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The modeling and simulation of combustion processes is still a challenging field. It
requires integrating heat and mass transfers, flow conditions, and reaction chemistries.
The available tools for such modeling methods are very different and are usually problem-
specific. One particular field of interest is the fluidized bed combustion of solid fuels, which
additionally encounters fluidized bed hydrodynamics and particle interactions. Recent
trends in the field focus on a more detailed description and understanding of the burn-out
mechanism of solid fuel particles, which is essential for modeling in order to produce
reasonable outputs. From a control point of view, for example, the dynamic models of com-
bustion processes are essential in model-based control algorithms. Due to their complexity,
dynamic modeling based on partial differential equations and parameter identification
for the corresponding transient models is a topical problem that can be solved using a
comprehensive approach based on experimental data, numerical simulation, regression
modeling, and artificial intelligence methods. One common challenge is validating the
models in an actual process, which requires in-depth and precise measurements that are
typically complicated by limited access to the combustion process zone. This information
is also essential for controlling and monitoring combustion processes.

The most topical problems consider the combustion processes of renewable fuels
and possible solutions; up-to-date tools for reaction chemistry modeling and flow, heat,
and mass transfer simulations during combustion processes; the numerical simulation
of transient combustion processes; parameter identification for models of combustion
processes; advanced control algorithms of combustion processes; and sensors for monitor-
ing and controlling combustion processes have been presented and solved in the Special
Issue on Modelling, Simulation and Control in Combustion Processes of Renewable Fu-
els (https:/ /www.mdpi.com/journal/processes/special_issues/combustion_processes_
renewable_fuel).

Pour et al. [1] mainly numerically investigated a particular type of portable incinerator.
Their application in municipal solid waste management is growing due to the ability of
such instruments to produce energy and, more specifically, reduce waste volumes. The
article proposed a numerical simulation of the combustion process using computational
fluid dynamics. As a result, the most critical parameters were investigated for a reliable
design of a domestic portable incinerator. A previous design of simple incinerators was also
used to apply natural gas as one of the fossil fuels. The main parameters of the designs were
also investigated. Validation was performed for the mesh quality test and the occurrence of
chemical reactions near the burner of the incinerator. The results showed that by moving
the primary burner into the secondary chamber of the incinerator, the temperature and the
heating ability could be affected dramatically. Finally, it was found that by increasing the
flow rate of the cooling air inside the incinerator to some extent, the combustion process is
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improved. On the other hand, by introducing more cooling air, the evacuation of hazardous
gases from the exhaust also improved.

Guo et al. [2] conducted a numerical investigation on De-NOy technology and abnor-
mal combustion control for a hydrogen engine using an exhaust gas recirculation (EGR)
system. This is a topical problem because abnormal combustion and high NOy emissions
limit the applications of hydrogen-fueled engines. Nowadays, hydrogen engines use ex-
haust gas recirculation technology to control the intensity of premixed combustion and
reduce NOy emissions. Therefore, the research aimed to improve abnormal combustion.
The results indicated that the peak in-cylinder pressure continuously increased with the
increase in the ignition advance angle and was closer to the top dead center. Additionally,
the mixture burned violently near the theoretical air-fuel ratio, and the combustion dura-
tion was shortened. Moreover, NOy emissions, the average pressure, and the in-cylinder
temperature decreased as the EGR ratio increased. Furthermore, increasing the EGR ratio
led to an increase in combustion duration and a decrease in the peak heat release rate. The
EGR system could delay the spontaneous combustion reaction of the end gas and reduce
the probability of knocking. The pressure rise rate was controlled, and the in-cylinder
hot spots were reduced by the EGR system, which could suppress the occurrence of the
pre-ignition in the hydrogen engine.

Guo et al. also provided a numerical study on the pilot injection conditions of a marine
two-stroke lean-burn dual-fuel engine [3]. In this regard, notably, the global demand for
clean fuels is increasing in order to meet the requirements of the International Maritime
Organization of 0.5% global Sulphur cap and Tier Il emission limits. Moreover, natural
gas has begun to be popularized on liquefied natural gas ships because of its low cost
and environmentally friendly. In large-bore marine engines, ignition with pilot fuel in
the chamber is a proper way to reduce combustion variability and extend the lean-burn
limit. However, the occurrence of knock limits the increase in power. Therefore, this paper
investigated the effect of pilot fuel injection conditions on the performance and engine
knocking of a marine two-stroke low-pressure dual-fuel engine. Engine simulations were
performed under different pilot fuel parameters. The results showed that the average in-
cylinder temperature, the average in-cylinder pressure, and the NOy emissions gradually
decreased with the delay of the pilot injection timing. Furthermore, the combustion
situation gradually deteriorated as the pilot injection duration increased. A shorter pilot
injection duration was beneficial for reducing NOy pollutant emissions. Moreover, the
number of pilot injector orifices affected the ignition of pilot fuel and the flame propagation
speed inside the combustion chamber.

Liaposhchenko et al. [4] modeled the technological processes for a rectification plant
in second-generation bioethanol production. Since fuels obtained from crude oil (as a
non-renewable source) increase the amount of carbon dioxide in the atmosphere when
burned, alternative energy sources are used worldwide. Therefore, the research aimed to
study various technological modes at the rectification unit to produce fuel bioethanol from
lignocellulosic biomass. The main goal was to solve the applied scientific problems of ratio-
nal designs and technological optimizations to obtain boundaries of energy consumption
to ensure that the quality of bioethanol is sufficient for a consumer. For this purpose, recent
approaches for numerical simulation of chemical technological processes were applied to
study the operating processes and to optimize technological parameters. The plant model
was designed from various modules that allow us to simulate technological processes
efficiently and accurately for all the primary units of the rectification equipment. The
methodology based on the phase equilibrium was applied. As a result, a mixture with
74% of bioethanol and 9% of impurities was obtained in the brew column. Moreover, in
the epuration column, a mixture of 46% bioethanol and 2.2% impurities was obtained in
the bottoms. Finally, in the alcohol column, the mass fractions of distillate of 96.9% and
impurities of 2.7% were reached. The obtained results allowed solving applied scientific
problems with respect to technological optimization and rational designs to evaluate energy
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consumption in bioethanol production. As a result, a range of heating steam consumption
was evaluated to provide the heat and mass transfer processes of bioethanol concentration.

A comparison of ethanol, methanol, and butanol blending with gasoline and its effect
on engine performance and emissions using engine simulation was provided by Iliev [5].
The problem is also topical because air pollution is associated with serious problems
both with respect to people’s health and the environment. In this regard, over the past
few years, there has been particularly intense demands for alternatives to fossil fuels
because of the effects that have resulted when these fuels are burned. Additionally, with
respect to the smoke from fuels burned for heating and harmful emissions that industrial
installations release, exhaust emissions from vehicles create a large share of fossil fuel
pollution. Alternative fuels are derived from resources other than fossil fuels. Because
alcoholic fuels have several physical and propellant properties that are similar to gasoline,
they can be alternative fuels. Therefore, the study aimed to develop a gasoline engine model
to predict the influence of different alcohol-blended fuels on performance and emissions.
For this study, the particular software was used to analyze the characteristics of the gasoline
engine when operating with different mixtures of ethanol, methanol, butanol, and gasoline.
The obtained results from different fuel blends showed that when alcohol blends were used,
brake power decreased, brake-specific fuel consumption increased compared to gasoline
use, and CO and HC concentrations decreased as the fuel blend’s percentage increased.

A very important renewable fuel is wood biomass, which has been used for energy
since the earliest cavemen made wood fires for cooking or for generating heat. Biomass is
the only renewable carbon-based fuel. Combustion is currently the most common way to
obtain energy from biomass. For this purpose, wood pulp is used, particularly as a piece of
wood or in the form of wood chips. However, several factors affect the biomass combustion
process. Vitazek et al. studied the thermal decomposition of wood chips from an apple tree
in a static air atmosphere under isothermal conditions [6]. The results of the study have
shown that this process can be described by the rate of the first-order chemical reaction, but
the designed reaction model is valid only for a temperature range of 250-290 °C mainly due
to lignin decompositions. Nevertheless, the obtained kinetic parameters could be used for
the optimization of the combustion process of wood chips in small-scale biomass boilers.

The formation of particulate matter and gaseous emissions during biomass combustion
is influenced by many aspects. One of these aspects is how much combustion air needs to
be supplied to the heat source during combustion and how to redistribute it. Therefore,
the performance and emission parameters determined using different distributions of the
amount of combustion air of the wood stove with beech wood as a fuel have been studied
by Holub¢ik et al. [7]. Eighteen different settings with primary, secondary, and tertiary
air supplies were realized. Heat output, efficiency, particulate matter, carbon monoxide,
and nitrogen oxides were measured or determined. Based on the analysis of gaseous
emissions (CO and NOy), it was found that using the setting with a ratio of 25/50/25
(primary/secondary/tertiary) air supplies could be the best in terms of achieving suitable
efficiency and heat power. However, the PM concentration using this setting reached a
higher value.

Combustion processes are complex and, from a control point of view, strongly nonlin-
ear. Their measurements generate complex data that require proper analyses for further
designing prediction and control systems. A novel feature extraction and validation
technique for the data-driven prediction of oxy-fuel combustion emissions in a bubbling
fluidized bed experimental facility was studied by Marzova and Bukovsky [8]. The exper-
imental data were analyzed and preprocessed to minimize the size of the data set while
preserving patterns and variances and to find an optimal configuration of the feature
vector. The Boruta Feature Selection Algorithm (BFSA) was used for mapping between
available measurements (features) and emissions (outputs), and it found the feature vec-
tor’s configuration. The Multiscale False Neighbours Analysis (MSFNA) has been newly
extended and proposed to validate the BFSA’s design for emission prediction to assure
minimal uncertainty in mapping between feature vectors and corresponding outputs. The



Processes 2022, 10, 2530

40f5

combination of conventional BFSA with MSFINA appeared to be capable of clearly vali-
dating and proposing a proper sampling period that is computationally difficult with a
standalone BFSA.

Advanced control strategies for biomass combustion systems can guarantee good
combustion conditions using controlled variables such as feed temperature and the residual
oxygen content of the flue gas. In addition, online fuel characterization as a part of process
control could help optimize combustion processes, increase fuel flexibility, and reduce
emissions. A concept of a new sensor module for identifying fuel properties using the
principle of hot air convective drying was presented by Meiller et al. [9]. The idea is to pass
warm air with 90 °C through a bulk of fuel such as wood chips and to measure different
characteristics such as moisture, temperatures, and pressure drop over the bulk material
as a function over time. These functions form the basis for drawing conclusions and for
estimating relevant fuel properties, which would allow the biomass combustion control
system to adjust the speed of the fuel input, the amount of combustion air, or the speed of
grate motion in such a way that optimized operation of the biomass boiler is possible. This
will contribute to the better utilization of the existing potential in the field of biogenic solid
fuels. The concept is also interesting for other processes, such as gasification or pyrolysis,
or could be part of the fuel quality’s management process.

The possibility of the efficient control of small- and medium-scale biomass-fired boilers
by implementing low-cost sensors to sense the trend of carbon monoxide emissions when
controlling biomass combustion processes was studied by Mizakova et al. [10]. Based on
the theoretical analysis, a block diagram of the principles of the process control system
was designed to provide the near-optimal control of biomass combustion regardless of its
quality parameters. A cost-effective hardware solution to obtain the dependence of CO
emissions on O, concentration in flue gas during combustion and new control algorithms
have been implemented into the process control and monitoring system of the biomass-
fired boilers to test them in real operations. The designed and tested control algorithms
use information about the trend of CO emissions in the flue gas to continuously evaluate
the dependence of these emissions on the O, concentration. In this manner, the proposed
and verified control of the biomass combustion process with the aim of keeping the O,
concentration as low as possible (to reach low flue gas energy losses) successfully ensured
an important condition for the quality of the combustion process that CO emissions do not
exceed the permitted values for small and medium biomass-fired boilers. This was achieved
for the parameters of wood chips: moisture content at 35-45% and size of 35-40 mm. The
implemented control system and algorithms have even been able to ensure the required
combustion quality of wood chips with a moisture content of up to 50% and for different
types of wood: fir, beech, and oak.

Overall, novel approaches have been developed in computational modeling and
advanced control to address longstanding challenges in increasing energy efficiency and
decreasing environmental pollution arising from renewable fuel combustion.
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