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to Fundamentals
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This is another in a series of  educational articles on water/wastewater! This article is 
intended to discuss Advanced Biological Wastewater Treatments-Hybrid Systems. 
This generic presentation utilizes my extended number of  years of  experience 

using developments in Advanced Biological Wastewater Treatments Hybrid Systems based 
on information below:

Presentation Details:

   • Hybrid Systems-Explained

   • Hybrid Systems-Types

   • Conclusion

Hybrid Systems-Explained

By means of  classifying a suitable COD range for aerobic treatment, high-strength 
wastewaters have been identified as those of  COD concentration greater than 4,000 mg/L, 
where aerobic treatment is no longer feasible; whereas, an anaerobic treatment would 
provide a suitable treatment option that requires no oxygen, produces less excess sludge, 
and offers a potential energy source. 

Advanced biological technologies are for treating high-strength wastewater with focus 
on hybrid systems such as membrane bio-reactors (MBR’s), combined and integrated 
anaerobic–aerobic systems are discussed below.

Hybrid System-Types
Membrane Bio-Reactors 

Membrane bioreactor (MBR) integrates a physical barrier (membrane) in a conventional 
biological treatment system, offering the opportunity to treat wastewater in a single system. 
Generally, an MBR is a hybrid of  biological treatment and membrane filtration. MBR’s are 
used for the treatment of  both municipal and industrial wastewaters, providing physical 
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separation of  suspended solids and biomass, and uncoupling 
HRT and SRT. 

The introduction of  membrane filtration in the biological system 
eliminates the need for secondary clarifiers. The elimination of  
secondary clarifiers and operation of  MBR at a shorter HRT 
results in significantly reduced footprint. 

An MBR also offers the following advantages over congenital 
activated sludge including high-quality effluent, higher volumetric 
loading rates, shorter reactor HRTs, longer SRTs, less sludge 
production, and potential for simultaneous nitrification/
denitrification in long SRT’s.

Combined Anaerobic–Aerobic Treatment Systems

Combined anaerobic–aerobic treatment systemsachieve 
complete stabilization of  high-strength wastewater. It has been 
hypothesized that the effluent of  anaerobic treatment contains 
solubilized organic matter suitable for subsequent aerobic 
treatment because of  its reduced organic strength and enhanced 
amounts of  nitrogen and phosphorus. 

Combined anaerobic–aerobic treatment can reduce operating 
cost by a factor of  eight when compared with aerobic treatment 
alone due to reduction in energy consumption. In terms of  
sludge production, for most wastewaters, the net sludge yield 
from aerobic activated sludge treatment is of  the order of  0.5 
kg of  volatile suspended solid (VSS) per kg COD removed as 
opposed to less than 0.1 kg VSS/kg COD removed sludge yield 
from anaerobic treatment. 

If  the two systems are combined, anaerobic and aerobic processes 
can generate lesser amounts of  sludge and the overall cost of  
waste treatment can be considerably reduced.

Combined systems offer the capability of  coupling the benefits 
of  anaerobic digestion (i.e., biogas production) with the benefit 
of  aerobic digestion (i.e., better removal of  organics), while 
overcoming the disadvantages of  the separate individual systems 
such as the long start-up and low stability due to fast growth rate. 

The combined system can provide nutrients removal through 
sequential nitrogen removal with aerobic nitrification and 
anaerobic denitrification. Phosphorus removal is accomplished 
in sequential anaerobic–aerobic conditions. In addition, such 

combination has been found to be able to biodegrade recalcitrant 
organics such as chlorinated aromatic hydrocarbons and phenols 
as well as heavy metals.

Integrated Anaerobic–Aerobic Treatment Systems

Integrated anaerobic–aerobic treatment systemsintegrate 
anaerobic and aerobic system in a single reactor to provide 
a compact technology. A study investigated the feasibility of  
developing an integrated anaerobic-aerobic fixed bed combined 
bioreactor (UA/AFB) to treat high-strength wastewaters 
employing a bench scale up-flow fixed bed reactor, filled with 
PVC rings as media. 

The reactor consisted of  a lower anaerobic part and an upper 
aerobic part. Synthetic wastewater was used with variable COD 
ranging from 365 to 3,500 mg/L at the same total HRT of  9 hours 
(5 hours as anaerobic and 4 hours as aerobic), corresponding to 
Organic Loading Rate (OLR) range of  0.8 to 7.6 kg COD/m3 day. 

The results indicated that COD removal efficiency in the anaerobic 
section dropped from 67% to 27% at OLR of  0.8 and 7.6 kg 
COD/m3 day, respectively. Yet this decrease was compensated 
with a drastic increase in the efficiency of  the aerobic zone from 
37% to 85% yielding a total increase in efficiency from 95% 
to 98% at OLR of  0.8 kg COD/m3 day and 7.6 COD/m3 day, 
respectively. 

Therefore, it has been shown that although COD removal 
efficiency in the anaerobic part of  reactor can be decreased with 
the increase in Organic Loading Rate (OLR), the aerobic part 
can adjust this decrease resulting in an improvement in the total 
removal efficiency up to secondary effluent standard limit with 
OLR’s as high as 7.6 kg COD/m3 day.

Conclusion

Treatment of  high-strength wastewater presents a new challenge 
that researchers are seeking to address. Conventional aerobic 
treatment systems are not suitable for treatment of  high-strength 
wastewaters due to the excessive demand on energy for aeration 
and the generation of  huge amounts of  sludge that needs to be 
stabilized for disposal. 

Hybrid biological systems are effective treating high-strength 
wastewater treatment. These systems include the following: 
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MBR’s and combined/integrated anaerobic-aerobic systems. 
MBRs provide excellent effluent quality with reduced footprint, 
but the major drawback of  MBR is membrane fouling which 
increases maintenance and operating costs. MBR performance 
is influenced by membrane characteristics, operating conditions, 
feed composition and biomass characteristics. 

Combined anaerobic-aerobic systems provide a cost effective and 
efficient treatment alternative for high-strength wastewaters. 

Research efforts are geared towards integrating the anaerobic 
and aerobic treatment processes in a single reactor. Employing 
granular biomass in the integrated anaerobic–aerobic system 
can offer a unique advantage of  com- pact and strong microbial 
population with good settling ability and high biomass retention. 
Column type reactors of  high Height / Diameter (H/D) ratio are 
favored for longer circular flow trajectory providing high shear 
force. High hydrodynamic shear force acts as selective pressure 
ensuring that fast settling granular sludge are only maintained 
in the reactor and enhances mass transfer promoting increase 
degradation of  substrate. High shear force induces the secretion 
of  cell polysaccharides which play a major role in the build-up 
of  stable granular matrix. Although integrated anaerobic-aerobic 
granular systems provide a promising treatment option for high-
strength wastewaters, the design and operation of  the integrated 
granular bioreactors are still in the development phase with 
limited data in continuous flow regime and large-scale operation. 
Other obstacles such as granular stability and long start-up have 
been highlighted. Further research is needed on overcoming these 
aspects.

So hopefully you are preparing to Begin now to Use Advanced Biological 
Wastewater Treatments-Hybrid Systems. However, beforehand 
or in the process, feel free to reach out to me with your Advanced 
Biological Wastewater Treatments-Hybrid Systems use or any 
other Wastewater questions. 

  

Daniel L. Theobald is “Wastewater Dan,” proprietor of  
Environmental Services. He is a professional wastewater 
and safety consultant/trainer with more than 24 years 

of  hands-on industry experience operating many variants of  
wastewater treatment processing units and is eager to share with 
others his knowledge about water conservation. Wastewater Dan 
can be reached at TheWastewaterWiz01@gmail.com  or   www.
Conserve-On-Water.com
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