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Executive Summary 
 

The Turbo4bio system has been patented in the UK and Europe by Hans Bioshaft Limited, a UK 
company based in Cardiff, South Wales.  
 
The Turbo4bio was developed in the early 1990's using partially European funding to find a low 
cost sustainable solution for sewage treatment plants with minimal sludge yields and ease of 
maintenance.  This has now developed into a commercially proven technology with 
numerous Turbo4bio installations working successfully worldwide with trouble free operation. 
 
The Turbo4bio effluent treatment plant is an advanced, high intensity, sludge aeration system. 
The plant is totally enclosed and is essentially non-mechanical in operation, ensuring a virtually 
odour-free, simple operation, environmentally friendly and long-life solution for the treatment of 
domestic, commercial and municipal sewage and, where appropriate, organic industrial 
wastewater. 
 
The modular nature of the Turbo4bio provides a high level of flexibility in application. Installed 
in single, or in multiples either in parallel or series, the plant can be above or below ground to 
suit the local environment, site conditions and the available footprint. 
 
The plant is able to treat flows from relatively small domestic populations up to large scale 
municipal sewage works and the modular concept allows phased installation where appropriate.  
The optimal loading rates compare favourably with traditional processes and allow for small 
footprints including long sludge retention times.   
 
The Turbo4bio system offers very competitive plant material capital costs, combined with 
simple and cost effective installations to provide an attractive turnkey package.  This is backed 
by very low operational costs with minimal sludge yields and extremely efficient oxygen transfer 
and correspondingly small motors and optimal power consumption.     
 
The technical benefits also include a fast biological start up so that the plant is treating the full 
flows and loads almost instantly compared to many package plants that need to ramp up over 
several days and often weeks. 
 
The Turbo4bio system is ideal for new installations and can be applied as a retrofit / upgrade to 
existing installations for capacity increase and/or improved treated effluent quality requirements. 
 
The uniqueness of the patented Turbo4bio system process eliminates the need for tertiary 
treatment while producing the same or better treated effluent quality. 
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Technical Review 

 
Process Summary – Traditional Treatment Processes 
 
Biological treatment of human (domestic) waste water using an activated sludge process is a very 
effective and relatively low cost method of purification and is a proven and trusted solution for 
the treatment of waste water in most of the developed countries.  
 
All activated sludge processes are based on a simple biochemical reaction, shown simply in the 
diagram below. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1: Biological Oxidation of Organic Effluents. 
 
The process is to provide food, in this case our organic influent (the raw wastewater stream), for 
the microorganisms, ensure they have the correct nutrients and aerate to provide oxygen and this 
then yields biomass, carbon dioxide, water and energy. 
 
In schematic form, the activated sludge process can be shown as per the following diagram: 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2: The Activated Sludge Process 
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However, conventional systems need large aeration and sedimentation volumes, which are 
reflected in the large land-space needed to provide the required surface areas and volumes for 
effective process operation. Conventional activated sludge systems are also inefficient in terms 
of energy used per volume of treated effluent water.  
 
The Enhanced Turbo4bio Process – Summary 
 
The areas and volumes required for efficient treatment have been remarkably reduced by the 
introduction of sludge carriers, which create activated sludge more rapidly, more efficiently and 
hence more economically. The corresponding reduction in land-space can be very significant; 
this is one of the key differentiations of the Turbo4bio process. 
  
 
The sludge carriers are also directly responsible for the second unique feature of the Turbo4bio 
reactor. The design of the sludge carriers incorporates cavities that allow the existence of 
anaerobic bacteria even in the oxygen rich turbine environment.  These anaerobic bacteria are 
essential for the process to minimize the production of sludge that needs to be removed off 
site and the process has very low sludge yields compared to competitor conventional processes. 
In additional to the low sludge production an enormous reduction of phosphorus is 
obtained during the anoxic process inside the turbine. The high saturation on oxygen in the 
biomass works as a nitrifying process and reduce the ammonia (total Nitrogen) to zero level. 
 
Two additional bio-reactions take place when the anaerobes are present; firstly the anaerobic 
bacteria acts upon the soluble organics in the effluent, these bacteria are ‘acid formers’ and the 
result is the production of volatile acids.  The anaerobic bacteria then further metabolize the 
volatile acids; this results in the release of Carbon Dioxide and Methane. However the digestion 
of biomass will occur, when the conditions of low-levels of fresh organic foods exist.  This 
means that in the Turbo4bio process, self-digestion of the produced biomass is simultaneously 
occurring, resulting in lower sludge production rates compared to other processes. 
 
 
Physical Characteristics of the Turbo4bio Process 
 
There are four principal components needed for the system: 

• An Inlet Balancing Tank – provides 24 hours (or less) storage of influent for the 
pretreatment, flow balancing and sludge retention 

• The Turbo4bio turbine– this is the biological reactor that carries out the majority of the 
treatment 

• A Final Clarifier  – this is used to remove the residual suspended solids to polish the 
treated effluent and recycles collected sludge back round the system 

• Air compressors – these are normally provided in duplicate on a duty/standby 
arrangement and the air provides the oxygen to the bacteria and provides mixing and 
pumping of liquors 

• A screen (10 mm) – to be installed upstream of the turbine reactor. 
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Figure 3: A Diagrammatic Section through a Turbo4bio Biological Turbine 
 
When the inlet balancing tank becomes filled with sludge to about 50% of its capacity, it requires 
emptying via a standard vacuum tanker for either on site treatment or off site disposal to a 
licensed facility.  The system produces far less sludge than conventional treatment plants and the 
less frequent sludge removal is a major saving on running costs. 
 
The patented membrane aerator inside the turbo reactor secures the oxygen requirement for the 
decomposition process and additionally ensures an efficient flow of effluent through the 
biological filter, thus preventing blockage.   
 
A simple vane compressor supplies the air required for the process.  It is dispersed in the turbine 
by the diffusers to form an enormous number of micro bubbles.  The majority of the air 
employed is injected directly into the central riser tube (see diagram above), this creates the 
desired flow and recirculation within the turbine.  Finally air is also used to move sludge around 
the plant, a design feature which eliminates mechanical pumps wherever possible. 
 
 
The following cross section shows the preferred installation configuration, with the turbo reactor 
(shaft) partially sunk into the ground to allow gravity flow through the system and the only 
pumping required is into the Inlet Balancing Tank. 
 

Effluent 
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Turbo4bio  – Plant Performance 
 
All effluents treatment plants are designed to achieve certain, measurable pollutant levels 
in the final outfall. The Turbo4bio is no exception to this and must strictly conform to all 
local, national and international discharge levels to be a viable process technology. 
 
Typically the system will treat domestic sewage up to a treated effluent quality of 10 mg/l 
BOD5 (ATU) and 10 mg/l suspended solids standards with Ammonia nitrogen of less than 5 
mg/l.  Each system has a computer model design check to include local Consent to 
Discharge standards and where necessary the plant can be combined with tertiary 
treatment solutions such as reed beds, wetlands and sand filters for very high quality 
treated effluent requirements suitable for industrial applications such as district cooling 
etc..  
 
 
The Turbo4bio –Material of Construction 
 
Turbo4bio is manufactured from GRP, HDPE or occasionally stainless steel material for 
specific applications. The picture below shows a combination of concrete tanks and the 
GRP turbine for a large scale municipal sewage treatment works in the Middle East .   
 

 
 
Figure 5: A Turbo4bio Installation at Jbaa 
 
 
Turbo4bio  – Benefits Summary 
 
The Turbo4bio system claims several benefits; these are summarised below. 
 

• Design simplicity – the design of the plant is elegantly simple, there are no 
complex control systems and process flows are simple.  Sludge recycle rates are 
set using a simple timer and implemented with an airlift system. 

• High Performance – The plant has demonstrated that it is capable of very high 
degree of purification – 97% in a single stage. Treated effluent is suitable for non-
restricted irrigation applications. 

• High reliability – mechanically the plant is very simple with almost no moving 
parts, consequently there is little to fail during operation. 



 Turbo4bio Sewage Treatment System                 

                                                                                                                                                                      
Page 8                                                                                                                                                                                                                           
 

• High durability – very long operational life, the choice of constructional materials, 
GRP for the shaft and polypropylene for the sludge carriers, ensure structural 
strength and excellent corrosion resistance. 

• Minimal sludge production – best in class performance, this means that sludge 
disposal problems are minimised. 

• Low capital cost – The system has proven to be significantly lower in cost 
compared to other conventional & advanced processes, such as extended aeration 
Activated Sludge process, SBR, conventional MBBR and MBR. 

• Low operational cost – a high efficiency plant, with very low energy consumption, 
leading to minimal operational costs. 

• No chemicals required & no chemical cleaning needed. Only disinfection by low 
dosage of Chlorine is required to maintain residual Chlorine level. 

• Minimal maintenance – virtually the only item for maintenance is the air 
compressor system. 

• Rapid shock recovery  - High rates of biomass generation lead to rapid recovery of 
the plant from toxic shocks, although this is only applicable to industrial effluents 

• No operators required – the plant runs unattended and requires no special training 
for those that do make infrequent checks on the system. 

• Underground installation – can be completely concealed below ground, 
particularly useful where land is at a premium or where no visual disturbance is 
required. 

• Flexible to any capacity desired – suitable for small domestic installations ranging 
10 – 1,000 m3/day and can be installed in modular parallel design to cover larger 
installations from 1,000 – 100,000 m3/day. 
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 Turbo4bio Technology Comparison: 
 

Comparative 
Point Turbo4bio Conventional Membrane  

Bio-Reactor 

Process Attach growth process Activated sludge 
process Separation process 

Capital Investment Competitive Standard Not competitive 

Cost & Efficiency 
Low-high (very simple 

with 
high efficiency ) 

High-standard Very high-high 

Required Area for 
Sewage Treatment 

Plant 

Less than others (less 
aeration area, less 

sedimentation area , 
less sludge treatment 

required) 

Large Lower than conventional 

Sludge Treatment Minimal Required Required Required 

Energy Consumption 
Low (only air pumps), 
0.004-0.006 KW-hr/gal 

(1-1.6KW-hr/m3) 

High (air pumps and 
large number of 

mechanical motors 
required), 0.011-0.015 
KW-hr/gal (3-4 KWhr/ 

m3) 

Very high (air blowers and large number of 
mechanical motors required) - up to 0.026 KW-

hr/gal 
(7 KW-h/m3), ref Stefan Geizler, Aachen 
University Chemical Engineering Institute 

Maintenance & 
Cleaning Process 

(Chemicals) 
Maintenance free self 

cleaning process 

Maintenance needed - 
sludge removal and 

chemical treatment of 
sludge. 

Intensive maintenance and 
chemicals required for flushing and 

membranes cleaning  

Replacement of Major 
Items 

No replacement  

(only for compressor) 

Replacement of 
electromechanical 
parts (i.e .blowers,  

sludge 
pumps, recycling 

pumps, gears, etc.) 

Membrane replacement periodically and other 
rotating parts 

Possibility of 
Expansion Unlimited Limited Limited 

Operating Cost 

Low (air compressor 
only, no 

electromechanical 
equipment, low 

number of personnel 
required) 

High (air blowers and 
large number of 

mechanical motors 
required, large number 
of personnel required) 

High (air blowers and large number of 
mechanical motors required, large number of 

personnel required) 

Maintenance Very low (no 
mechanical equipment 

only standard 

High Very High 
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compressor) 

Construction 
Possibilities 

Above and 
underground 

Above ground and 
some of them can be 
erected underground 
(with limited capacity) 

Some of them can be erected under- ground 
(with limit capacity) 

Relocation of the 
Sewage Treatment 

Plant 
Possible Not possible Not possible 

Population Limit No limits No limits No limits 

Landscape 
Disturbance Low High High 

Odor Negligible Present Low 

Water Effluent Quality 
(BOD/TSS) 

Tertiary 10/10ppm 
(10/10 mg/l) 

Secondary - requires 
filtration to reach 

tertiary quality 30/30 
ppm (30/30 mg/l) 

High quality 5/5 ppm (5/5 mg/l) 

 

 
 

Turbo4bio 
Today’s revolution in wastewater treatment  


