
Purification of Sugar Refinery effluents by the 
         anaerobic- aerobic UNITANK system 
 

1.     Aim of the project:  
 
The aim of this project is to demonstrate that the entire waste-water problem of a sugar 
refinery can be solved by using the UNITANK process developed by Artois-Piedbouf 
Interbrew. This system is based on a combination of anaerobic and aerobic processing with 
energy recuperation. The plant was installed at the sugar refinery Raffinerie Tirlemontoise in 
Tienen, Belgium. 
 

 
 

Photo 1: View of the plant 
 

2. Introduction 
 
The project demonstrates the operation of a newly developed waste-water purification process 
which aims at minimising energy consumption while maximising energy production (biogas) 
with complete BOD and nitrogen removal. The biogas is burned and the heat generated is 
used for process requirements in the refinery. 
 
There are three types of waste-water in the Tienen sugar refinery:  
1. beet wash water: the water used to clean the beet before processing.  
2. the sugarbeet contains about 75 % water which during processing condenses and must be 

discharged into surface waters.  
3. the "industrial waste-waters" are all the other waste-water streams generated by the plant.  
 
During the design phase of the project pilot plant tests were carried out on-site and it was 
decided to choose the following systems out of the UNITANK-program:  
• for the beet wash water: the anaerobic UNITANK system (UASB);  
• for the excess condensates: the UNITANK SSU-N (biological nitrification and 

denitrification);  
• for the industrial waste-water: the UNITANK SSU.  



3.    Technical description  
 
The purification system which has been used is a large-scaled demonstration project for a 
total solution for all the waste-waters of a sugar refinery, including maximum energy 
recovery from these effluents.  
 
 

 
 

Figure 1: Schematic of the overall process 
 
 
The anaerobic UNITANK-UASB-system  
The beets are carried into the Beet Washing Station where they are washed. The wash water is 
then fed to settling ponds where the solids precipitate. The beet wash-water returns from the 
settling ponds it is almost free of particles which can be precipitated.  
 
A part of this waste-water (about 200  m3/h) is treated in the UNITANK- UASB installation. 
The waste-water to be treated is heated up from atmospheric conditions to 37  °C. The heat 
requirements for this operation are recovered from the  waste heat water of the condensers of 
the refinery which is at about +60 °C. The second step of the process is neutralisation using 
caustic soda in which the pH is adjusted to ± 6,7.  
The next treatment step is the anaerobic digestion of the contaminated waters by 
methanogenic bacteria. The anaerobic digestion reactor is divided in two equal parts, which 
can be operated either in parallel or in series. Each reactor has a volume of 1.650 m3  and 
works by the UASB- principle/Upflow Anaerobic Sludge Blanket).  
 
The reactors are rectangular, built in concrete and include the three phase separator designed 
to separate gas/water as well as sludge/water. 
 
The waste-water entering the digester is divided into eight tubes, each flow divided into ± 12 
little streams through calibrated holes. This configuration assures a good repartition of the 
total flow over the surface of the digester. The water, gas and sludge, move upwards in the 
digester, the three components are then separated in the so-called three-phase-separator. In 
this unit the gas is collected and send to the boiler-house by a pump while the sludge returns 
back to the digester and the water leaves the decantation- area by overflow. The treated water 
returns to the washing station and is preferably used to wash the beets again. 



 
 

Figure  2: Schematic of the Upflow Anaerobic Sludge Blanket process 
 
 
The aerobic UNITANK-SSU-N system  
 
The UNITANK-SSU-N system consists of a rectangular vessel divided in 4 compartments 
(A,B,C,D) connected by openings in the walls. All the compartments are equipped with 
aeration and mixing systems. The compartments A and D can function as oxidation tank 
(nitrification), mixing tank (denitrification) or sedimentation tank. Compartments C and D 
can function as oxidation or mixing tank. One of the compartments A and D is always in the 
sedimentation phase. The rest (say B, C and D) proceed the nitrification and denitrification. 
Each compartment is aerated during 70 % of the time.  
 
The compartments B, C and D are programmed in such a way that one of these tanks is mixed 
and the two others are aerated. After a certain time the flow direction is inverted. The SSU-N-
system doesn't require a sedimentation tank nor pumps and piping for recycling the sludge.  
 
The excess sludge is eliminated from the tank in the sedimentation phase and is pumped into 
the sludge thickeners.  
 
The aerobic UNITANK-SSU-system  
 
The UNITANK-SSU system comprises a rectangular vessel divided into three square tanks, 
connected by holes in the adjacent walls. All the compartments (A, B and C) are equipped 
with aeration systems, A and C have also a weir and mixing devices. The central 
compartment is always used as an oxidation tank. First the waste-water is introduced in an 
exterior tank (A or C), the mixed liquor flows, passing tank B, to the other exterior tank, 
which serves as sedimentation tank. After a certain time the direction of the flow is inverted. 
The clarified effluent is collected by the weir and flows in the effluent tank. The SSU-system 
doesn't need a separate sedimentation tank.  
 
The excess sludge is eliminated by the compartment in sedimentation phase. This excess 
sludge is subsequently pumped into the thickener.  
 
 
 



4.   Plant Performance  
 
After some period of adaptation the UNITANK-UASB performed extremely well the 
purification efficiency practically always around 90 %. The SSU-N aerobic station also 
operated satisfactorily between 1993 and 1994. As this part of the plant is not critical and it 
has performed very well, this installation was no longer monitored in detail, and only the 
discharge from the SSU-N installation was controlled.  
 

5. Economic Performance 
 
The total investment was 245 million Belgian Francs.  
 
The annual operating and maintenance cost of the plant are: 
 
• Monitoring installation:    1.6 M BEF (including laboratory analysis)  
• Maintenance:              1.1 M BEF  
• Energy (electrical):               1.4 M BEF  
• Chemicals (NaOH, HCI, H3PO4):     0.9 M BEF  
• Tax on real estate:                          1.9 M BEF  
• TOTAL:                                      6,8 M BEF  
 
The economy of the plant is based on the following: 
 
Recovery of biogas: 600.000 Nm3 biogas/year,  
Reduction of the quantity of lime added to beet wash water: 640 t/year,  
Reduction of the quantity of foam agent added to beet wash water 4000 l, 
Reduction of the annual tax paid on the discharge in surface water. 
The annual income of the plant is 21.1 M BEF.        
 
The simple pay back calculation (excluding the tax on real estate) is 15 years. 
 
Furthermore, the satisfactory operation of this waste-water treatment system enables 
Raffinerie Tirlemontoise to meet the new standards, which are much more stringent than the 
previous ones, for discharge of process waste-waters into surface waters.  
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