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Global warming, the rise of the earth’s temperature due to
increased CO2 emissions from the extensive use of fossil
fuels, is indisputably one of the greatest challenges current-
ly faced by humanity. The substitution of fossil fuels with
biofuels, produced from carbon-neutral biomass feedstock,
is one of the key pathways to alleviate CO2 emissions in a
sustainable and environmentally sound manner, especially
in the transportation sector. First generation biofuels,
bioethanol and biodiesel, have shown important limitations
to achieve targets for crude oil-derived product substitu-
tion, climate change mitigation, and economic growth,
mainly due to the high water and energy consumption dur-
ing their production, and the biofuel versus food controver-
sy. The cumulative impacts of these concerns have in-
creased the interest in developing the so-called second gen-
eration biofuels, produced from non-food biomass.

Lignocellulosic biomass offers such potential, in particular
when it originates from forestry and agriculture residues.
However, it is a very complex material that requires intensive

labor and high capital cost for its processing. Although con-
version of lignocellulose into transportation fuels has been
attempted by a number of different routes, it is not a trivial
goal due to its chemical complexity, elevated stability, and
high oxygen content. Among the various thermochemical
transformation processes, biomass pyrolysis has shown to be
a very promising option for the conversion of large volumes of
solid biomass to liquids. In this route, biomass is treated under
inert atmosphere to yield gases, liquids (bio-oil), and a solid
residue (char). The use of high heating rates (fast pyrolysis),
combined with moderate temperatures (around 500 °C) and
short residence times leads to enhanced production of bio-oil.
Bio-oil presents high potential as liquid fuel since it retains up
to 70% of the energy stored in the raw biomass and contains
less N and S than petroleum fractions. However, bio-oil pos-
sesses 15–25 wt% water, more than 40 wt% of oxygen, and
shows a dark red-brown color. It has a very complex compo-
sition (up to 400 different components have been identified)
and several shortcomings, such as relatively low heating value
(16–19MJ/Kg; less than half that of petroleum-derived fuels),
strong corrosiveness (pH = 2–4), high viscosity, immiscibility
with conventional fuels, and poor chemical stability
with polymerization of components observed on storage.
Consequently, biomass pyrolysis into liquid fuels suffers from
important limitations that can be only overcome if the bio-oil
is subjected to upgrading treatments to improve its properties.

Catalytic pyrolysis, either in- or ex-situ, has been investi-
gated as an interesting alternative to convert lignocellulosic
biomass into transportation fuels. This process does not re-
quire external hydrogen and takes place at atmospheric pres-
sure in the presence of a suitable catalyst that allows the py-
rolysis vapors to be upgraded into low-oxygen-containing
bio-oil. The use of tailored catalysts, with well-controlled
structure and acidic properties, is the key to achieve efficient
conversion of biomass to bio-oil with high yields, low extent
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of secondary cracking reactions, and slow catalyst deactiva-
tion due to coke deposits. Further upgrading of the bio-oil can
be achieved via a variety of catalytic treatments based on the
occurrence of condensation reactions between oxygen-
containing polar groups. Although the degree of oxygen re-
moval so achieved is not complete, these processes could be
highly beneficial for the process economics if coupled to a
subsequent hydrodeoxygenation (HDO) treatment to produce
low-oxygen synthetic biofuels. HDO consists of the hydroge-
nation of bio-oil under high pressure (up to 200 bar) and
temperatures in the range 300–400 °C and yields fossil-like
final fuel products. It requires, however, the consumption of
high amounts of hydrogen, aggravating both the environmen-
tal and economic profile of pyrolysis-based biomass conver-
sion processes.

Although significant progress has been achieved on cata-
lytic pyrolysis and the subsequent upgrading technologies,
challenges associated with catalyst selectivity and stability
issues and reaction and process engineering still remain.
Moreover, most studies up to date have been performed with
model compounds; the use of real biomass and bio-oil feed-
stock introduces added complexity that is essential to address
for successful commercialization of such processes. This re-
quires advances in the synthesis of catalysts, the understand-
ing of the catalyst performance and deactivation via advanced
in-situ characterization and theoretical studies, the kinetic
evaluation of the complex reaction pathways, and the demon-
stration of the processes in large scale with real feedstock.

In this context, the present thematic issue of Biomass
Conversion and Biorefinery is a collection of selected papers
originally presented at the BThermochemical lignocellulose
conversion technologies^ workshop that was held in
Chalkidiki, Greece in May 2016. The workshop was orga-
nized by the Chemical Process and Energy Resources
Institute (CPERI/CERTH, Greece) and Hamburg University

of Technology (Germany) in the frame of the EU FP7-funded
project CASCATBEL (GA: 604307, www.cascatbel.eu).
CASCATBEL (CAScade deoxygenation process using
tailored nanocatalysts for the production of biofuels from
lignocellullosic biomass) is coordinated by the IMDEA
Energy Institute (Spain) and aims to design, optimize, and
scale-up a novel multi-step process for the production of sec-
ond generation liquid biofuels from lignocellulosic biomass in
a cost-efficient way through the use of next generation high
surface area-tailored nanocatalysts.

The workshop covered the most up-to-date technological
and research advances in the field of lignocellulosic biomass
valorization via pyrolysis-based routes and this is reflected on
the contents of this special issue. Catalytic pyrolysis is ad-
dressed in three papers dealing with the effect of biomass
pretreatment, the synthesis, and application of hierarchical
zeolites and the kinetic modeling of biomass pyrolysis based
on first principles. The intermediate deoxygenation of bio-oil
via condensation reactions is investigated over nanostructured
transition metal oxides and tailored faujasite (FAU) zeolites in
the ketonization and esterification reaction, respectively. The
hydrodeoxygenation (HDO) of bio-oil is addressed with DFT
theoretical studies and mechanistic studies over novel Ni- and
Mo-based phosphide and carbide catalysts, while experimen-
tal studies over Ni-based catalyst with real pyrolysis oil as
feedstock are also presented.

We would like to thank all the authors for their valuable
contributions. The compilation of these studies nicely presents
the state-of-the-art on biomass pyrolysis and upgrading pro-
cesses, encompassing all aspects of the process development,
ranging from material synthesis to theoretical understanding
of the reactions and kinetics to experimental validation of the
processes.
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