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Abstract 

The project proposal of sewage used as fuel to produce electric energy, which development is 
a commitment of CENBIO (Brazilian Reference Center on Biomass), is, in fact, one between 
other projects developed by the Sao Paulo University Program named PUREFA (Program of 
Rational Energy Use and Alternative Sources), which aims to increase the renewable energy 
participation in the university’s energetic matrix, as well as it allows new perspectives to 
renewable energy employment in Brazil. In this context, this paper presents a pilot project for 
biogas conversion in Brazil, developed by CENBIO, from Sao Paulo University. The project 
aims to increase the biogas conversion efficiency, by using it as fuel to produce electricity. 
The biogas is generated at Sao Paulo University campus, in a UASB (Up-flow Anaerobic 
Sludge Blanket) biodigestor, fed in this project, with liquid effluents provided by residential 
buildings, located in the University, presenting a mass flow rate equivalent to 3 m3 per hour. 
This project is currently under development and the results obtained will provide information 
about biodigestor´s operational conditions, defining appropriate areas where this project could 
be applicable. The most important environmental contribution associated to this project is the 
mitigation of greenhouse gases (GHG) emissions, especially verified through methane 
conversion into carbon dioxide, which presents a dangerous level around twenty five times 
lower than methane. 
 
 
1. Introduction 
 
The most important biogas components are methane (CH4), carbon dioxide (CO2) and sulfuric 
components (H2S), resulted from organic material anaerobic fermentation. The biogas 
production involves three steps: fermentation, which includes hydrolysis and acid genesis, 
acetone genesis e methane genesis.  
In fermentation process, during the hydrolysis, the organic material is converted into smaller 
molecules and this material is transformed into soluble acids by acidogenesis process. After 
that it is initiated the acetanogenesis process, transforming the products obtained in the first 
step in acetic acid, hydrogen and carbon dioxide. The last step refers to metanogenesis 
process, through anaerobic bacteria action, producing methane gas. 
The biogas chemical composition depends on several parameters, such as the biodigestor 
employed and the kind of organic material, which is relevant because it allows identifying the 
appropriate purification system, which aims to remove sulfuric gases and decreasing the water 
volume, contributing to improve the combustion fuel conditions.  
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2. Methodology 
 
2.1 Biogas Analysis and Purification 
 
The biogas purification system, which aims to remove sulfídric components and humidity 
from biogas, occurs in three steps. In the first step, most of the biogas humidity is removed by 
a recipient where the water is condensed. After that, in the second step, biogas is directed to 
purification system, composed by two molecular screens, removing the remainder humidity 
and the sulfídrico components (H2S). In the third step, the biogas passes through an amount of 
iron chip, removing the H2S residual. 
To prove the purification system efficiency and to determine the biogas chemical 
composition, two analysis were required, one before the purification process and another one 
after it. These results are presented on tables 1 and 2. 
 
                     Table 1 - Biogas Composition Before the Purification Process 

    Chemical Components %Vol or ppm 
O2 (Oxygen) 1,23% 

N2 (Nitrogen) 15,5% 

CO2 (Dioxide Carbon) 4,75% 

CH4 (Methane) 75,8% 

H2S (Sulfate  Hydrogen) 649 ppm 

H2O (water) 2,62% 
 
 
                       Table 2 - Biogas Composition After the Purification Process 
 

    Chemical Components %Vol or ppm 
O2 (Oxygen) 0,89% 

N2 (Nitrogen) 13,2% 

CO2 (Dioxide Carbon) 4,07% 

CH4 (Methane) 80,8% 

H2S (Sulfate  Hydrogen) < 1,0 ppm 

H2O (water) 0,98% 
 
2.2 Mass Flow Measurer 
 
A biogas mass flow measurer was installed (Figure 1), allowing the electric energy potential 
determination, achieving values between 4 to 7 m3/day. 
 
 

 
 

 
    Figure 1 – Biogas Mass Flow Measurer    Figure 2 - Gasholder 
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              Source: CENBIO, 2004     Source: CENBIO, 2004 

 
2.3 Biogas Store 
 
Due to the low biogas mass flow values, it must be stored before its use as fuel to produce 
electric energy. Thus, this project includes a gasholder (Figure 2), able to store 10 m3 of 
biogas, made by PVC. Its dimensions are: external diameter 2 m, length 3,2 m and thickness 
of 2 mm. 
 
2.4 Electric Generation Engine 
 
The appropriate purification system contributes to improve the combustion fuel conditions. 
Other data obtained from biogas analysis refers to the low heat value that combined to the 
efficiency and biogas consumption is important to estimate the electric generation potential, 
as showed in equation 1 
 
[EQUATION 1] 
   W – Estimated Power; 

Mb – Biogas mass flow consumption; 
LHV – Low heat value; 
η - Efficiency 

 
To procedure the calculation above is necessary to admit the efficiency, which depends on the 
technology used in the biogas conversion, basically including three different technologies: gas 
turbines, micro turbines and Otto Cycle engines. In this project, due to the low mass flow of 
biogas produced, Otto Cycle engine has been pointed as the appropriate technology, 
presenting 5 kW of installed power and a biogas consumption by 2 m3/ hour. 
 
2.5 Liquid Effluents 
 
Other data obtained from biogas analysis refers to the low heat value, that combined to the 
efficiency and biogas consumption is important to estimate the electric generation potential.  
The low heat value depends on the residence time of the sewer in the biodigestor, 
caracteristics of the effluent sewer, so two analysis of the sewer effluent were made, one 
before  (table 3) and the other after  (table 4) the biodigestor. 
 
 

η  =       W 
        Mb*LHV 
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Table 3 – Analysis result of effluent before its treatment in the biodigestor. 

Parameters Express as Results 
Total Alkalinity (mg/L) CaCO3  156 

OBD (mg/L) O2 329 
OCD (mg/L) O2 1,02 X 103 

Carbonic Gas (mg/L) CO2 > 100 
pH a 25 ºC (-) - 6,15 

Total Solids (mg/L) - 1,13 X 103 
Total Fixtures Solids (mg/L) - 460 
Total Volatile Solids (mg/L) - 668 

Total Dissolved Solids (mg/L) - 661 
Dissolved Fixtures Solids (mg/L) - 400 
Dissolved Volatile Solids (mg/L) - 261 

Sulphide (mg/L) S 3,0 
Source: Ambiental Laboratório e Equipamentos Ltda. 

 
Table 4 – Analysis result of effluent after its treatment in the biodigestor. 

Parameters Express as Results 
Total Alkalinity (mg/L) CaCO3  264 

DBO (mg/L) O2 59 
DQO (mg/L) O2 148 

 Carbonic Gas (mg/L) CO2 65 
pH a 25 ºC (-) - 6,84 

Total Solids (mg/L) - 454 
 Total Fixtures Solids (mg/L) - 336 

Total Volatile Solids (mg/L) - 118 
Total Dissolved Solids (mg/L) - 254 

Dissolved Fixtures Solids (mg/L) - 239 
Dissolved Volatile Solids (mg/L) - 15 

Sulphide (mg/L) S 7,0 
Source: Ambiental Laboratório e Equipamentos Ltda 

 
Table 5 Equipments employed description   

Equipamento Número Quantidade 
Tubing 1 1 

Sewer Measurer  of Outflow    2 1 
Biodigestor 3 1 

Water Accumulator  4 1 
Valve Sphere 5 6 

Adsorbent Material and Molecular 
Ciever 6 1 

Iron Chips 7 1 
 Biogas Measurer  of Outflow  8 1 

Pillow Tank 9 1 
Engine/Generator 10 1 

 
Figure 4 Previous Project Scheme  
 
 



RIO 5 - World Climate & Energy Event, 15-17 February 2005, Rio de Janeiro, Brazil 
 
 

343 

2.6 Project Installations 
 
After the biogas has passed through the tubing, the water accumulator, adsorbent material, the 
molecular screen and the iron chips, it is ready to be stored in a gasholder (flexible tank made 
with PVC) and be employed in Otto engine as fuel to produce electricity. A complete 
previous project scheme is presented in figure 4, jointly with the equipments description on 
table 5:                                                                                                                      

 
 
 
3. Conclusions 
 
As mentioned above, the biogas employed in the present project is obtained form buildings 
located at São Paulo University’s campus and due to this fact, it is possible to verify a huge   
seasonality of biogas production, which achieves its lowest rates during weekends and classes 
vacations. This aspect creates some difficulties to control and to monitor the biogas 
production, as well as to determinate a definitive value of its mass flow.  
However, the development of the present project is important, once it allows to estimate 
operational costs of electric energy production unity, comparing it to operational costs of 
small water treatment unity and verifying if the biogas used as proposed contributes to 
implement new small water treatment. 
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