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1. Introduction

There are plenty of challenges related to the current energy situation. For instance,
conventional energy sources, mainly derived from petroleum or oil, are continuously
decreasing due to different factors such as population growth, continuous industrialization
(including developing areas), and unsustainable transportation models. On the other hand,
energy dependency due to traditional energy sources is a real menace for those countries or
regions without any alternatives, as geopolitical factors are becoming increasingly present
in international settings, making prices unstable in many sectors, such as energy, raw
materials, etc. [1].

As a consequence, this situation is a global concern, and many of the above-mentioned
problems have sought to be avoided through the use of sustainable alternatives, such as
the implementation of green chemistry or circular economy policies, where biorefineries
can play an important role [2]. In that sense, the production of biofuel and bioproducts that
can present properties compared to equivalent compounds derived from oil can contribute
to the implementation of these facilities. However, there are also some challenges that new
research should address, such as the possible competition between food and land use or
the impacts of biomass processing [3]. In these cases, the valorization of waste could be
interesting, and the use of catalysts could alleviate some of the related problems by making
these processes more efficient and allowing new processes to reduce the environmental
impact of these practices.

Even though these processes are very different (covering a large number of natural
raw materials and wastes, including endless opportunities for their valorization), they
share some common points. For instance, new research focuses on innovative sources, such
as the use of oilseed crop residues [4], lignocellulose [5,6], or microalgae [7], to produce
biofuels and biochemicals in different ways, such as using thermochemical (including,
for instance, hydrothermal gasification [8]), physicochemical, or chemical processes [9].
On the other hand, the conversion of biomass could offer products with very competitive
properties compared to traditional ones (as in the case of alcohols obtained from furfural),
demonstrating their added value [10]. In any case, these processes should present high
atom economy and energy efficiency, which can be achieved via the use of catalysts, mainly
in order to reduce the activation energies of chemical reactions. Thus, homogeneous and
heterogeneous catalysts are used, including enzymes (as in the case of immobilized lipases
for biodiesel production [11,12]). In that sense, new sustainable catalysts are obtained, for
instance, from wastes to produce biochar (a bioproduct by itself with many uses [13]) or
nanocatalysts [14] that could act as catalysts if they are suitably prepared [15] for biofuel
and bioproduct synthesis.

2. An Overview of Published Articles

Considering the above, this Special Issue aims to cover new trends in the use of
catalysts for biofuel and bioproduct generation, addressing the above-mentioned challenges.
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As inferred in the Introduction, there is a wide variety of alternatives that can be used
to make biofuel and bioproduct generation competitive and efficient through the use of
catalysts, and this Special Issue only mentions a sample of the possibilities proposed by the
scientific community.

Some studies have focused on the valorization of waste and the introduction of in-
novative catalysts, as in the case of the work carried out by Hanif et al. (Contribution
1), who used different waste plant oils to produce biodiesel through transesterification
using a novel nano-catalyst (Li-TiO2/feldspar). The use of heterogeneous catalysts is a
challenging and interesting approach in this process, which could considerably reduce the
number of post-treatments to purify the final biodiesel. However, lower yields compared
to homogeneous catalysts are usually obtained. In this study, high conversions (above 90%)
were obtained at relatively low temperatures (50–60 ◦C) and typical catalyst concentrations
(2%), requiring high methanol/oil ratios (usually 10:1). The properties of the biodiesel
that was obtained complied, in general, with standard requirements. The same authors
of the previous study (Contribution 2) produced biodiesel from waste oils using novel
nano-magnetic CaO/Fe2O3/feldspar catalyst, the use of which allowed high-yield ranges
(93.6–99.9%) at low temperatures (40 ◦C) for 2 h, with methanol/oil ratios ranging from
5:1 to 10:1. Equally, the use of environmentally-friendly and reusable catalysts is the main
subject of the work carried out by Khosa et al. (Contribution 3), where the synthesis of com-
bined CaO nanocomposite and cellulose nanocrystals was carried out to produce biodiesel
from waste cooking oil, with high conversion levels and the possibility of regeneration of
the catalyst (up to three cycles without any changes in catalytic performance).

In that sense, biodiesel production can present a starting point for a biorefinery con-
cept, for instance, to produce biolubricants. Thus, Nogales et al. (Contribution 4) carried
out a review study centered around the factors that affect catalytic performance during
biolubricant production, and they found that it contributed to high conversions of raw ma-
terials (including residues like waste cooking oil), obtaining a final product with interesting
and versatile properties depending on the operating conditions.

One recurring byproduct obtained in many syntheses covered in this Special Issue
(especially concerning biodiesel production from fatty acids) is glycerol, which can be used
in different reactions to produce energy or a wide range of products. For instance, in the
study carried out by Cornejo et al. (Contribution 5), glycerol was used to produce higher
tert-butyl glycerol esters through acid-catalyzed etherification with tert-butanol, employing
p-toluensulfonic acid as a catalyst.

In the same way, there are other wastes that can be valorized. For instance, Olivares-
Marín et al. (Contribution 6) optimized the hydrothermal carbonization of a waste derived
from the removal of an invasive floating plant (water hyacinth) by adjusting Al and Fe
content during this process. Thus, an interesting porous carbon was obtained, presenting
a feasible alternative for the environmental management of this invasive species. In
the same way, the valorization potential of biomass containing glucose (for instance, in
agricultural or forest residues) via isomerization to fructose and subsequent dehydration
to obtain 5-hydroxymethylfurfural (HMF) was studied by David et al. (Contribution 7).
In this study, an effective catalytic consortium was used with the following operating
conditions: CX4SO3H/NbCl5 (5 wt%/7.5 wt%) using water/NaCl and MIBK (1:3) at
150 ◦C for 17.5 min. The resulting catalyst was successfully reused up to seven times,
keeping the HMF yield constant. Considering HMF as the cornerstone for the synthesis
of biofuels and fine chemicals, Mitra et al. (Contribution 8) used hybrid phosphonates for
5-HTC production from carbohydrates derived from biomass, obtaining yields exceeding
90% through microwave-assisted reactions. Parralejo Alcobendas et al. (Contribution 9)
also offered a study where the role of nanoparticles was important in biogas production
from pepper waste and pig manure, increasing the methane production rate. For energy
exploitation, biogas steam reforming is an important resource that can be used to produce
hydrogen, the catalytic process of which is essential to improve its efficiency. As explained
by Nogales et al. (Contribution 10), there are different key factors that clearly affect catalytic
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steam reforming, like the presence of H2S, coke deposition, or sintering, and the synthesis
of innovative and resistant catalysts is required for this purpose.

To sum up, the studies that are included in this Special Issue are diverse, and they
focus on different aspects like catalyst optimization or the search for new raw materials,
including a wide range of wastes that can be used to valorize them.

3. Conclusions

In conclusion, the studies covered in this Special Issue pointed out some interesting
ideas, like the following:

• The latest research has focused on waste valorization as a means to produce both
energy and high-value products, with interesting properties that can be used to replace
traditional energy sources, such as petrol-based products;

• The use of catalysts has made these different processes more competitive, presenting
an interesting starting point for the implementation of such technologies at an industry
level in a biorefinery context.

• Operating conditions have an important impact on catalytic performance and the
quality parameters of final products.

• New challenges should be addressed, like an increase in the life cycle of catalysts or the
requirement of exergy analyses to obtain a real grasp of the above-mentioned processes.

Conflicts of Interest: The authors declare no conflicts of interest.
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