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The most pressing environmental issue of our time is the significant release
of CO; into the atmosphere, which is largely due to many types of anthropogenic
activity and, in particular, the combustion of fossil fuels. Reducing CO, emissions
is crucial to achieving climate neutrality, contributing to the achievement of Net
Zero goals by 2050 [1]. In line with the green energy policy, EU countries are
striving to increase the volume of energy production from renewable resources,
while simultaneously reducing the consumption of fossil fuels.

The responsibility for meeting the energy needs of consumers in Poland lies
with municipalities [2]. These responsibilities include the production of heat and
energy in municipal enterprises; cooperation with various entities and decision-
making on the choice of fuel for the production of heat and energy; suppliers of
appropriate fuel and everything necessary for the maintenance of energy
production facilities and its distribution to end consumers [3]. The targets for the
transition to renewable energy production in Poland can be achieved through the
use of plant biomass [4]. The term «plant biomass» covers all renewable organic
materials obtained from plants, including special energy crops, agricultural crops
used for both food and feed, residues from agricultural practices, aquatic plants
[5, 6]. Crop residues from agricultural activities, such as straw from various crops,
are subjected to biochemical or thermochemical transformation for energy
production. These agro-food residues do not compete for resources with food
supplies or fertile arable land. However, even taking into account the ecological
and social benefits of crop residues, a significant part of forest biomass remains
largely unused [7]. The most common biological processes of converting biomass
into energy are anaerobic digestion and fermentation; while thermochemical
conversion of biomass into energy is provided by direct combustion, gasification,
pyrolysis and hydrothermal liquefaction processes. Moreover, due to the fact that
thermochemical conversion processes are faster, they attract more attention, as
revealed by various studies.



158

Thus, the current study aims to provide a comprehensive review regarding
the potential of woody biomass for energy purposes and the possibilities of
achieving sustainable bioenergy production.

Biomass resources. Solid biomass is mainly obtained from the forestry and
wood processing industry, as well as from agriculture and the agri-food sector [9].
The importance of biomass as a raw material for energy production in Poland
increased significantly between 2000 and 2012. The share of renewable energy
production in total energy production in Poland also changed. While in 2000 the
share of renewable energy in the energy production structure was 4.75%, in 2012
it was 11.73%. In each year analysed, biomass production dominated the structure
of renewable energy [10]. The EU's domestic biomass potential is expected to
increase to 11.2 EJ/year by 2030 (Figure 1) [1]. Today, biomass decay accounts
for around 30% of agricultural biomass, 60% of forest biomass and 10% of other
waste. Combustion currently accounts for over 97% of global bioenergy
production, making it the simplest and most sustainable technology for converting
biomass into energy.

Features of the conversion of biomass into energy. Researchers come to the
conclusion that burning and pyrolysis of wood materials as methods of generating
electrical and thermal energy are significantly inferior in efficiency and
environmental safety to gasification [8]. When burning organic matter, the
amount of carbon dioxide released is equal to the amount of this compound
absorbed by the plant as it grows. As a result, the carbon dioxide balance is zero,
and during thermal processing, ash is formed, which is a valuable fertilizer. In this
regard, it can be accepted that biomass is cheap green energy.

The aggregate analysis considers biomass as four key components of thermal
conversion: moisture, volatiles (including gases and vapours released during
pyrolysis), fixed carbon (non-volatile carbon), and ash (the inorganic residue
remaining after combustion). The ratio of fixed carbon to volatiles directly affects
the composition and yield of solid, liquid, and gaseous products obtained from
pyrolysis and gasification processes. The heating value, also known as calorific
value, is a key indicator of the quality of a particular feedstock. This value reflects
the energy content of the feedstock, calculated based on the heat released during
complete combustion of CO, and H,O (lower calorific value gases or higher
calorific value liquids) as well as secondary by-products such as N, and ash [11].
Humidity levels are key, as high humidity reduces thermal efficiency, requiring
more energy for drying and impacting yield and product composition. Volatile
matter levels must also be considered; increasing them promotes combustion and
the formation of more gases and liquids, improving process efficiency but can
lead to increased resin formation. The yield of solid residues is determined by the
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fixed carbon content, which affects the energy distribution and the calorific value
of coal [12].
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Figure 1. Projected potential of biomass for bioenergy [1]

Ash content, which is usually a problem, can cause operational problems
such as slagging, reduced efficiency and maintenance, and a decrease in the
calorific value of residues. The composition of the elements (carbon, hydrogen,
oxygen, nitrogen and sulphur) directly affects the energy level, emissions and
chemical composition of the products. Generally, higher concentrations of carbon
and hydrogen contribute to increased energy yield and improved gas quality,
while higher nitrogen and sulphur content leads to increased harmful emissions,
requiring additional measures for their treatment [13]. Analysis of both the
preliminary and final composition allows us to determine the main characteristics
of the biomass [14]. In addition, the increased moisture content of the biomass
requires significant energy costs for drying the raw material before
thermochemical conversion, which in turn reduces the calorific value of the
resulting biofuel. Reducing the concentrations of moisture, oxygen and ash can
help improve the calorific value of the final conversion product [15]. Wood
biomass contains 0.2 to 2.5 wt.% inorganic ash components such as K, Ca, Na,
Si, P and Mg. Gasification is based on the principle that exposure of biomass to
elevated temperatures results in the destruction of fragile C—C (C;—Cs) chemical
bonds. This process causes defunctionalization and refunctionalization stages,
resulting in the formation of tar, carbon and gases. After the removal of impurities,
these products become valuable resources.

According to the conducted research, the co-combustion of coal and biomass
in the energy sector in Poland has a negative impact on the operating conditions
of heating surfaces. However, many years of experience in the operation of
medium and high efficiency boilers show that this problem can be mitigated by
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the effect of aluminosilicates present in coal ash, which are able to bind potassium
and thus provide protection [16].

In summary, the research shows that biomass is the only sustainable carbon-
based fuel; therefore, its use is becoming increasingly important for climate
protection. Combustion is the only proven thermochemical conversion process
(together with gasification and pyrolysis) for the production of heat and
electricity. However, biomass combustion produces large pollutants and therefore
requires improvement. To create emission reduction methods, it is necessary to
study the individual properties of the fuel.
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