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REZUMAT. În contextul reducerii combustibililor fosili, relativ la necesarul energetic la nivel mondial, 
preocuparea actuală în domeniul energetic este de a obţine energie din surse care în alte condiţii nu ar fi 
utilizate pentru alte aplicaţii. În acest context, lucrarea accentuează potenţialul general al apelor reziduale ce 
pot fi utilizate ca substrat pentru producerea de biogaz utilizând fermentaţia anaerobă. Vor fi trasate concluzii 
cu privire la materialele utilizate, parametrii de proces (pH, temperatură), biogazul produs şi compoziţia 
parţială a biogazului relativ la conţinutul de metan şi dioxid de carbon. 

Cuvinte cheie: ape reziduale, producere de biogas, fermentaţie anaerobă. 

ABSTRACT. In the context of the continuous depletion of fossil fuels, related with the increasing energy 
demand worldwide, the actual preoccupation in the energetic field is to obtain energy from sources which 
otherwise would not be used for other applications. In this context, the paper underlines the general potential 
of residual waters which can be used as substrate, for biogas production using anaerobic fermentation. 
Conclusions will be traced relative to used materials, process parameters (pH, temperature), produced biogas 
and partial biogas composition in terms of methane and carbon dioxide concentrations. 
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1. INTRODUCTION 

Biogas production is one of the existing means of 
obtaining a fuel from residual materials and which 
can replace partially or totally the existing natural 
gas which presently is used in the majority of the 
countries as fuel. 

To enhance biogas production, pretreatments 
(chemical, thermal, ultrasound, enzymatic) can be 
applied and/or the manure can be co-digested with 
other wastes to achieve synergetic effects that make 
the anaerobic digestion process profitable [1]. 

Co-digestion with other wastes, whether industrial 
(glycerin), agricultural (fruit and vegetable wastes) 
or domestic (municipal solid waste) is a suitable 
option for improving biogas production [2, 3, 4]. 

Related to the used materials in the present paper, 
the main substrates are residual water from municipal 
treatment plant and residual water from a brewery 
plant, both located in Timişoara City, Romania. 

From literature are known the possibilities of 
further treating the residual waters obtained during 
processes in brewery industry: (a) primary water 
used in the production of beer, and (b) secondary 
water that does not come in contact with beer; e.g. 

utilities cooling, water used in the packaging process 
and general cleaning water [5]. 

Biological treatment of wastewater can be either 
aerobic (with air/oxygen supply) or anaerobic (without 
oxygen) [6] 

The same type of treatment can be partially applied 
also for residual waters from municipal treatment 
plant. Of course, the obtained results are influenced 
by the general composition of the existing suspension 
and the used raw materials. 

Anaerobic wastewater treatment is the biological 
treatment of wastewater without the use of air or 
elemental oxygen. Anaerobic treatment is character-
rized by biological conversion of organic compounds 
by anaerobic microorganisms into biogas, which can 
be used as a fuel; mainly methane 55–75 vol% and 
carbon dioxide 25–40 vol% with traces of hydrogen 
sulphide [7].  

In the context of using those types of materials 
for biogas production, the present paper will present 
some obtained results obtained at small scale for the 
two types of substrates presented above and for 
combinations of those materials with percentages of 
cow whey and beet molasses in terms of process 
parameters, produced biogas and partial composition 
of the obtained biogas (CH4 and CO2). 
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2. EXPERIMENTAL PART  
AND DISCUSSIONS  

The determinations were made using a thermo-
static bath for batch testing at total volumes of 1L. 
The general overview of the montage is presented 
below. 

 

 
 

Fig. 1. Overall view of the  thermostatic bath. 
 

The components are described as follows: 
1 – thermostatic bath with 6 places for heating up 

the used materials for the anaerobic fermentation 
process (the temperature is controlled with the help 
of the thermocouple and can be checked with the 
help of a thermometer inserted into the bath); 

2 – plastic bottles with a total volume of 1 L, 
filled up to about 0.8 L with the materials used for 
determinations; 

3 – the corks of the plastic bottles were modified 
in order to allow both sampling for pH checking, 
homogenization by means of plastic syringes, and 
gas transfer from the bottles into the gas bags. Also, 
because of the light sensibility of the anaerobic 
bacteria, the bottles were covered with aluminium 
foil; 

4 – hose orifice for syringe insertion, used for 
sampling and homogenization; 

5 – connection (small diameter hose) between the 
plastic bottle and the gas bag for biogas storage; 

6 – gas bag for biogas storage. 
For the materials the determinations were made 

according to standards [8- 13] 
In the tables below are presented the material 

characteristics. 
Continuing with potential recipes which are to be 

further used in anaerobe fermentation processes, the 
base materials were co-fermented with percentages 
of other residual materials from industry, namely 
cow whey and beet molasses. 

The percentage of cow whey and beet molasses 
was 10% of the total suspension volume inside the 
fermentation tanks. 

Table 1. General characteristics of the used  
materials (part 1) 

 

Material Moisture 
content 

[%] 

Ash 
content 

[%] 

Mean calorific 
value 

[MJ/kg] 
Residual water 
from treatment 
plant 

5.85 36.2 15.2 

Residual water 
from beer factory 

5.1 26.7 17.4 

 
Table 2. General characteristics of the used materials  

(part 2) 
 

Material Carbon 
content 

[%] 

Sulphur 
content 

[%] 

Volatile 
matter 

[%] 
Residual water from 
treatment plant 

32 5.1 37.9 

Residual water from 
beer factory 

36.4 4.4 42.3 

 
First, it was started the small scale installation 

with the potential to monitor two parallel materials. 
The fermentation process was held between 40 

and 50 days in order to observe the pH and gas 
quantities and composition in terms of CH4 and CO2 
percentages maintaining a constant temperature 
between 36 and 37 °C. 

In order to correct the pH values during the process, 
it was used a solution of NH3, 10% concentration. 

The used materials were again: waste water from 
treatment plant(M1), waste water from brew factory 
(M2), 90% waste water from treatment plant and 
10% beet molasses (MM1), 90% waste water from 
brew factory and 10% beet molasses (MM2), 90% 
waste water from treatment plant and 10% cow 
whey (ZM1) and 90% waste water from brew 
factory and 10% cow whey (ZM2). 

The temperature regime was held at 36 – 37 °C 
and the process parameters which were controled 
consisted in pH, biogas partial composition and 
obtained quantities. 

The pH time variation for the material batches is 
presented below. 

 

 
 

Fig. 2. pH time variation. 
 

From Figure 2 it can be observed that this time 
around the batches were more stable in terms of pH 
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variation and after 15 days the values were all in the 
range of 6.5 – 7.5 which is the optimum domain for 
biogas production. 

The produced quantities were low, as expected 
due to the low volumes used for the process but in 
this case all the materials produced biogas as follows: 

● M1 – 1 L; 
● M2 – 1 L; 
● MM1 – 3.5 L; 
● MM2 – 2.5 L; 
● ZM1 – 4 L; 
● ZM2 – 4 L. 
The partial composition for the produced biogas 

is as follows: 
 

Table 3. Partial composition  
for the produced biogas 

 

Material CH4 

[ %] 
CO2 
[ %] 

M1 50 30 
M2 40 25 

MM1 61 23 
MM2 55 35 
ZM1 63 23 
ZM2 65 25 

 
The obtained values are aproximative due to the 

low gas quantities obtained during the process. 
During and after finalizing the batches of mate-

rial there were made different laboratory analyses in 
order to observe the general influence of the process 
on the material. 

The analyses were made after the materials were 
centrifuged and partially dried in orther to make 
possible the laboratory determinations. 

The values are presented below. 
 

Table 4. General characteristics of the used  
materials (part 1) 

 

Material Moisture 
content 

[%] 

Ash 
content 

[%] 

Mean calorific 
value 

[MJ/kg] 
M1 99.6 40.8 14 
M2 99.4 36.5 16 
MM1 97 37 14.7 
MM2 96 33 16.4 
ZM1 99.4 29.6 14.5 
ZM2 99.3 35.8 16.3 

 
Table 5. General characteristics of the used  

materials (part 2) 
 

Material Carbon 
content 

[%] 

Sulphur 
content 

[%] 

Volatile 
matter 

[%] 
M1 18.9 1.52 85.1 
M2 18.9 0.84 63.4 

MM1 16.7 0.75 62.9 
MM2 19.49 0.71 66.9 
ZM1 20.1 0.72 70.3 
ZM2 21.35 0.78 64.1 

By comparison with the initial values presented 
for the main materials (residual waters) it can be 
observed that after the process of anaerobic 
fermentation there appeared modifications in terms 
of calorific value, which indicate the partial capita-
lization of the used materials inside the anaerobic 
fermentation process in terms of energetic consump-
tion. Also the carbon content of the used materials 
decreased after the process, which is a good 
indicator for partial consumption of materials inside 
anaerobic fermentation – a normal evolution relative 
to the used technology. 

3. CONCLUSIONS 

In the presented paper there were studied two 
different types of residual waters resulted from 
industrial processes and municipal activities and co-
fermentation of those materials with percentages of 
cow whey and beet molasses in terms of determining 
their potential for biogas production at small scale. 

For the studied materials there were made labora-
tory determinations of general properties in order to 
determine at least partially, the influence of anaerobic 
fermentation in terms of solid, liquid and gas 
components. 

The determinations showed potential for all mate-
rials, with accent on combinations between residual 
waters and cow whey, much more easily, both in 
terms of results and way of control.  

In order to further test the materials potential, the 
next logical step is to use larger fermentation tanks for 
determining the possibilities for obtaining biogas – if 
this process proves to be a positive one, the results 
can be used for applying this technology at large 
scale and even to make preliminary tests for industrial 
scale. 
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