
 

 

High Performance, highly adsorbent and porous PU carriers for MBBR/IFAS application  

Technological advancement in wastewater treatment field and fixed film technologies 

During the past two decades, biological wastewater treatment field has witnessed remarkable 

technological advancement due to increasing needs to achieve better treatment standards, to meet 

stringent legislative requirements, to reduce the space requirement along with operation and 

maintenance cost of wastewater treatment facilities. Lately technologies and processes based on 

fixed film growth principle have gained significant attention due to their specific advantages. 

In a fixed film reactor much of the active biomass is retained on the bio-films growing on carriers 

which offer very long sludge ages compared to suspended growth based technologies and prevents 

wash out of micro organisms from the reactor. This characteristic allows growth of slowly growing 

micro organisms with low cell yield and weak flocculation ability which are responsible for the 

degradation of persistent pollutants, nitrification and anaerobic degradation of effluents making 

these processes feasible and much stable compared to suspended growth based processes. Micro 

organisms in the bio film are covered by Extra Cellular Polymeric (EPS) substances protecting them 

against toxic and inhibitory effects of pollutants. This allows stable and efficient operation of 

biological degradation of toxic and inhibitory substances making fixed film processes the most viable 

for their degradation.     

MBBR and IFAS Technologies: Emerging Technologies on Horizon  

Among various fixed film based processes, Moving Bed Bio Reactor (MBBR) and Integrated Fixed Film 

Activated Sludge(IFAS) technologies have been emerged as simple yet robust, flexible and compact 

solutions for wastewater treatment. The technologies have been successfully implemented for 

BOD/COD removal and nitrification-denitrification and removal of toxic and persistent pollutants 

under anaerobic as well as aerobic conditions  

Working Principle and Advantages over suspended growth technologies 

In principle, the MBBR and IFAS are a combination of fixed film and suspended growth processes of 

biological wastewater treatment. Both systems utilise specially designed carrier material for the 

growth of bio film which is held in suspension within the reactor using aeration and mechanical 

mixing energy. The combination of suspended growth and fixed film technology offers many 

advantages which include: a) growth of highly specialized biomass to achieve desired treatment 

goals, b) a continuous flow process eliminating the back washing requirement unlike other fixed film 

processes, c) flow simplicity and flexibility as CAS systems, d)biological performance is not dependent 

upon solids separation as much of the active biomass is retained on the carrier material allowing for 

applications of various solids separation technologies, e) versatility of the technologies allow for 

different tank geometries and f) up-gradation and expansion of existing plant without adding new 

basins to it.  

 

 



 

 

Biocarriers : Most crucial elements for a better MBBR/IFAS Design  

As the micro-organisms growing on the bio film attached to carriers are responsible for removal 

efficiency and thus overall performance of the reactor, carriers on which bio-film grows are the most 

crucial elements of MBBR/IFAS system. Historically various carrier materials such as pulverized or 

granular activated carbon, quartz sand, expanded clay, lava slag, textile sheets,  porous-non porous 

plastics in the form of granules or various packing of different size and shapes have been utilised 

extensively for fixed film technologies. As the application of MBBR technology has gained 

momentum, a much of the focus has been on development of plastic based carriers of different size 

and geometries.  

Ideal Carrier Properties and their significance to Process Performance 

Ideally efficient carrier material must offer a very high surface for faster and stable colonization, 

protect the bio film from toxic and inhibitory effects and excessive shear forces, ensure optimal mass 

transfer allowing for smoother DO and substrate gradients for better removal efficiencies and offer 

ease of operation for mixing and circulation of carrier materials in the reactor.  

Table 1 : Properties of Ideal Carrier Material and their importance  

 Property Effect 

High Adsorbent capacity  Binding of toxic and inhibitory substances, faster 

colonization and thus faster start up and 

performance 

Higher Active Surface  Higher biofilm concentration in the reactor, 

lower degree of filling requirement and thus 

smaller volume of the reactor   

Higher porosity   Protection of biofilm against adverse effects  

Fast Wetting  Good fluidization and mass transfer efficiency 

and higher biological activity  

Lower Density  Low energy consumption for mixing and 

circulation  

Hydrophilic surface   Adherence of micro organisms to the carrier 

material and better process stability  

 

 

 

 



 

Plastic Carriers and their limitations: 

At present a wide variety of plastic carrier manufactured from different plastic materials available in 

the market. Depending upon their design they offer specific surface area in the range of 200-1200 

m2/m3, density close to water (1.0 g/cm3), sp. Weight 80-140 kg/m3 with a void ratio of 70-90%. 

However, due to their very poor adsorbent capacity, adhesion of micro organisms requires time and 

thus takes 3-4 weeks to colonize and offers no adsorption of toxic and inhibitory substances 

providing no protection against them. For desired treatment level a filling ratio of 30-60% required 

for these carriers increasing the reactor size. Moreover, the specific weight of these carriers is very 

high requiring additional energy for mixing and recirculation in the reactor.  

Poly Urethane (PU) : An Ideal Carrier material  

Poly Urethane(PU) first invented by Bayer AG in 1937 form a group of plastic whose properties show 

more variability than those of other groups. PU as carrier material is favoured due to following 

reasons:  

 Higher mechanical strength with flexibility of rubber and toughness of metal  

 Higher internal porosity  

 Higher stability to hydrolysis 

 Non biodegradability   and resistant to solvent especially of poly ether based PUs  

 Their properties (density, particle size, sedimentation velocity) can be varied at will  

 Ease of handling  

Advantages of PU Carriers: 

PU carriers are made of flexible, durable foam pads which possess very high surface area and internal 

porosity. Due to excellent porous surface, entrapment and intercepting efficiency of PU carrier is 

very high resulting in faster colonization of micro organisms on it. Higher porosity also allows for 

better protection of biomass and better DO and substrate gradient across the carrier allowing for 

concurrent growth of heterotrophic and autotrophic biomass within the carrier material. It has been 

observed that PU carrier based bio reactors contain more autotrophic biomass compared to 

suspended growth only reactors thus nitrification rates observed in the bio reactors with PU carriers 

are far better than suspended growth system and bio film reactor based on plastic carriers. Moreover 

due to higher surface area per m3 of carrier volume, the amount of filling required and thus reactor 

size are less compared to conventional plastic media based bio reactors.   

 

 

 

 



 

Modified PU Carriers: Variable Properties and their importance in biological processes 

The adhesion of micro organisms on carrier material does not depend only on the nature of surface 

and porosity but also on properties like electro static surface charges and hydrophilic nature of the 

surface. The properties of the plastic carriers can be modified to very limited extent to increase their 

surface charges and hydrophilic nature. However, by impregnating the PU foam with electro-

statically charged surface additives or additive mixtures their properties can be varied to a wide 

extent.    

The fact that variation of the above mentioned properties and quantities of foam matrix enables 

modification of the properties of PU carrier to a wide extent making it the most suitable carrier 

material for fixed film based processes.  

Advantages of modified PU carriers: 

Impregnation of PU foams with adsorbing surface active pigments with high surface increases the 

adsorbing capacity and surface area to a great extent. The formation of high adsorbing surface 

provides very fast colonization of micro organisms on carrier surface leading to faster process start 

up. Moreover, it also triggers temporary adsorption of toxic and inhibitory substances reducing their 

bulk liquid concentration. This temporary adsorption enables better process stability against toxic 

loading and enables treatment of effluents containing toxic substances more efficiently. As the 

adsorbed substances are bio degraded by micro- organisms, the adsorbing surface is “self 

regenerating”. The impregnation also allows growth of micro-organisms within the internal pores 

protecting them against shear forces. The microbial growth at internal pores also helps forming 

anoxic zones with low DO and low substrate concentrations allowing simultaneous nitrification-

denitrification of effluents.  

Comparison of modified PU carriers with other carriers:                  

While investigating the application of modified PU carriers for anaerobic degradation off high AOX 

containing Toxic Pulp and Paper mill bleaching effluents, a series of tests were conducted with 

different materials in parallel operated lab scale reactors. The results indicated advantages of 

modified PU carriers as the colonization of micro organisms was very rapid on modified PU carriers 

and the performance of anaerobic reactors containing modified PU carriers exceeded all other 

carriers in terms of COD elimination and AOX removal efficiencies.  

 

 

 

 

 

 

 



 

Fig 1 : Influence of various carriers on COD elimination   

   

LEVAPOR Carriers: First Synthetically modified PU carrier 

Levapor Bio Film Technologies and Bio Consulting is a Germany based organization started by Dr. 

Imre Pascik, provides innovative fixed film based solutions for the treatment of complex effluents.  

After basic research activities, Levapor carriers were designed to meet the requirement of ideal 

carriers for microbial immobilization. The carriers comprise porous, flexible and durable foam cubes 

impregnated with adsorbing, surface active pigments with extremely high surface. One cubic metre 

of flexible PU foam has a surface area of 2500 m2/m3. Their impregnation with 15 to 50 kg highly 

adsorbing activated carbon powder, with surfaces of 1000 to 2000 m² per 1 gram (!) weight, results 

in extremely high adsorbing surface and high porosity.  

 

 

 

 

 



 

Fig 2 : Delivery form of LEVAPOR Carrier Cubes 

         

 

Fig 3 : Fluidized LEVAPOR Carriers in the Reactor 

 

 

 

 

 



 

Fig 4a : Microscopic picture of LEVAPOR Carriers 

 

 

 

 

 

 

 

 

 

 

Fig 4b : Microscopic Picture of LEVAPOR Carriers 

 

 

 

 

 



 

Fig 5a : Colonized LEVAPOR Carriers 

 

Fig 5b : Colonized LEVAPOR Carriers 

 

 

 

 

 

 

 



 

Advantages of Levapor Carriers :  

Due to their mentioned advantageous properties, LEVAPOR carriers enable a very fast  
 

 Reversible adsorption of inhibitory, slowly degradable pollutants and  

  Colonisation of carrier surface by more active, special, biofilm forming microorganisms than 
simple carriers resulting in 

  faster process startup 

  higher removal efficiency 

  higher process stability   

 lower sludge yields and 

  Better process economy 

 Only 10-15% filling required compared 40-60% requirement for conventional plastic media 
 

Applications:  

Over the years, Levapor carriers have been successfully utilised for anaerobic-aerobic treatment of 

toxic pulp and paper mill effluents, high strength industrial effluents like pharmaceuticals, 

petrochemicals, pesticides and herbicides manufacturing, coke oven and textile dyes manufacturing 

industries. The technology has been also utilised for the upgradation/expansion of municipal 

wastewater treatment plant to achieve nutrient removal and has been also applied to a full scale 

municipal wastewater treatment plant with nitrification in cold climates.  

Anaerobic-Aerobic Treatment of Toxic Sulphite Pulp and Paper mill effluents:  

Levapor carriers were first utilised for the treatment of toxic pulp and paper mill effluents during 

1988-1990.  

The Problem:  

Pulp and Paper production is characterized by higher water consumption during pulping process and 

severe pollution of processed water various stages. Bleaching effluents are of serious environmental 

concern due to presence of persistent, toxic chlorinated organic compounds mainly chlorolignins and 

its cleavage products such as chlorophenols, lower molecular weight chloro aliphatics such as 

chloroform, chloroethanes, tetrachloroethylene and chloroacetones. Moreover, sulphite paper mill 

effluents also contain sulpho compounds which are toxic and inhibitory to biological processes. 

These pollutants are characterised by slow to extremely slow biodegradable nature. As the micro 

organisms responsible for the biodegradation these persistent and slowly biodegradable pollutants 

have lower growth rate and poor floc forming abilities, retaining them in suspended growth reactor 

is difficult even with very efficient and conservative biomass separation designs.  

 

 

 

 



 

The Solution:  

After initial analysis of the problem, a series of trial runs and pilot testing were conducted using 

suspended growth anaerobic reactor and reactors containing lignite coke, unmodified PUR foam and 

modified PU LEVAPOR-carriers to obtain necessary design and process performance data. The 

reactors containing modified PU carriers outperformed other reactors in terms of COD removal 

efficiency and biogas production along with higher COD loading rates feasible with anaerobic reactor 

containing modified PU carriers.  

Thus, a full scale plant comprising of micro aerobic pre treatment followed by Anaerobic reactor 

added with 10% of modified PU carriers for biomass immobilization and Aerobic reactors was 

suggested. The full scale plant treats a flow of 20 MLD with a COD loading of 40-45 tonnes per day.  

Fig 6 : Plant Performance Data after three years of operation 

 

 

 

 

 

 

 

 

 

 

 



 

Fig 7 : Impact of immobilized biomass using Levapor Carriers on COD loading rates of Anaerobic 

reactors 

 

 

Fig 8 : Anaerobic Reactors at Sulfite Pulp and Paper mill site 

   

 

 

 



 

Results and Benefits:  

 Due to addition of 10% modified PU carriers in the Anaerobic reactor, a reactor volume of 

15000m3 was required compared to 65000m3 reactor volume with suspended growth based 

anaerobic reactor offering significant space and cost saving in constructing the reactors.  

 To confirm the reactor performance, two of the three anaerobic reactors were started with 

modified carriers while the third reactor was started using suspended biomass only. After 

stabilization the performance of the suspended growth based anaerobic reactor never 

reached the performance of the Anaerobic reactor started with modified PU carriers and 

after five months of operation, the biological process completely crashed due to toxic high 

loadings.  

 The overall anaerobic-aerobic treatment plant resulted in total COD reduction of 80-85% 

consistently and a biogas production of 11000-15000 m3/day which corresponds to bio gas 

production of 430 m3/tonne COD removed in the Anaerobic reactor.  

  

City of NINGAN, China Municipal wastewater treatment plant for COD Removal and nitrification 

 
 NINGAN is a city with 440.000 inhabitants located ca. 20 km southwest of Mudanjiang in the 

Heilongjiang province        

The problem:  

Due to stricter legislative requirements for ammonia discharge, the municipal wastewater treatment 

plant requires to achieve efficient COD removal as well as nitrification. Moreover, due to cold climate 

conditions, a technology which can fulfil the nitrification discharge limits during winter required for 

the new municipal wastewater treatment plant.  

Solution        

Based on our previous experiences with municipal wastewater treatment in cold climate, for a 

designed capacity of 22 MLD wastewater flow, 3200m3 of aerobic reactor volume was suggested 

which was filled with 480m3 of Levapor media at 15% filling rates. The plant was commissioned in 

October 2010 which is already winter in Ningan.  

 

 

 

 

 

 



 

Fig 9 : COD removal at Ningan WWTP during period of Oct-Dec 2012 

 

Fig 10 : NH4.N removal under wide fluctuation of TKN and Temperature at Ningan WWTP 

 

 

 

 

 

 

 

 

 



 

Results and Benefits: 

 Despite start up during cold weather and short hydraulic retention time (3.5-3.8 hours 

compared to 6-10 hours for conventional systems), the plant achieved remarkable COD 

reduction within few days and within three-four weeks stable nitrification was established 

achieving overall 88-90% COD reduction (33-38 mg/lit) and 91-93% NH4.N reduction (2-3.3 

mg/lit) in the effluent meeting all legal discharge limits.  

 Despite wide fluctuations in COD and  TKN loading and wide variation in the temperatures,  

removal efficiencies for both COD and TKN has remained stable confirming stable 

nitrification process within the porous carriers.  

 A higher removal of TKN has been observed with lower level of NO3- concentration in the 

effluent confirming simultaneous denitrification within the internal pores of carrier 

materials.  

 

 

 

 

 

 


