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Biogas production by the anaerobic digestion of whey
Produção de biogás por digestão anaeróbia do soro de leite
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A B S T R A C T

Digestion is an attractive alternative in the treatment of waste generated in the agricultural industry, as it treats waste 
and also produces biogas that can be used in power generation, resulting in both environmental and economic benefits. 
This study presents the results of anaerobic digestion of cheese whey using swine wastewater as inoculum. Digestion 
was performed using sequencing batch bioreactors with a total volume of 2.350 mL. In order to evaluate digester 
efficiency, biogas was collected in a gas meter. Methane concentration in the biogas was determined using a biogas 
analysis kit, by AlfaKit®. The project was carried out using two different temperatures, which were 320C and 260C, that 
resulted in the production of 270 and 171 L (kg-sv)-1 of biogas, respectively and a reduction of over 40% in volatile solids 
in both treatments. The tests show that there is a good potential for the use of whey in the production of biogas and its 
further conversion into energy.
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R E S U M O

A biodigestão é uma alternativa atraente no tratamento de alguns resíduos gerados na agroindústria, pois além de 
tratar o resíduo, produz o biogás que pode ser utilizado na geração de energia. Este trabalho apresenta os resultados 
de digestão anaeróbia de soro de queijo utilizando água residual de suinocultura como inoculo. A biodigestão foi 
executada em batelada utilizando biorreatores com volume total de 2.350 mL. Para avaliar a eficiência do biodigestor, 
o biogás produzido foi coletado em gasômetro, a concentração de metano no biogás foi determinada utilizando kit de 
Análise de Biogás, da AlfaKit®. O projeto foi realizado utilizando duas temperaturas diferentes, sendo elas 32 e 260C 
resultou na produção de 270 e 171 L (kg-sv-1) de biogás respectivamente. Os testes realizados mostram que existe um 
bom potencial para o uso de soro de queijo para a produção de biogás e posterior conversão deste em energia.

Palavras chave: biodigestão, energia renovável, produção de metano, redução de sólidos voláteis, resíduo agroindustrial.

INTRODUCTION

Anaerobic digestion is a technique that has been 
widely used in various fields in order to perform the 
treatment of wastes with high organic load. In Brazil, 
due to the implementation of new environmental 
rules, the use of digesters has become very common 
in the treatment of agro-industrial residues. The 
deployment of this technology for wastewater 
treatment can bring various environmental and 
economic benefits, including the production of 

energy in the form of electricity and heat (Amon et 
al., 2007).
In the conversion of organic matter into biogas 
under conditions of absence of oxygen, inorganic 
electron acceptors such as ions NO3

-, SO2, and CO2 
are used. The production of methane occurs in 
environments in which oxygen, nitrate and sulfate 
are not readily available, then CO2 is used as an 
electron acceptor (Cáceres et al., 2012).
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Anaerobic digestion usually occurs in two stages, 
the first of which is formed by facultative and 
anaerobic bacteria that aim to convert complex 
organic compounds into simpler ones, such as 
volatile acids. The second stage is formed by 
strictly anaerobic bacteria, which convert the 
products formed by the first group into methane 
and carbon dioxide (Rojas et al., 2011; Cáceres et al., 
2012).

The process of anaerobic digestion can be divided 
into four main stages, namely: hydrolysis, which 
is the breakdown of complex particulate materials 
into simpler dissolved materials; acidogenesis: 
in this phase the soluble products from the 
hydrolysis stage are metabolized within the cells 
of fermentative bacteria. The acetogenesis bacteria 
are responsible for the oxidation of products 
generated in the acidogenic stage in substrate that 
is suitable for the methanogenic; methanogenesis: 
uses the compounds formed in the previous stage 
in the production of methane and carbon dioxide 
(Rojas et al., 2011; Cáceres et al., 2012).

Currently in Brazil, most of the biogas used in 
energy production use livestock and agricultural 
wastes as raw material. Biogas produced in the 
digesters can be used in various activities such as 
home heating, heating of animals, production of 
electricity, lighting or sale of purified biogas as a 
vehicle fuel (Teghammar et al., 2014).

The use of biogas produced by the anaerobic 
digestion of wastewater in Brazilian agribusiness 
is a practice that has been increasingly used in 
order to generate electricity; this practice brings 
both environmental and economic benefits. In 
Europe, the use of anaerobic digestion of waste 
in biogas production is a practice widely used, 
mainly for the production of thermal energy, and 
the predominant substrates used are manure, 
grass or corn silage and often organic industrial 
waste (Hjort-Gregersen et al., 2011).

The industrialization of milk is growing throughout 
the world due to the increased consumption of 
milk and its derivatives. According to EMBRAPA 
(2010), milk production is a major agribusiness 
and occupies the 4th place among the agricultural 
commodities produced in Brazil. According to the 
USDA (2014), Brazil is the 5th largest milk producer 
in the world with 32.380 million tons, and the third 
in cheese production (722,000 tons). Europe is the 

largest producer of milk in the world with 139.100 
million tons and the largest producer of cheese 
with 9.175 million tons in 2013.

The dairy industry is a major producer of 
various products such as yogurt, milk and 
cheese, accounting for a high potential of organic 
pollution. Whey is the main by-product of the 
production of cheese, which contains high amount 
of organic material; this residue is traditionally 
used as a supplement or animal feed, or discarded 
as industrial waste (Cheng, 2007).

The volume of effluent produced in the cheese 
manufacturing industry has increased greatly in 
recent years because there has been a considerable 
increase in the production and consumption of this 
product. It is estimated that the industry uses 10 kg 
of milk to manufacture 1 kg of cheese, resulting in 
9 kg of cheese whey (Prazeres et al., 2012).

Cheese whey characterization
Cheese whey is a by-product of cheese production. 
According to Ergüder et al. (2001), it is rich in protein 
and lactose with high organic matter content (Table 
1). It shows high biodegradability and relatively 
high alkalinity. Cheese whey accounts for 70% to 
75% of the lactose present in the milk and 10% to 
15% of soluble proteins, what results in chemical 
oxygen demand (COD) between 50 and 70 g L-1 
(Frigon et al., 2009).

The precipitation of casein leads to the formation 
of two types of whey: acid whey (pH = 5), which is 

Table 1 - Whey composition

Sources: Cheng (2007); Gelegenis et al. (2007); Frigon et al. (2009).

Table 1 - Whey composition 

Component Sweet whey Acid whey 
Water 93 – 95 94 – 95 

Dry matter 6.0 – 6.7 5.0 – 6.0 
Lactose 4.2 – 5.0 3.8 – 4.3 

Fat 0.1 – 0.5 0.1 – 0.5 
pH 6.3 – 7.0 4.6 – 5.0 

Sources: Cheng (2007); Gelegenis et al. (2007); Frigon et al. (2009). 

  Table 2 - Whey polluter potential

Sources: Cheng (2007); Gelegenis et al. (2007); Janczukowicz et al. (2008).

Table 2 - Whey polluter potential  

 

Sources: Cheng (2007); Gelegenis et al. (2007); Janczukowicz et al. (2008). 

  

Parameter Value (g L-1) 
Dissolved solids  50 - 80 

Chemical oxygen demand 55 - 100 
Biochemical oxygen demand 30 - 50 
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obtained after fermentation or addition of organic 
or mineral acids; and sweet whey (pH = 6 to 7), 
which is obtained by the addition of proteolytic 
enzymes such as chymosin (Panesar et al., 2007).

The concentration of lactose and fat is considered 
the main responsible for the chemical and 
biochemical oxygen demand of cheese whey. 
With their high concentration of organic matter, 
these effluents can create serious problems in 
the organic load of municipal sewage treatment 
systems (Janczukowicz et al., 2008).

As shown in Table 2, whey may be considered as 
a potentially high pollutant to the environment. 
According to Gelegenis et al. (2007), its biochemical 
oxygen demand is very high, typically between 30 
and 50g L-1 whereas its chemical oxygen demand is 
between 60 and 100 g L-1.

The objective of this study was to evaluate the 
potential of biogas production by means of whey 
digestion at different temperatures, using swine 
wastewater as inoculum.

MATERIALS AND METHODS 

For project design reactors, firstly the reactors 
were made using polyvinyl chloride pipes. The 
second stage was characterized by obtaining the 
feed material and inoculum, which have gone 
through a treatment to correct the pH. Then the 
material was conditioned in the reactors, which 
were maintained at a constant temperature. The 
measurements, collection and analysis of the 
produced biogas were constantly performed in 

order to obtain the volume and quality of the 
biogas.

Experimental design 
The assemblage of the gas meter and reactor was 
carried out according to Figure 1. The anaerobic 
sequencing batch reactors used were made of 
polyvinyl chloride (PVC) tubes with diameter of 
100 mm, length of 300 mm and volume of 2.350 mL. 
The gas meter consisted of a PVC tube measuring 
75 mm diameter by 300 mm length, which was 
inserted in a PVC tube of 100 mm diameter by 300 
mm length filled with water, in order to form a 
water seal, thus avoiding loss of biogas. Biogas was 
removed through a relief valve inserted in the hose 
connecting the digester to the gas meter. 

Material
Cheese whey used in this study was collected in 
30 L containers from a small dairy farm located 
in the city of Cascavel, Paraná, Brazil. Collection 
was performed immediately after whey exiting 
the process, at a temperature of 53°C. The material 
collected presented pH of 6.53 and total solids of 
59.22g L-1. These values are similar to those found 
by Comino et al. (2012) and Kavacik et al. (2010). 
The material was inserted in the digester on the 
same day of collection. 

Swine wastewater used as inoculum was collected 
in a 20 L container from the exit pipe of a digester 
situated at a rural property located in Palotina, 
Paraná.

Waste treatment 
Whey has the capacity of fast acidification, thus, to 
avoid reactor collapse, it is necessary to neutralize it 
and add a buffer solution to it (Comino et al., 2012). 
An aqueous sodium hydroxide (NaOH) solution in 
the concentration 10 mol L-1 was prepared for the 
cheese whey neutralization in this study. Whey 
was corrected to a pH of 7.45. An aqueous sodium 
hydrogen carbonate (NaHCO3) solution at 1 mol L-1 
was used as buffer solution. 

Cheese whey digestion
The cheese whey digestion process was carried out 
at the laboratory of biofuel catalysis and production 
(LABCATPROBIO), at the State University of West 
Paraná, located in western Paraná, Brazil. The 
process had the duration of nine days. 

In the digestion process, 80% of the total volume Figure 1 - Digester and gas meter schematic diagram.

 

Figure 1 - Digester and gas meter schematic diagram. 
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of the reactor was used (1.880 mL), being 20% 
inoculum (376 mL) and 80% cheesy whey (1.504 
mL). The work was performed in triplicate using 
two different temperatures, totaling 12 digesters. 
For purposes of temperature control, the laboratory 
was kept under refrigeration at 22°C. In order to 
maintain temperature, digesters were placed into 
containers filled with water heated at 26°C and 
32°C by two thermostats of 150W each. 

Biogas analysis
The biogas generated was collected and then 
analyzed with a biogas analysis kit, by AlfaKit®, 
which was able to determine carbon dioxide (CO2) 
values due to the Orsat method adaptation, in 
which a basic solution reacts with CO2, making it 
precipitate so it can be measured. Methane gas (CH4) 
values (in percentage) were obtained indirectly by 
verifying the difference in the CO2 content in the 
biogas at precision of ± 5%. The same kit was used 
to determine ammonia (NH3) and sulphydric gas 
(H2S) concentrations. 

RESULTS AND DISCUSSION 

Table 3 presents the results obtained in the whey 
digestion process, under the conditions and 
quantities studied, after the digestion period. 

Results show that the reductions in total solids 
content were 42.84% and 49.51% under temperatures 
of 26°C and 32°C, demonstrating a decrease in 
organic load and indicating an improvement in the 
COD/BOD of the effluent, with less environmental 
impact. Volatile solids reductions were 45.76% and 
53.11%, respectively. Substratum acidification causes 
a reduction in biogas generation, what required pH 
control during the handling of the digester. 

The volume of biogas produced is 30.9% higher 
at 32.0°C than at 26.0°C. Student’s t-test indicates 
that there is no statistically significant difference 
between methane contents and both temperatures 
at a 95% confidence interval.

The proportion solid material/biogas generation at 
32.0°C was 270 L (kg-sv-1). Considering 61.33% of 
CH4 in biogas, 168 to 174 L (kg-sv-1) of methane was 
produced. These results are similar to those found 
by Amon et al. (2007), with a CH4 methane yield of 

166.3 L (kg-sv-1), and by Lehtomaki et al. (2007), with 
a yield that ranged from 149 to 268 L (Kg-sv-1).

At 26°C, biogas yielded 171 L (kg-sv-1) whereas 
methane production varied from 99 to 110 L (kg-
sv-1). These results were similar to the ones observed 
by Comino et al. (2012) with a CH4 yield of 108.75 L 
(kg-sv-1) and by Comino et al. (2010), with a yield of 
119.25 L (kg-sv-1).

According to Maizonnasse et al. (2013), the methane 
content found in biogas is considered adequate to be 
used in combustion and electric engine-generator 
sets. To Santana and Cohim (2010), the electric 
potential of biogas with 60% methane is 41.07 kw-
m-3, what shows that electric energy production 
by means of biogas with these characteristics is 
feasible. 

No contents of ammonia and sulphydric gas were 
detected in the biogas generated at the digester with 
whey, what demonstrates that this biogas is cleaner, 
therefore excluding the necessity of air purifier 
filters. This leads to reduction in handling costs, 
preservation of combustion quality and avoids 
bigger damages to the power generator.

CONCLUSION

The results of this study indicate that biogas 
production by anaerobic digestion of cheese whey 
using swine wastewater as inoculum is possible 
and feasible. In the treatment at 32°C there was a 
reduction of 53.11% in volatile solids and biogas 
yield of 270 L (kg-sv-1) with 63% methane content. In 
the treatment at 26°C, the reduction was 45.76% and 
the yield reached 171 L (kg-sv-1) with 61% methane 
content, what demonstrates the high energetic 
potential of biogas produced by cheese whey 
digestion.

Table 3 - Results of the whey digestion process

aInitial whey pH of 6.53; b initial content of 59.22 g L-1; c initial content of 52.25 
g L-1; d triplicate

Table 3 - Results of the whey digestion process  

Parameter T = 26.0 °C T = 32.0 °C 
pHa 3.65 3.53 

Total solids (g L-1)b 33.85 29.90 
Volatile solids (g L-1)c 28.34 24.50 

Average biogas volume (L)d 4.08 ± 0.5 5.34 ± 2.2 
Average content of CH4 (%)d 61.33 ± 3.3 63.33± 1.2 

aInitial whey pH of 6.53; b initial content of 59.22 g L-1; c initial 
content of 52.25 g L-1; d triplicate 
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