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Abstract: Environmental problems associated with global energy supply systems and the increasing
amount of global solid waste production are triggering a shift towards a greater reliance on biomass
waste. Waste-to-energy systems have become important for industries and scientists because of the
increasing interest in energy production from waste, due to improved efficiency and cost-effective
solutions. The shift to biomass is also essential for industries to use their own waste to produce their
own energy, which is in line with circular economy concepts. This Special Issue “Biomass Wastes for
Energy Production” of Energies comprises ten (10) papers, including one review article, that represent
the latest advances of waste-to-energy technologies and contribute to the rethinking of global energy
supply systems. The Guest Editor also highlights other relevant topics that fall beyond the coverage
of the published articles.
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1. Introduction

Climate change is forcing a rethinking of the world’s energy supply system. Moreover,
there is an increasing volume of biomass solid waste production worldwide. A shift toward
a greater reliance on biomass waste is plausible due to major technological advances that
hold the promise of biomass conversion into high-quality commodities such as electricity
and gaseous or liquid fuels which are economically competitive with fossil fuels. Thus,
waste-to-energy systems have become increasingly important for industries and scientists
due to their interest in energy production from waste, with cost-effective solutions and
improved efficiencies. The shift to biomass waste is also important for industries to become
more efficient by using their own waste to produce their own energy, which is in line with
the circular economy concept.

This Special Issue of Energies aims to publish the latest research on waste-to-energy
technologies. The papers included will demonstrate the highly innovative and advanced
scientific and engineering research in the field of waste-to-energy technologies and lifecycle
assessment. This Editorial is organized as follows. Section 2 recapitulates the published
articles in this Special Issue. Section 3 discusses several relevant topics beyond the coverage
of the Special Issue. Lastly, the conclusion is drawn in Section 4.

2. Special Issue Performance

This section discusses each of the published articles in the main text but also recapitu-
lates these in Table 1 as a complete overview of the Special Issue publications topics.
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Table 1. Summary of the Special Issue articles.

Reference Special Issue Topic Specific Topic

Dyjakon and Noszczyk [1] Waste-to-Energy Torrefaction
Stępień et al. [2] Waste-to-Energy Torrefaction

Boer et al. [3] Life-Cycle Analysis Biomass Waste
Malmir et al. [4] Life-Cycle Analysis Waste Management

Dębowski et al. [5] Waste-to-Energy Anaerobic Digestion
Hoang et al. [6] * Waste-to-Energy Biomass Waste
Kozioł et al. [7] Waste-to-Energy Combustion

Calì et al. [8] Waste-to-Energy Gasification

Ferreira et al. [9] Waste-to-Energy and
Computational Models Gasification

Copa et al. [10] Waste-to-Energy and
Cost Analysis Gasification

* Review article.

Dyjakon and Noszczyk [1] proposed the torrefaction process of various forestry
biomass residues as an initial treatment and as a means of preparing alternative fuels
or substrates for other applications. Based on the results after the torrefaction process, the
materials were characterized and showed good hydrophobic properties, calorific value and
energy density. Considering the physical and chemical parameters, such as volatile matter,
calorific value and fixed carbon content, forestry biomass resembles anthracite coal after
torrefaction, but remains a biomass, a renewable source of energy.

Stępień et al. [2] studied the elephant dung torrefaction to determine the impact of
operational parameters on the waste conversion rate and biochar properties. The produced
biochars were characterized in terms of moisture content, organic matter, ash and calorific
values. Furthermore, thermogravimetric and differential scanning calorimetry analyses
were used for the process kinetics assessment. The results show that torrefaction is a
feasible method for elephant dung valorization that can be used in households for heating
and cooking.

Boer et al. [3] presented a lifecycle assessment of the integrated value chain from peach
pruning residues for electricity generation and compared it to the common practices of
the mulching process of the pruned biomass in orchards. The results show that biomass
harvesting, chipping and its delivery to a power plant are feasible from an environmental
perspective. The total global warming potential of this value chain was almost 12 times
lower than the mulching and leaving of the pruned biomass in orchards.

Malmir et al. [4] carried out a lifecycle assessment for the current and proposed waste
management system in Montréal city. A genetic algorithm was used to optimize the waste
flows. Results showed that the current recovery ratio of organic waste of 23% could be
increased to 100%. Moreover, recycling could be doubled and landfilling could be halved.
The optimized waste flow for Montréal results in 58% for landfill, 32% for recycling, 2% for
anaerobic digestion, 7% for compost and 1% for incineration.

Dębowski et al. [5] studied the performance of the anaerobic digestion of dairy wastew-
ater in a multi-section horizontal flow reactor equipped with a microwave and ultrasonic
generator. They found that organic loading rates had the greatest effect on the effects
of anaerobic digestion of dairy wastewater in terms of organic compound removal and
biogas and methane yields. They also found a considerable effect of ultrasonication on
the effect of anaerobic digestion of dairy wastewater. An increase in ultrasonic intensity
considerably reduced the efficiency of organic compound removal from wastewater, as
well as biogas yield.

Hoang et al. [6] provided an overview of biomass streams that can be used for biogas
production and their alternative uses. Their literature review was performed using the
machine learning technique “co-occurrence analysis of terms”. They conclude that a large
share of the biomass streams have many alternative uses, which limit their contribution to
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biogas production. Furthermore, there are some streams that have not been considered in
the estimates for biogas production despite the fact that they have the appropriate characteristics.

Kozioł et al. [7] determined the energy and ecological characteristics of steam boilers
when co-firing hard coal and biomass. Energy characteristics such as the dependence of the
gross energy efficiency of boilers on such decision parameters as their efficiency and the
share of biomass chemical energy in the fuel were determined. Ecological characteristics
such as the dependence of gaseous emission streams and dust on the same decision
parameters were determined. Boiler characteristics can be used when predicting the effect
of the operating conditions on the existing, modernized and designed boilers.

Calì et al. [8] carried out an experiment to optimize and develop a fixed-bed updraft
gasification process for power generation from biomass. Particular attention was paid to
the optimization of an integrated double-stage wastewater management system designed
to minimize both liquid residues and water make-up. They identified the optimal process
parameters for the operation of the syngas cleaning system that results in a 60% reduction
in wastewater disposal.

Ferreira et al. [9] performed an experimental and modeling analysis of brewers’ spent
grain gasification in a pilot-scale downdraft reactor. A ratio of 1.3 kg of brewers’ spent
grains per kWh of electricity generated was obtained, with an average electrical efficiency of
16.5 percent. A modified thermodynamic equilibrium model of the downdraft gasification
was developed to assess the potential applications of various biomasses through produced
gas quality indices. They concluded that when using air as the oxidizing agent, biomass
gasification provides syngas with enough quality to be used for energy production in
boilers or turbines.

Copa et al. [10] performed a techno-economic analysis of a small-scale (15 kWe) down-
draft gasification system for electricity generation. An economic model was developed
combining the net present value, internal rate of return and the payback period. A Monte
Carlo sensitivity analysis was used to measure the performance of the economic model
and determine the investment risk. The analysis showed an electricity production between
11.6 and 15 kW, with a general system efficiency of approximately 13.5%. The viability of
the projects was predicted for an internal rate of return between 16.88 and 20.09 % and a
payback period between 8.67 and 12.61 years. This study emphasizes the empowering ef-
fect of small-scale gasification systems employed in decentralized communities for electric
power production.

3. Prospects for Future Developments

Besides the topics approached by this Special Issue, there are some waste-to-energy
technologies and modeling techniques that were not covered. The Guest Editor would like
to summarize the key topics—carbonization, pyrolysis, plasma gasification, supercritical
water gasification and the numerical simulation methods and combustion characteristics of
the syngas—in this section. Moreover, a few studies on the related fields are referenced as
suggested readings in each field.

Waste-to-energy technologies have become important for industries and researchers
due to climate change, the increasing amount of biomass waste production and the costs
associated with its disposal. There are some relevant and emerging issues within the main
topics of the Special Issue that were not explored by the ten articles published. These are
the following:

- On the topic of biomass waste: Its availability, characterization and role in the circular
economy. The availability of biomass waste should be achieved globally [11], especially
due to its hazardous nature [12]. Moreover, there is a limited number of studies that
discuss the characterization of biomass waste in terms of ultimate and proximate
compositions, densification [13], heating power, etc. [14].

- On the topic of progress in waste-to-energy technologies. Carbonization, which is
a renewed technique from which biocarbon is obtained from biomass waste [15,16],
pyrolysis [17], which is suitable for bio-oil production, plasma gasification, which [18]
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is suitable for hazardous waste elimination, and supercritical water gasification [19],
which is suitable for high-moisture biomass waste, deserve to be developed. Although
one article in this Special Issue studied the combustion characteristics of biomass in
a boiler, our understanding of gasification gas combustion characteristics is limited;
thus, it is necessary to improve our understanding in order to improve the market
penetration of this technology. The references [20–22] are suggested as readings on
this matter.

- On the computational models of biomass-based energy generation processes. There
are several recent developments regarding this matter as expressed by Ramos et al. [23].
Specifically, a CFD plasma gasification model was developed by Ismail et al. [24] and
CFD conventional gasification models are provided by [25,26].

- On the cost and performance analysis of waste-to-energy technologies. This topic
was approached in one paper, but the same methodology should be applied to other
biomass wastes, such as brewery biomass residues [27], sewage sludge and solid
recovered fuels [28].

4. Conclusions

This Special Issue is composed of ten articles (one review paper) on various topics
regarding biomass waste for energy production. Contributors have shared many valuable
insights on the recent developments in this field. The Guest Editor has briefly summa-
rized the details of each work and highlighted some emergent topics in the biomass and
bioenergy field.

Thus, the development and advancement of waste-to-energy technologies is necessary
in order to reshape global energy supply systems and make them consistent with the idea
of a circular economy.
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