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Abstract. The paper presents work results on optimization of stabilization phase in the biomass 
composting process. In these studies, it was examined the influence of two doses of ozone (10 and 
20 mgO3∙dm-3) in the air used for aeration of stabilization. The results showed the ability to reduce 
compost maturation time by more than 50%. Application of these ozone doses resulted in a 
reduction of organic matter content in the stabilizer by 30 to 60%, while reduction of moisture in the 
material by 20%. 

1 Introduction 
Intensive socio-economic development observed in 
Poland in recent years, resulted in a significant increase 
of biodegradable waste volume. In accordance with 
applicable law and the EU concept called circular 
economy, one should strive to make the best use of raw 
materials obtained in the process of waste recovery and 
recycling. In Poland, the material recovery has been 
regulated at Regulation of the Minister of the 
Environment from 2015 on the recovery process R10, in 
the provisions of the Waste Act of December 2012 and 
in guidelines of the Department of Waste Management 
in the Ministry of Environment from December 2008. 
After analysis of these documents, it was found that the 
main process of recovering raw materials from biomass 
is the composting process [1-6].  

In the moderate climate conditions, the composting 
process is divided into two phases, which both should 
not take less than 8 weeks [2-4]. The duration of the 
process depends on the choice of composting methods 
(active system with aeration of the material or passive 
without aeration) and the material properties which is 
going to be processed. Beside these factors the impact on 
composting process have also pH, ambient air 
temperature, amount of microorganisms, components 
containing auxiliary source of carbon [7]. Based on the 
studies carried out in different research centres, it was 
found that the first phase of the composting process 
should last about 2 weeks. Then the material is directed 
for the stabilization, which takes 6-8 weeks [2-4,8], the 
obtained compost must meet the following criteria [2]: 

a) loss of ignition (LOI) - below 35% of the dry mass, 
b) total organic carbon (TOC) - less than 20%, 
c) AT4 respiration activity - not exceeding 10 

mgO3∙g-1 of dry mass. 

In establishments, which carry out composting waste, 
there is a need to comply with quality standards, which 
often forces to extend the process length. It also affects 
the decline in their production capacity. Currently in the 
world there are many researches over the optimization of 
the composting process kinetics in its first phase and 
elimination of associated odorous emissions [8-14]. 
Optimization of stabilization phase in the composting 
process is mainly focused on the use of various 
substances for neutralizing additional contaminants (eg. 
toxic metals, petroleum products, etc.). In addition, in 
the literature there are several studies that suggest an 
additional hygienization of stabilized material and the 
possibilities of using gases generated in the process [15-
20]. 

Literature review showed that the main problem of 
the composting process is a lenght of its stabilization 
phase. Previous studies conducted in the world related to 
the use of ozone in the composting process, were 
focused on the disposal of leachate [21,22]. Due to the 
lacks in research and data in the literature, which regards 
to possibilities of shortening phase of aerobic 
stabilization, it was decided to investigate whether it is 
possible to use ozone as a substance, which affects both 
the additional hygienization of the material and 
acceleration of stabilization in composting process. 

2 Material and Methods 
The composting process was carried out in the 
isothermal bioreactor BKB 100 used for testing of 
digestibility of organic material. Based on previous 
laboratory tests it was found that the course of the 
decomposition of organic matter in the bioreactor is 
similar to the actual conditions occurring in the 
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composting containers [1,23,24]. The study used the 
mixture of biomass consisting: grass (50%), sawdust 
(25%) and food waste (25%) - in the total fresh weight 
of 30 kg. The composition of the mixture was selected to 
obtain the appropriate structural properties of compost, 
while ensuring: a proper flow of air in the bioreactor, the 
humidity of mixed biomass used for the process was 
63% and the C:N ratio was 23.8. In order to obtain the 
proper process of composting and trigger clear 
thermophilic phase, one set air flow in the bioreactor at a 
level of 0.035 m3∙h-1∙kgdw

-1 (which based on the weight 
of the composted waste was about 0.4 m3∙h-1). In a study 
conducted by Dziedzic et al. [25] and Malinowski and 
Wolny-Koladka [26], it was demonstrated that such flow 
provides adequate aeration of biomass (>10% O2 
content) and does not lead to supercooling of material. 

As soon as thermophilic phase of composting process 
has been completed (material reached the temperature of 
45°C after the passage on the inflection point which 
defines the maximum temperature of the process) one 
collected three representative samples of the material 
from the bioreactor with a mass of 1500 g for the air 
stabilization process with ozone content of 0, 10 and 20 
mgO3∙dm-3. Each representative sample was then divided 
into three equal parts weighing 500 g each, for a total of 
three sets of samples for the ozone aeration. To produce 
air containing ozone used ozone generator O3PRO DRP-
30,7VW by Prozonex (Poland). The stabilization was 
carried out in round-bottom flasks having a volume of 
500 ml, equipped with the air diffuser at the bottom of 
the flask, fitted with a sensor PT-1000 for measuring the 
temperature connected to a recording computer. During 
aeration, flasks were assembled in a laboratory shaker 
type LP-Shaker360 (simulation of compost flipping on a 
pile). Aeration process of the samples took 28 days 
(achieved ambient stabilization temperature), and was 
divided into seven four-day cycles: 

 day 1: measuring the initial temperature and 
shaking the sample with ozone aeration for 5 minutes, 

 day 2: break, 
 day 3: measuring the initial temperature and 

shaking the sample for 5 minutes, 
 day 4: break. 
After the end of the stabilization process, obtained 

compost was sieved through a sieve with an aperture of 2 
mm and analyzed in terms of moisture content using the 
gravimetric method according to ISO 11465:1999 and 
the loss on ignition according to EN 15169:2011. After 
stabilization process, from each sample was collected 40 
g of material in 2 replicates to determine the aerobic 
activity of the material  according to the Richtlinie für 
die mechanisch-biologische Behandlung von Abfällen.  

3 Results 
Due to the fact that the thermophilic microorganisms are 
the most active at temperatures above 45°C, such value 
was adopted as the lower boundary for thermophilic 
phase of the composting process in the experiment and 
the beginning of the compost stabilization process [3,9]. 
As a point of achieving thermal stability of the 

composted material one assigned the ambient 
temperature which was equal to 23°C maintained for a 
minimum 2 consecutive nights. Thermal stabilization of 
blank test was reached after 26 days from the start of 
measurement procedure (Fig. 1a). Samples aerated with 
air containing 10 mgO3∙dm-3 resulted in shorter 
stabilization time for 10 days (40% of the standard 
stabilization time) compared to blank sample (Fig. 1b). 
Air applied for stabilization with the content of 20 
mgO3∙dm-3 (Fig. 1c) effected in compost thermal 
stability after 12 days of stabilization (54% to 40% of the 
standard stabilization time). While analyzing the curves 
shown in Fig. 1 there is an increase in slope of the 
temperature with increasing concentration of ozone. The 
presence of this relationship may indicate faster 
hygienization of obtained stabilizer, so the decline of 
thermophilic microorganisms in the sample. 

a)  

b)  

c)  

Fig. 1. Changes of temperature in stabilization phase of 
the composting process depending on the concentration 
of ozone in the air: (a) the blank, (b) air containing 10 
mgO3∙dm-3, (c) air containing 20 mgO3∙dm-3 [author’s 
work] 

Relevance analysis of the results obtained for each 
sample was performed based on Pearson's linear 
correlation (n=9), using a significance level of p=0.05. 
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Pearson coefficient used for concentrations of ozone in 
the air used for the stabilization of the samples reached 
the highest value for the blank test (0.99). Samples 
aerated with ozone also reached higher degree of 
correlation of 0.92 (10 mgO3∙dm-3) and 0.81 (20 
mgO3∙dm-3). In all analyzed cases, the correlation had 
strongly positive nature. Analysis of standard deviations 
from medium temperature for ozonized samples (Fig. 2) 
showed variability in the range of 0.12÷0.14ºC. 

By monitoring the average changes in temperature of 
the samples aerated without the ozone addition, one can 
observe the presence of 3 stabilizing points after the 
material temperature reached 45, 34 and 28ºC. Samples 
aerated with 10 mgO3∙dm-3 also showed the presence of 
stabilization points, but the temperature was reduced by 
about 2.5ºC in relation to the blank. The analysis of the 
average temperature for samples aerated with 20 
mgO3∙dm-3 (Fig. 2) showed the disappearance of the 
stabilization points, which can be explained by reaching 
toxic concentrations of ozone in the air used for the 
analysis for micro-organisms present in the stabilization 
process.  

 

 

Fig. 2. Variability of average temperature in the 
stabilization phase of the composting process depending 
on the concentration of ozone in the air [author’s work] 

The use of ozone in the stabilization process of the 
samples did not affect the content of unprocessed 
biomass in the resulting compost, sifted through a sieve 
with an aperture of 2 mm. Analysis of the quality 
parameters of obtained compost indicates the existence 
of relationship between the amount of ozone applied to 
the stabilization and its moisture and organic matter 
content (expressed as loss on ignition). The use of air 
containing ozone at 20 mgO3∙dm-3 resulted in the loss of 
moisture content of 8% and a decrease in organic matter 
content of 58% compared to the blank.  

The experiment proved a positive ozone influence on 
accelerating the stabilization phase in the composting 
process. The proposed solution may be a contribution in 
the ongoing work on the intensification of thermophilic 
phase during processing of biomass. Analysis of the 
results showed that the increase in the concentration of 
ozone in the air deployed to stabilize the compost results 
in proportional decrease of its duration. In both analyzed 
cases (addition of 10 mgO3∙dm-3 and 20 mgO3∙dm-3) one 
showed a decrease in moisture content from 32% to 
about 26%, and organic matter content of the product 

from 26% to respectively 19% and 11% in comparison 
to the sample aerated without the use of ozone. pH of 
obtained compost did not depend on ozone concentration 
in the air and was at the level of 6.1. Oxygen activity of 
obtained compost was 10.01, 8.56 and 8.17 mgO2∙gdw

-1 
(for respectively aeration 0, 10, 20 mgO3∙dm-3). 
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