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Abstract
Biomass is one of the most important renewable energy sources in the energy industry. It is anticipated that 

burning biomass will supply 33–50 percent of the world's energy needs by 2050. Similar to how biomass burns, 
conventional fuels also produce þy ash and other combustion byproducts. As a result, interest in biomass as an energy 
source is also growing, as is the annual production of ash, a byproduct of combustion. According to estimates, the 
burning of biomass has the potential to produce approximately 476 million tons of ashes annually. The amount of ash 
produced by heating wood ranges from 0.4 to 3.9% of the dry fuel mass, while the dry wood mass's caloriýc value 
typically falls somewhere in the 18.5 MJ kg 1 range. However, it is particularly challenging to identify biomass ash 
due to the wide range in chemical composition between biomass and combustion technology. Additionally, despite 
the fact that it may contain combustible substances like polycyclic aromatic hydrocarbons (PAHs) and volatile organic 
compounds (VOCs), as well as toxic compounds that are harmful to the environment like heavy metals, this waste is a 
valuable ingredient that can be utilized in fertilizers. It contains calcium (Ca) and potassium (K) among other composition, and other factors. Instead of being disposed of in landýlls, where it will lose its valuable properties, 
such ash should be used for agriculture and land reclamation if its pollution levels are low. This review aims to discuss 
the characteristics of biomass combustion ashes produced in Poland and around the world, the factors that inþuence 
their composition, and the possibilities for their reuse in various industries and the environment.
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Introduction
A signi�cant portion of Poland's total industrial waste is made up 

of combustion byproducts from the production of heat and electricity. 
According to the literature, between 900 and 1000 million tons of 
energy waste are produced annually worldwide. �e European Union 
(EU) produces 100 million tons annually, while the United States alone 
produces 130 million tons annually. Worldwide and within the EU, a 
signi�cant amount of generated energy is wasted. In December 2018, 
the revised Renewable Energy Directive (Directive (EU) 2018/2001) 
became e�ective as part of the Clean Energy for All Europeans package. 
According to the new directive, renewable energy must account for 
at least 32% of the �nal energy consumption in the Union by 2030 
[1,2]. A clause states that this goal can be increased to 14 percent of 
transportation energy from renewable sources by 2030 and 2023. Not 
only for economic and technological reasons but also speci�cally for 
eco-development that is sustainable, the energy industry has pioneered 
the use of biomass as a renewable energy source. Additionally, because 
the amount of CO2 released during combustion is comparable to the 
amount that plants have previously absorbed from the atmosphere, it 
is considered a carbon-neutral fuel.

At the moment, the most promising renewable energy product is 
biomass. In some nations, municipal waste, which includes waste from 
residential and commercial as well as public services, is also referred to 
as biomass. Between 112 and 220 billion tons of biomass are produced 
annually worldwide, according to literature: biomass with an energy 
potential of 1.2 to 3.1 billion tons, consisting of approximately 3 billion 
tons of forest residue and 1.1 billion tons of municipal solid waste. 
�e report predicts that biomass combustion will account for 33 to 50 
percent of the world's energy reserves by 2050. However, as biomass 
combustion increases, so does the annual production of waste ash. At 
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the present time, it is anticipated that the combustion of biomass will 
annually produce approximately 476 million tons of ash [3,4].

�e unique chemical composition of the ash is determined by the 
characteristics of the biomass and the conditions under which it was 
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