

Thermal Decomposition and
Combustion of Microwave
Pre-Treated Biomass Pellets

(topic b)

https://doi.org/10.3390/
pr9030492

2 López-Beceiro,
Artiaga

Escola Politécnica Superior,
University of A Coruña, Ferrol

(Spain)

A Logistic Approach for
Kinetics of Isothermal

Pyrolysis of Cellulose (topic a)

https://doi.org/10.3390/
pr9030551

3 Altantzis,
Zabaniotou

Department of Chemical
Engineering, Aristotle

University of Thessaloniki,
(Greece)

Apparent Pyrolysis Kinetics
and Index-Based Assessment

of Pretreated Peach Seeds
(topic a)

https://doi.org/10.3390/
pr9060905

4 López-Beceiro,
Artiaga

Escola Politécnica Superior,
University of A Coruña, Ferrol

(Spain)

The Complexity of Lignin
Thermal Degradation in the
Isothermal Context (topic a)

https://doi.org/10.3390/
pr9071154

5 Branca

Institute of Sciences and
Technologies for Sustainable
Energy and Mobility-CNR,

Napoli (Italy)

Thermal Devolatilization
Kinetics of Dry Distiller’s

Grains with Solubles (topic a)

https://doi.org/10.3390/
pr9111907

6 Kusz,
Kardas

Institute of Fluid Flow
Machinery, Polish Academy of

Sciences, Gdansk (Poland)

Pyrolysis of RDF and Catalytic
Decomposition of the

Produced Tar in a Char Bed
Secondary Reactor as an

Efficient Source of Syngas
(topic c)

https://doi.org/10.3390/
pr10010090

https://doi.org/10.3390/pr9030492
https://doi.org/10.3390/pr9030492
https://doi.org/10.3390/pr9030551
https://doi.org/10.3390/pr9030551
https://doi.org/10.3390/pr9060905
https://doi.org/10.3390/pr9060905
https://doi.org/10.3390/pr9071154
https://doi.org/10.3390/pr9071154
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Table 1. Cont.

N.
First Author and
Corresponding

Author

Corresponding Author’s
Institution Title and Topic DOI

7 Vanegas
Research Group KAÍ,

Universidad del Atlántico
(Colombia)

Pilot-Scale Anaerobic
Digestion of Pig Manure with

Thermal Pretreatment:
Stability Monitoring to

Improve the Potential for
Obtaining Methane (topic b)

https://doi.org/10.3390/
pr10081602

8 Suárez Useche 1,
Castillo Santiago 2

1 Bioprocess Faculty of
Engineering, Universidad del

Atlántico (Colombia)
2 LATERMO, Fluminense
Federal University (Brazil)

Evaluation of the Zinc Sulfate
Catalytic Effect in Empty Fruit

Bunches Pyrolysis (topic c)

https://doi.org/10.3390/
pr10091748

9 Branca

Institute of Sciences and
Technologies for Sustainable
Energy and Mobility-CNR,

Napoli (Italy)

Oxidative Conversion of Chars
Generated from the Fixed-Bed
Pyrolysis of Wood Torrefied at

Different Temperatures and
Holding Times (topic b)

https://doi.org/10.3390/
pr11040997
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