
Treatment of Effluents from a Milk Factory and 
Production of Biogas  

 
1. Aim  
 
The aim of the project was to demonstrate at commercial scale an up-flow anaerobic fixed 
film reactor with 700 m3 capacity and randomly packed with PVC rings, for the treatment of 
the wastewater from a Portuguese milk-processing factory. The digester role was to upgrade 
the existing overloaded activated sludge wastewater treatment plant, which, in recent years 
had to be operated with pure oxygen in order to meet the environmental regulations.  
 

 
 

Photo 1: General view of the plant  
 

2. Introduction 
 
Due to the change of owner, the industrial production of the milk factory grew and diversified 
with the introduction of new products, leading to a substantial increase of the industrial 
effluent flow rate and pollution characteristics. 
 
The capacity of the existing wastewater treatment, an extended aeration activated sludge 
plant, was at limits of capacity and unable to treat adequately the additional flow rate and 
organic load. The aeration system of the activated sludge tank was complemented with pure 
oxygen system. The sludge was not enough stabilised and, consequently, did not dewater 
properly in the existing system, creating serious problems with its handling and disposal. 
 
Due to the high operational costs and difficulties in complying with the environmental 
regulations, it was decided to improve the performance and reduce the operational costs of the 
treatment plant, trough the realisation of an anaerobic pre-treatment system with biogas 
production and its use in electric generation. The application of the anaerobic digestion 
technology in this case is attractive, as it has low energy consumption, produces important 
quantities of energy in the form of biogas, minimises the quantity of sludge resulting from the 
treatment process and reduces the requirements for the chemicals in neutralisation, 



coagulation and/or nutrient control, purification steps which are expensive and generate more 
sludge quantities. 
 
The innovation part consists in the use of a specific anaerobic treatment technology - a reactor 
of anaerobic hybrid filter type, partially filled with plastic media - constituted by industrial 
residue, small PVC pipes, cut in smaller pieces. The prototype was designed by INETI 
according to the results from laboratory and pilot plant studies carried-out in the INETI’s 
Renewable Energy Department. 
 
3. Technical Description  
 
The modifications introduced in the existing wastewater treatment plant where constituted by 
the following processes and operations, which were installed upstream the existing activated 
sludge system:  

1 - sand removal     2 - fine screening 
3 – homogenisation   4 - pH control  
5 - air flotation    6 - anaerobic hybrid filter  

Secondary excess sludge is periodically send to the anaerobic filter for stabilisation. This 
sludge has been used to seed the anaerobic process in order to accelerate the anaerobic 
process. 

The up-flow anaerobic filter has cylindrical shape. The reactor is constituted by an inner 
central chamber, which receives the industrial effluent and distributes it in the filter bottom, 
by pipes placed radially, to allow a good distribution of the effluent in the external 
compartment and a spiral up-ward flow. In this chamber a heat exchanger is placed to preheat 
the incoming waste and reduce the temperature. In the outside compartment the filter support 
media of 1 m height layer (consisting of PVC pipes of 5 cm diameter cut in 6,5 cm long 
pieces and randomly packed) is placed. Lateral weirs placed all over the circumference 
constitute outlet devices. 

The details of the tank shape and the tank and input and output systems are presented in the 
figure 1. 

 
 

Figure 1: Digester characteristics  (INETI patent) 
 



The tank, build in reinforced concrete, was designed for 24 hour average hydraulic retention 
time. The geometric characteristics of the tank are: Volume: 700 m3 , Diameter: 13 m, Liquid 
height: 5,4 m, and inner compartment diameter: 2,0 m. 

 

4. Performance of the Biogas Plant 
 

Two problems were encountered which caused delays in the operation of the plant: 

1. The digester roof was unable to retain and store the biogas due to the high permeability of 
concrete. The problem has been overcome by the use of a polymeric product which, when 
applied to the concrete, creates an impermeable membrane. This solution was proven very 
effective in eliminating any biogas leakage and very easy and cheap to be applied. 

2. The storage and feeding system of acid product for pH control did not comply with some 
security Portuguese specifications, and was not used during the start-up period. The 
problem has been minimised by manual addition of acidic products an by bacterial 
adaptation. 

The digester after the starting was fed with progressively increased hydraulic load. It receives 
1440 m3/day of effluent and, on average, about 30 m3/day of waste activated sludge: this is 
more than the double of the previewed design values (700 m3/day). The pH control system 
newer has been put into operation. Instead of it the exhaust gas from the motor generator is 
sprayed into the effluent, to contribute in pH reduction. The average pH of the digester 
effluent is about 8,5. which indicate a good buffering capacity of the anaerobic biological 
process.  

Sometimes the industrial effluent increases the pH values into the reactor to 10 – 10,5. In such 
occurrences the system suffers quite moderate inhibition, which does not affect the quality of 
treated final effluent, due to very good bacterial aclimatation and formation of flocculent 
biomass, which is able to control efficiently the internal pH. According to this, the owner does 
not have to operate the previous pH control system, while the exhaust gas absorption system 
is improved and optimised continuously, to limit the pH fluctuations. 

The organic acid in the effluent digester, after the early commissioning period decreased 
continuously, reaching values lower than 100 mg/litres, which are compatible with the 
development of methanotrix sp., the desired bacterial population.  

The organic matter removal varied between 45 to 90 % with an average value of 74 %. 
 
The project demonstrates that good purification results can be achieved by anaerobic 
treatment, namely: 
 
• Reduction of 74 % of the applied organic matter loaded to the reactor (on average).  
• Resolution of the environmental problem faced by the milk factory. The obtained results 

ensure that the concentration of the pollutants in the effluent from the overall wastewater 
treatment system meets the environmental limits  

• Energetic savings of about 1500 kWh/day, which was previously needed to operate the 
pure oxygen system in the activated sludge plant. 

• Production of 150 m3/day, on average, of biogas with 95 % of methane content, used to 
generate 360 kWh/day of electric energy.  

• The waste plastic media used to fill partially the reactor has met the design expectations. 
The system performed according to the laboratory studies. 

• The anaerobic treatment degrades all the excess secondary activated sludge and most of 
the fats, converting them into valuable biogas. 



• The anaerobic hybrid filter is a robust technology which is able to perform with 
reasonably stability, even in pH adverse conditions. 

• Exhaust gas from the engine is used to correct the pH by absorbing it into the industrial 
sewage. This application permit to reduce the pH fluctuations, without using any 
chemicals, to recover the heat and to protect the environment from greenhouse gas 
emissions. 

 

 
Photo 2: The flotation and Anaerobic reactor units 

 
5. Economic Performance 
 
The digester does not introduce significant additional operating costs in the wastewater 
treatment system. The digester allowed electricity savings of 1800 kWh/day  = 657 000 
kWh/year, corresponding to 58 320 EURO/year, by reducing the energy requirements in the 
activated sludge system and by electricity generated from biogas. 
 
In order to correct the pH to neutrality it has been estimated that would be necessary to spent 
about 30 000 EURO/month to procure hydrochloric acid. This cost is eliminated by using 
instead the carbon dioxide in the biogas and by the occurred adaptation of the system at 
higher pH values, resulting further increase of economic balance from the auto pH control. In 
terms of chemical products the buffer capacity of the biogas corresponds to an economy of 
12,000 EURO/year. Based on the above data, the expected pay back of the plant is about 7 
years 
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