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Abstract  

Poland is one of the leading producers of poultry in Europe. The annual quantities of the poultry manure in the national scale 
are close to 4 million tons. The traditional economy of poultry manure causes strong odor nuisance and may be dangerous to 
the environment due to the leaching of the large amounts of nitrogen, minerals and transfer of many pathogens. Additionally, 
poultry manure stored in the piles emits large amounts of methane and ammonia. The methane fermentation can be an 
effective technology of elimination of the before mentioned nuisance. However it turns out, that despite the development of 
agricultural biogas plants in Europe, there is no efficient technology that enables manure fermentation. The aim of this study 
was to determine the possibilities of methane fermentation of the poultry manure in the mixture of the most popular input for 
biogas plants that is maize silage. The obtained results show that fermentation of the poultry manure without any additives 
gives low production of biogas at the level of 340 m3/t of dry matter, which is the result almost twice lower than the efficiency 
of maize silage. However, the silage addition to the poultry manure fermentation allows for a significant increase of biogas 
productivity and growth of the process efficiency. 
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Streszczenie 

Fermentacja metanowa pomiotu kurzego jako alternatywa i przyjazna środowisku technologia jego zagospodarowania 

Polska jest jednym z czołowych producentów drobiu w Europie. Roczne ilości odchodów drobiowych w skali kraju to blisko 4 
mln ton. Tradycyjna gospodarka pomiotem drobiowym powoduje silną uciążliwość odorową oraz może być groźna dla 
środowiska z uwagi na wymywanie dużych ilości azotu, związków mineralnych i przeniesienie licznych patogenów. 
Dodatkowo składowane w pryzmach odchody drobiowe emitują duże ilości metanu oraz amoniaku. Fermentacja metanowa 
może być skuteczną technologią eliminacji wspomnianych wcześniej uciążliwości. Okazuje się jednak, że mimo rozwoju 
biogazowni rolniczych w Europie, nie istnieje wydajna technologia pozwalająca na fermentację pomiotu. Celem pracy było 
określenie możliwości fermentacji metanowej pomiotu w mieszance z najpopularniejszym wsadem do biogazowni czyli 
kiszonką z kukurydzy. Uzyskane wyniki dowodzą, że fermentacja pomiotu bez domieszek daje niską produkcję biogazu na 
poziomie 340 m3/t s.m, co jest ponad 2-krotnie mniejszym wynikiem niż wydajność kiszonki z kukurydzy. Jednak dodatek 
kiszonki do fermentacji pomiotu pozwala na znaczący wzrost wydajności biogazowej i zwiększenie efektywności procesu. 

Słowa kluczowe: obornik kurzy, kiszonka z kukurydzy, biogaz, fermentacja 

1. Introduction 

Biogas is a renewable and sustainable energy carrier generated via anaerobic digestion (AD) of biomass. There 

are at least five main biomass resources from which biogas can be derived, i.e. sewage, landfill, livestock 

manure, organic wastes and energy crops. Depending on its origin biogas comprises methane (40–75%), carbon 

dioxide (20–45%) and some other compounds, usually in trace quantities [1]. 

In the other hand, poultry manure is one of the more problematic wastes in Poland, because of its amount as well 

as its emissions. But the fermentation of poultry manure does not produce a significantly amount of good quality 
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biogas. However, this study will try to probe that the addition of maize silage to the poultry can increase the 

fermentation process efficiency.  

Biogas production is a well-established process for treating many types of substrates such as organic green waste 

and agriculture waste. As such, the digestion of maize silage and of the organic fraction of other agriculture 

wastes has been evaluated and has been successful. Attempts to apply the process to other types of solid organic 

waste, such as chicken manure, have met with limited success. 

The methane fermentation of poultry manure has also been assessed and a many of biogas plants have been built 

to process chicken manure, however, none of them have operated as well as might have been designed. The 

problems have appeared during biogas production with average methane content of 40% [2]. In this paper also 

noted that as ammonia content in the bioreactor increased, the fermentation process became unstable, and 

methane production began to decrees [3]. The bioreactor on this site was operating with an average N-NH4 

concentration of 3200 mgL
-1

 [4]. 

Van Velsen (1979) reported that methanogenesis is inhibited above 2000 mgL
-1

 N-NH4 concentration in 

substrate [6]. However, the anaerobic bioreactor can be successfully worked at much higher concentration of N-

NH4 on condition that the levels are allowed to build up over a period of time, allowing the methanogens to 

acclimatize. The pH will also affect the impact of high N-NH4 level as it will dictate how much exists in the un-

ionized form; increasing pH causes an increase in un-ionized ammonia [4], [7]. 

In order to balance C:N in poultry manure, maize silage were used in different proportions, mostly with more 

maize silage.   

2. Materials and methods 

The substrates used for this research were: poultry manure from chicken farm and maize silage from agricultural 

crops. As well as inoculum, which is a mix of digested pulp after fermentation, used for estabilization of the 

reactor pH and conductivity. It also gives to the reactor the microorganisms needed to start the fermentation. To 

achieve reliable results were given different proportions of the substrates; they are shown in the table 2.1 with its 

corresponding mass 

Table 2.1. Proportion of substrate inside the reactors. 

 
Mass of substrate [g] 

Inoculum [g] 
Name and proportion Maize silage Chicken manure 

Control   
1000 

  
1000 

100% Chicken manure 
 293.3 1000.8 

 293.2 1001.05 

1:10 Maize silage/Chicken manure 
22.9 219.35 1000.3 

22.5 219.65 1000.15 

1:3 Maize silage/Chicken manure 
45.7 146.5 1000.35 

45.8 146.4 1000.45 

1:1 Maize silage/Chicken manure 
68.85 73.3 1000.05 

68.55 73.55 1000.45 

100% Maize silage 
100  1000.35 

100  1000.45 
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The physical parameters of the different substrates are shown in table 2.2. 

  Table 2.2. Physical parameters of the substrates, where, d.m: dry matter; o.d.m: organic dry matter. 

                        Parameter 

 Substrate 

d.m. 

[%] 

o.d.m. 

[% d.m.] 
pH Conductivity [mS] 

Poultry manure 35.05 43 6.9 2.5 

Maize silage 32.77 96.22 3.47 0.75 

 

The research of the efficiency of biogas substrates was carried out in the Laboratory of Environmental 

Technologies at the University of Life Sciences in Poznan. It was based on internal procedures according to DIN 

38 414. The investigation was carried out in a 21-chamber bio-fermenter version, created by the laboratory crew 

(Fig 2.1). The analysis of gas emission (CH4; CO2; NH4; O2; H2S) was conducted in the gas analyzer which 

consists of a suction pump and several electro-chemical sensors that allow to determine gas concentration in the 

fermenter.  During the investigation the following parameters of the substrates and fermenting pulp were 

analyzed: dry matter/humidity (drying method PN-75 C-04616/01), pH (potentiometer method PN-90/A-

75101.06), conductivity (PN-EN 27888:1999), organic matter and ash (burning method according to the 

modified PN-Z-15011-3). 

 
 

Fig 2.1. Bio-fermenter Scheme (5-chamber version). Laboratory version is a 21-chamber one. 

1.Water heater with temperature controller  2.Isolated hot liquid tube  3.Layer of water at temperature of 36-41º 

4.Biofermenter with the input of 2dm3 capacity  5.Biogas container  6.Safety valves  7.Biogas flow meter  8.Gas 

analyzer (CH4, CO2, NH3, H2S, O2)  9.PH sensor  10.Temperature sensors  11.Controlling and registering 

central  

3. Results 

After two months of fermentation the obtained results were like expected. The higher amount of maize 

silage was added, the more efficiency of methane production due to the mono-substrate consisting in 100% of 

poultry manure. In Fig.3.1 is shown the accumulated methane and biogas concentration in two months due to 

fresh matter and in Fig.3.2 the due to dry matter ones. 
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Fig. 3.1. Accumulated methane and biogas production in fresh matter. 

 

Fig. 3.2. Accumulated methane and biogas production in dry matter. 

Except from the changing levels of efficiency of biogas production depending on the used co-substrates and their 

proportions, the process of the methanogenesis is typical as shown in Fig. 3.3 and Fig. 3.4. 
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Fig. 3.3. Methane production in time in overall fresh matter due to tested groups.  

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 3.4. Methane production in time in overall dry matter due to tested groups. 
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4. Conclusions 

 Using the additives of maize silage mixed with poultry manure, one can see that, depending on the 

proportions, there is a constant increase in efficiency of biogas production in every group of bio-fermenters.  

 The average increase in every group depending on the gas form (methane or biogas) is 18-20%. 

 The lowest increase of efficiency was observed in the ratio of 1:1.  

 Maize silage without any additives achieved the highest efficiency of biogas production in dry matter 

experimentation; the combination with poultry manure had much lower efficiency.  

 Poultry manure lowers considerably efficiency of maize silage when put together, which can be caused by 

high content of N-NH4 in the substrate [5], or by the presence of antibiotics. 

 However, while poultry manure decreases the biogas production yield of maize silage, fermenting just 

poultry manure is going to have an acceptable efficiency compared to the control test. 
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