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INTRODUCTION

Nowadays, one of the most pressing prob-
lems concerning protection of the environment is 
waste management [Dach et al., 2014]. This is re-
lated to the requirement to adapt the national law 
to the European Union legislation [Janczak et al., 
2013a]. One of the most environmentally trouble-
some waste is sewage sludge that is related to liv-
ing conditions of human activity [Jędrczak, 2007]. 
Wastewater after treatment can be discharged into 
a reservoir, while the sewage sludge must be sub-
jected to additional treatment primarily oriented 
towards stabilization [Andrés and Walter, 2010]. 
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ABSTRACT
In order to ensure proper composting of sewage sludge it is necessary to use bulking 
agents which will create favorable water and air conditions inside the pile and will be 
an additional source of carbon for the improvement of the C: N ratio of a composted 
mixture. However, the cereal straw widely used for composting of sewage sludge is 
very expensive and has a negative impact on the economic balance of the operations 
of a composting plant. Therefore, there is a need for novel, alternative materials that 
can be used as cheap and effective bulking agents for composting of sewage sludge. 
The aim of this study was to investigate the composting process of municipal sewage 
sludge and maize straw as a structural addition. The study was conducted in a special-
ized bioreactor for modeling aerobic or anaerobic decomposition process of organic 
materials. The bioreactor was equipped with 165-liter, thermally insulated chambers, 
controlled air flow and a system of gases and temperature analyzers. The studies have 
shown that composting of sewage sludge with the addition of maize straw leads to 
a very intense thermophilic phase resulting in strong emission of CO2. The usage of 
maize straw allowed to reduce the ammonia emissions and the amount of leachate. 
The obtained compost had favorable physicochemical and organoleptic properties, i.e. 
it showed neutral smell of the forest litter, good fragmentation and was not clammy. 
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This allows hygienisation of waste and reduction 
of the amount of emitted odor [Imhoff, 1996]. The 
National Waste Management Plan (2010) provides 
the rules and guidelines for management of sewage 
sludge. The main objective of this Plan is to mini-
mize generation of sewage sludge. 

However, this task is extremely difficult be-
cause the amount of sewage sludge is increasing 
every year, which is caused by, among others, the 
increase in areas with wastewater collection system, 
modernization of old wastewater treatment plants, 
construction of new ones and improvement of our 
life quality. Sewage sludge can be used directly on 
agricultural areas [Conde Suárez et al. 2004] or 
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can be subjected to various disposal and recovery 
treatments. One of these methods for disposal of 
sewage sludge is composting [Haug, 1993; Wolna-
Maruwka and Czekała, 2007]. This process allows 
oxygen stabilization of sewage sludge [Czekała 
et al., 2012; Sidełko et al., 2011] and conversion 
into a mature compost and an environmentally safe 
product [Singha and Agrawal, 2008]. 

From the environmental point of view, the most 
unfavorable method of sewage sludge management 
is landfilling which was predominant in Poland. 
However, since January 2013 landfilling of sewage 
sludge has been banned. Therefore, the existing ap-
proaches towards sewage sludge utilization require 
proper adjustment [Malińska and Zabochnicka-
Świątek, 2013]. Taking into account these unfa-
vorable proportions in waste management we are 
obliged to look for alternative options in order to 
reduce the quantities of generated sewage sludge 
(Figure 1) [Siebielska and Janowska, 2011]. The 
definition provided in the section II, chapter 2, Ar-
ticle 18 of the Act on Waste [Act on Waste, 2012] 
defines organic recycling as aerobic treatment, in-
cluding composting, or anaerobic treatment. This 
means that waste is decomposed under controlled 
conditions with usage of micro-organisms and as a 
result organic matter or methane is formed.

The national (and the European Union) leg-
islation points out that the basic method of waste 
disposal (except from the limitation of the amount 
of generated waste) should be recovery, and then 
disposal. Composting which is referred to as R3 
recovery method – from the legal point of view 
– should be a preferred method of sewage sludge 
management. And for this reason, the National 

Program for Municipal Wastewater Treatment 
has assumed that agricultural use of composted 
sewage sludge should be a preferred direction 
of sewage sludge usage [Janosz-Rajczyk, 2004]. 
Properly conducted composting of sewage sludge 
is desirable not only because it improves hygienic 
conditions but also because it allows to reduce 
greenhouse gases emissions [Bourne et al., 2012]
and odors. This issue is of great importance be-
cause the waste, including sewage sludge, is one 
of the emission sources of methane, ammonia or 
hydrogen sulfide into the atmosphere. 

One of the biggest problems associated with 
composting of sewage sludge is unfavorable 
C : N ratio, resulting from nitrogen surplus. This 
is undesirable because the excess of nitrogen 
can escape to the atmosphere in a form of am-
monia. Considering organic carbon deficiency 
in the waste, it becomes necessary to amend the 
mixture with bulking agents, such as straw, bark, 
woodchips [Melero et al., 2007; Malińska & 
Zabochnicka-Świątek, 2013] or materials such as 
biochar, zeolites or diatomite which can reduce 
ammonia emissions during the process [Malińska 
et al., 2004; Zabochnicka-Świątek and Malińska, 
2010; Malińska et al., 2014]. 

However, due to high demand of renewable en-
ergy sector [Lewicki et al., 2013], both cereal straw 
and sawdust are available at high prices, gener-
ally exceeding in case of straw level of 35 Euro/t. 
Therefore, there is a need for alternative biomass 
that can be used as structural support for compost-
ing of sewage sludge. Maize straw can be used as a 
bulking agent for composting of sewage sludge. The 
obtained compost will not only accommodate waste 

Figure 1. Expected changes in the structure of municipal sewage sludge disposal in Poland 
until 2018 [The 2010 National Waste Management Plan]
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used in its production but also provide valuable fer-
tilizer [Cuevas et al., 2003; Boruszko, 2011].

The main aim of this study was to investigate 
the potential of maize straw as a bulking agent in 
composting of sewage sludge. The scope of the 
presented research included composting of sew-
age sludge mixed with maize straw as a bulking 
agent and evaluation of the effect of maize straw 
on gaseous emissions and characteristics of the 
obtained compost. 

MATERIALS AND METHODS

Sewage sludge used in the presented research 
was sampled from the municipal wastewater 
treatment plant in Szamotuły, Poland (79% d.m) 
and maize straw (19% d.m) was harvested from 
a local farm near Trzcianka, Poland. The ratio of 
maize straw in the composting mixture was de-
termined based on dry matter and C:N ratio the 
weight load (the chamber No. 1 – 55% content of 
sewage sludge and 45% of maize straw and the 
chamber No. 2 – 45% content of sewage sludge 
and 55% of maize straw). 

This study was conducted at the Institute of 
Biosystems Engineering (Poznań University of 
Life Sciences, PULS, Poland). The 2-chamber 
isolated bioreactor with the chamber volume of 
165 dm3 was used for the experiments (Figure 2) 
[Dach, 2005]. To maintain proper thermal insu-
lation and regulation of the air flow into the in-
vestigated mixture, the bioreactor allows accurate 

representation of the changes occurring in anaer-
obically stored or composted material, including 
the changes of physical, chemical and microbio-
logical parameters as well as emitted gases and 
energy [Czekała et al., 2006; Wolna-Maruwka, 
2006]. This system enables to conduct the model 
research without the influence of weather condi-
tions which can affect the results of field studies 
[Janosz-Rajczyk, 2004; Janczak et al., 2013b]. 
The temperature of the mixtures below 30 °C was 
recognized as the end of the experiment.

RESULTS 

The obtained results have shown that the bio-
reactors fully reflected the decomposition pro-
cesses occurring in composted materials. It was 
confirmed by the achievement of high tempera-
tures typical for intense thermophilic phase which 
occurs during composting process in the real scale 
[Dach et al., 2003; Niżewski et al., 2006].

Temperature changes

On the basis of temperature changes during the 
composting process, it was possible to distinguish 
three phases [Niżewski et al., 2006]. The most im-
portant for composting process is the 2nd phase, 
i.e. thermophilic phase [Piotrowska-Cyplik et al., 
2013]. During this phase the temperature growth 
allowing the stabilization of the compost in terms 
of sanitary requirements was observed [Sidełko et 
al., 2011]. For both mixtures, the maximum tem-

Figure 2. Schematic diagram of the 2-chamber bioreactor: 1. Pump, 2. Flow regulator, 3. Flow meter, 4. Insulated 
chamber, 5. Drained liquids container, 6. Composted mass, 7. Sensors set, 8. Air cooling system, 9. Condensates con-
tainer, 10. Set-up of gases analysis (NH3, O2/CO2, CH4, H2S), 11. 32-channel recorder, 12. Air pomp steering system
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peratures obtained in the bioreactors reached the 
level of 70 °C. This confirmed the occurrence of 
thermophilic phase and therefore the proper run 
of composting process [Wolna-Maruwka & Dach, 
2009]. After reaching the maximum temperature on 
the 3-4th day of the experiment a gradual decrease 
of temperature was observed (even though the ad-
ditional mixing of the investigated mixture) which 
resulted in maturity phase after 38 days [Figure 3].

The dynamics of changes in the concentration 
of oxygen, carbon dioxide and hydrogen sulfide

One of the most important parameters indica-
tive for the proper run of composting process is 

constant oxygen supply to the pile. This gas is 
necessary for decomposition of organic matter 
as a result of intense development of aerobic mi-
cro-organisms [Wolna-Maruwka, 2012]. In both 
chambers the initial oxygen concentration reached 
20.7%, which was identical with its content in the 
atmospheric air. Along with the duration of the ex-
periment a decrease of oxygen amount in the bio-
reactor chambers was observed, while the percent-
age of CO2 was increasing (Figures 4 and 5). 

The growth of CO2 content in exhaust gas indi-
cated the correct process run and was caused by in-
tense decomposition of biomass and sewage sludge, 
which were the substrates enriched in carbon. Since 
the 25th day, in comparison to the prior days, a de-

Figure 3. Temperature changes of composted mixtures and environment 
(vertical arrows indicate the 2nd mixing of composted materials)

Figure 4. Changes of oxygen content in the exhaust air

Figure 5. Changes of carbon dioxide content in the exhaust air
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crease of CO2 emission was observed with simulta-
neous increase of oxygen share. Achieving the state 
with the oxygen content at the level of 20% and loss 
of carbon dioxide emission after 30th day confirmed 
the stabilization of the composted mixtures and ex-
piration of intense biochemical changes character-
istic for thermophilic phase. 

During the experiment in both chambers of 
the bioreactor the hydrogen sulfide (gas of a spe-
cific unpleasant odor) was determined (Figure 6).

The highest emissions of this gas occurred 
during the first 5 days of the experiment and this 
was caused by rapid decomposition of the com-
pounds containing the protein. The maximum 
concentration of H2S amounted 703 ppm in case 
of the mixture with 55% of sewage sludge and 
481 ppm for mixture containing 45% of sewage 

sludge. Along with the experiment duration the 
amount of emitted hydrogen sulfide decreased to 
immeasurable values which eventaully resulted 
in the neutral odor of the compost.

The dynamics of changes in fresh mass, dry 
matter, pH and compost volume 

One of the characteristics confirming proper 
course of the composting process are the losses 
of fresh and dry matter of the mixture, along with 
the process duration. In both chambers, the ob-
served changes indicated that the process was run 
correctly. The mass of the mixture with 55% of 
sewage sludge decreased by 41% and in case of 
the mixture containing 45% of sewage sludge it 
decreased by 44% (Figure 7).

Figure 6. Changes of hydrogen sulfur content in the exhaust air

Figure 7. Comparison of the initial and final mass of composted mixtures (fresh matter)

Figure 8. Comparison of the initial and final mass of composted mixtures (dry matter)
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Along with the decrease of fresh matter a loss 
of dry matter was observed. In case of compost 
containing 55% of sewage sludge in the initial 
mixture it amounted to 45%. Slightly lower loss 
amounting to 37% occurred in the second com-
posted mixture (Figure 8).

With the decrease in mass, the volume of com-
posted mixtures also diminished. This loss was main-
ly caused by straw decomposition (as a structural 
material) and water evaporation in the thermophilic 
phase of the process. Slightly higher decrease of the 
volume amounting to 52% occurred in the chamber 
containing 55% of sewage sludge (Figure 9).

A very important parameter confirming the 
proper composting course is pH change in the 
mixtures. pH is the key parameter for survival 
and activity of the respective groups of organ-
isms. The alkalinity increase was noted in both 
tested mixtures (Figure 10). 

CONCLUSIONS

Based on the obtained results the following 
conclusions have been formulated: 
1. Maize straw as a material rich in carbon is a 

sufficient amendment to sewage sludge com-
posting and allows a suitable C:N ratio. 

2. Maize straw has fulfilled its role as a bulking 
agent providing an adequate porosity in the 
compost. Free spaces in the mixture enabled 
proper oxygen flow, thereby ensuring occur-
rence of the thermophilic phase. 

3. The dependencies between the amount of CO2 
and O2 in the studied composts prove the proper 
course of anaerobic digestion. The increase in 
CO2 content, identical with the decrease of O2 
concentration in the bioreactor chambers proved 
the distribution intensity of composted material. 
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