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Rezumat. O cale de valorificare energetic  a de eurilor animaliere din industria piel riei reprezint  generarea de 
biogaz i combustia acestuia în instala ii energetice. În acest scop, pentru de eurile animaliere s-a luat în 
considerare i fermenta ia anaerob . Pentru cercet ri s-a realizat o instala ie pilot termofil . 
Pentru caracterizarea eficien ei tehnologiei de fermenta ie anaerob , caracteristicilor instala iei pilot i s-au aplicat 
un model de analiz  energetic . 
A rezultat c  din punct de vedere al eficien ei producerii biogazului se poate adopta acest tip de instala ie ce poate 
fi aplicat  în continuare pentru producerea de energie. 
Cuvinte cheie: grasimi animale, fermentare anaerob . 
 
Abstract. One way of recovering energy from animal waste from the leather industry is production of biogas and 
its combustion in power plants. For this purpose, the anaerobic fermentation of the animal waste has been 
considered. Research was conducted a pilot plant thermophilic. An energy model was applied in the pilot plant, to 
characterize the efficiency of anaerobic digestion technology. It appears that in terms of the efficiency of biogas 
production, this type of installation can be applied in energy production  
Keywords: animal fats, anaerobic digestion. 

1. INTRODUCTION 

Leather tannnary industry produces large 
quantities of organic waste and sludge therefore 
removing this waste is not only an ecological or 
energetical problem. 

An energetic-ecological analysis of 
transformation by fermentation of organic waste 
from tannery industry into biogas will include 
anaerobic digestion process by ecologic 
technologies with the possibility of its burning for 
energy production. This analysis will characterize 
the energy efficiency of the final product (biogas) 
comparing with technological process of anaerobic 
digestion, taking into account all the auxiliary 
processes. From all technologies, the one with the 
highest energy efficiency and environmentally 
friendly, will be validated. 

Technological, is not necessary a special pre-
treatment apart from measures that allow material 
streamline for pumping and mixing. Fleshing 
products must be hydrolyzed and the organic 
material must be chopped to (2 – 5) mm (in order 
to improve the digestibility of the material). 
According to EU rules No. 1774/2002 concerning 
the animal by-products the wastes will be digested 
after pasteurization at 700C for 60 minutes. 

An efficient way to operate the process of 
anaerobic digestion is to use a reactor with a 
continuous process, with continues extraction of 
digested effluent, followed by addition of the same 
amount of fresh substrates (this operation actually 
occurs several times per day). The organic loading 
rate is not a determinant criterion of the digestion 
reactor volume because the reactor volume 
decreases with the retention time decrease, and 
consequently the overall efficiency of the methane 
production. 

Final volume required is usually determined by 
performing a detailed analysis of costs. Ideally, a 
digester must be fed at regular intervals. If a 
tannery does not work seven days a week, a 
storage tank is needed, in order to provide a 
sufficient buffer in terms of providing substrates to 
cover working days. This increases obviously, 
investment costs. 

The technology adopted, is tailored to the 
complex conditions from the tannery industry so 
that an optimal solution has been found. Within the 
research, a system based on a technology with a 
multiphasic process of anaerobic digestion for 
byproducts from tanneries, characterized by a C/N 
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ratio below 5 in order to turn them into biogas, has 
been designed. The process requires a step of 
acclimatization of anaerobic microorganisms, due 
to the high concentrations of ammonia 
(NH4+/NH3), over 9000 mg/l, at a low ratio of C/N. 

As a result, the anaerobic digester comprises a 
sequence of metabolic steps involving multiple 
microbial populations, forming a complex network 
of metabolic interaction, resulting in the 
conversion of organic matter to methane, carbon 
dioxide and other compounds. 

The performance of the technology chosen 
pursue lower cost and lower level of pollutants, 
therefore two-phase of anaerobic digestion has 
been adopted, as acidogenic and methanogenic 
microorganisms present different growth rates and 
optimum pH (range 4.0 to 6.0 and, respectively, 
6.5 to 8.0). The two-phase systems for anaerobic 
degradation of organic matter have shown several 
advantages over conventional one-step processes, 
primarily the stabilization of the overall process. 
Separation of phases allows optimizing the 
retention time and load rate of organic material. It 
is thus possible to maintain a shorter residence 
time in hydrolytic-acidogenic reactor, maintaining 
a longer retention time in the methanogenic reactor. 

Ammonia adsorbed on the bacterial cells can 
induce changes of intracellular pH. A large amount 
of ammonia can cause severe inhibition or even 
failures in anaerobic digestion. 

The paper analyzes the digestion as multiphasic 
process at pilot scale for conversion into biogas of 
tannery by-products rich in nitrogen. The 
experimental installation accomplished consists of 
two main anaerobic reactors, DIG1 and DIG2 
equipped with industrial tools for monitoring and 
operation. 

2. EXPERIMENTAL SYSTEM DESIGN 

 
The anaerobic reactor (digester) is a volume 

completely sealed with a continuous feed flow, 
presented in figure 1. The reactors contain inside 
55 different species of anaerobic bacteria. Each 
type of bacteria will digest a different type of 
organic matter. 

This bacterial environment adapts automatically 
to the composition of the material that feed the 
reactor. 

Knowing that wastewater has an organic load 
lmgCBOCBO i /695005  and an efficiency of 

treatment of about 93% ( %93 ), the final 
amount of the charge will be: 

lmgCBOCBOCBO iif /4865           

Generally, in order to determine the amount of 
biogas, chemical oxygen demand (COD) is 
multiplied by a factor 1.6, as following: 
 

 
1-stirrer; 2-gas valve ; 3-top ; 4-drain valve ; 5- digester body 

Fig.1 . Anaerobic digester 
 

lmgCBOCCO ii /1112006.1  resulting the 
final chemical oxygen consumption: 
 

lmgCCOCCOCCO iif /784        

 
Wastewater flow entered in the 

experimental bioreactor is: hlQ ww /42.0   
 It can thus be determined the volume of biogas 

produced (in ideal conditions): 
 

hlCCOCCOQQ fi
a

ww
a

biogaz /2.44.0var
.

var   
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The average biogas composition is shown 
below (Table I). 

Table I 
The composition of the biogas 

Component Amount  [%] 
Methane CH4 70 
Carbon dioxide CO2 25 
Hydrogen    H2 2.2 
Nitrogen    N2 2 
Hydrogen sulfide H2S 0.5 
Particulate matter 0.2 
 

The result is a methane flow of:  
 

hmQQ a
biogaz

a
CH /9.270.0 3varvar

4
 

 
In order to determine the thickness of the walls 

and thermal isolation, the thermophilic working 
regime has been taken into account. The inlet 
temperature was chosen to 550C, temperature that 
is required to be maintained all time work. 

For an optimum process, bacteria may not be 
deposited on the bottom of the bioreactor, therefore 
it was required the installation of a special mixer 
with the following characteristics: rotor diameter = 
100 mm; speed = 30 rot/min. 

The acidity characterized by pH indicator, is 
maintained at 4.7 in the acetogenic reactor and 7.2 
in the methanogenic reactor by dosage of 
hydrochloric acid and sodium hydroxide solution. 

3. TECHNOLOGY VALIDATION FOR 
PRODUCING BIOGAS FOR ENERGY 
AND ENVIRONMENTAL ANALYSIS 

 
Energy analysis has the main objective the 

determination of performance indicators for biogas 
production. 

For energy analysis were selected the following 
indicators characterizing the performance: 
- the existence or absence of hydrolysis; 
- thermal regime; 
- multiphase anaerobic process;  
- limits of organic matters; 
- conversion rate of the solid material into 

biogas, min 93%; 
- conversion rate of the solid material into 

methane, min 91%; 
- the final content of dry material, min 5.8% 

(kg/kg);  
- Specific biogas production, min 0.29 m3N/kg; 
- Biogas composition: CH4, CO2, O2, H2S, CO, 

N2+H2 =, % by volume; 

- Limit values for biogas composition (by 
volume): CH4 =75%; CO2 =40%; O2 =0 %; 
H2S =1.1%; CO =400 ppm; N2+H2 =2%; NH4 
=12 g/l. 

Specific biogas production was (0.29–0.3) 
m3N/kg. Conversion rate of the solid material into 
biogas was (93-95) %. 

Analyzing the composition of flue gas produced 
by biogas combustion results a composition similar 
to that for refinery gas. Thus, the average 
composition indicated the following value range: 
CH4 = (40-70)%, CO2 = (30-50)%, H2 = (2-4)%, 
N2 =(2-5)%, H2S = (0.1-2)%. 

Low content of sulfur dioxide (SO2 <0.178%) 
is leading to a very low level for low temperature 
corrosion (SO2 combination with condensed water 
with the formation of H2SO4). 

It is observed a significant dust content in flue 
gases. Therefore, a dust retain system must be 
installed before using biogas for energy purpose, in 
order to protect the combustion plants, including 
the case of an internal combustion engine. 

By burning, the problems related to the 
ammonia presence in biogas as a pollutant is 
eliminated, because this it is oxidized by air in the 
combustion process. 

Based on the presented data, the use of biogas 
combustion for energy purposes it can be validated 
in energy and environmental terms. 
 
4. CONCLUSIONS 

 
The technology developed through the pilot 

plant for biogas production by anaerobic 
fermentation, can be validated based on energy and 
environmental analyses. 

Pilot plant, corresponds in terms of energy, 
integrating technology indicators characterizing the 
efficiency of such installations working on 
anaerobic fermentation. The specific production of 
biogas as main energy indicator is also satisfied, 
indicator expressed in the amount of biogas 
produced from a unit mass subjected to anaerobic 
treatment. Biogas composition meet the needs of 
efficient energy use, having a methane 
concentration over 65% and an average calorific 
value of 21000 kJ/m3N. 

Analysis of flue gas composition after biogas 
combustion led to the technology validation in 
environmental terms. The flue gas contains CO2, 
H2O, SO2, N2, O2 (from combustion with excess air) 
and dust. The composition of the flue gas is very 
close to that obtained by refinery gas oxidation. 
High dust content imposes a filtering system 
before using biogas in energy purpose. 
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