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2.7 MBR Pilot Plant Development and Demonstration 
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HUBER SE, headquartered in Berching, Germany, is a company acting worldwide in 

the field of water, wastewater and sludge treatment. At the headquarters in Berching, 

700 employees develop and manufacture products, manage projects and develop system 

solutions for municipalities and industries. With more than 35,000 installations 

worldwide, HUBER is one of the internationally leading companies in this field. 

HUBER’s adapted treatment processes contribute to solving global water problems. 

HUBER supports its customers in approximately 60 countries around the world through 

subsidiaries, offices or representatives by providing know-how and innovative products 

for water, wastewater and sludge treatment. 

The company has been family owned for more than 175 years and today utilises at its 

headquarters modern production facilities, where a wide range of high quality products 

for the international markets are manufactured with the most advanced manufacturing 

technology and by highly qualified employees. 

As a result of continuous further improvement of its products and new development of 

requirements-oriented machines and plants, HUBER is now able to offer a full range of 

products for the entire water sector and the worldwide markets. To ensure the 

customer’s long-term benefit, HUBER Global Service guarantees the problem-free and 

reliable operation of the customer’s plants through close cooperation with local HUBER 

representatives around the world. 

In addition to the extensive experience and expertise acquired in project planning and 

supply of products for centralised wastewater treatment plants, HUBER also presents 

itself as a competent partner for the implementation of semi-centralised and 

decentralised wastewater treatment concepts. 

Sustainability in the field of water utilisation is a primary concern of HUBER and is 

reflected in a variety of HUBER SOLUTIONS offered for wastewater reuse and 

recovery of nutrients from wastewater and sludge. 

2.7.1 Objective 

Effective sewage management (sewage collection, cleaning and subsequent preparation 

for re-use) is useful for the entire water cycle. It improves water quality and thus also 

increases the water yields for different users. In South Africa lies one of the biggest 

challenges for the improvement of municipal sewage management. The Green Drop 

Report of the Ministry for Water and Sanitation, published in 2011, states that more 

than 50 % of the 821 sewage treatment plants in South Africa do not meet the legal 

effluent standard (DWA 2011). Taking inventory of the municipal sewage treatment 
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plants in the project region even shows that 70 % of the plants do not reach the 

necessary water quality standard in the process. This is due to lack of technical 

equipment, as well as due to lack of maintenance and repair of the systems. According 

to the WRC, the Water Research Commission, the problems described are mostly due to 

deficits in the technical and commercial management of operations in the 

municipalities. In order to ensure the efficiency of the sewage treatment plant in the 

long term for the future, innovative technical solutions that can be operated with a low 

maintenance effort as well as efficiency are needed. 

The focus of HUBER within this project is to adapt and optimise the innovative MBR 

process (a combination of biological wastewater treatment and membrane filtration) 

with the aim to modify the membrane bioreactor with a VRM
®
 filtration unit so that it 

can be used for so-called “refurbishment measures” in wastewater treatment plants 

which are not (fully) functional any more. 

The essential goals of the MOSA partial project “HUBER-VRM membrane” can be 

summarised as follows: 

 Technological development of the membrane activation procedure with the 

VRM membrane filtration module: The improvement of the membrane 

activation procedure with the VRM membrane filtration module takes place on 

site in Germany. An MBR pilot plant is used to test both constructional and 

process-technical improvements with the goal to identify a plant design that 

permits energy-efficient operation. 

 Demonstration of the pioneering technology in the project region “Middle 

Olifants”: After a test phase in Germany, the MBR pilot plant is to be operated 

in the Middle Olifants catchment area, South Africa. The Loskop Dam site is 

available for demonstration of the plant technology. Specifically, it is to permit 

collection of operating experience under local conditions (climate, sewage 

properties, etc.). 

 Knowledge transfer: In the scope of practical trainings with the MBR pilot plant, 

operators are to be trained for operation of plant technology. Various 

information material is produced and provided for this purpose. 

2.7.2 Research Design and Activities  

2.7.2.1 MBR Pilot Plant  

The HUBER membrane bio reactor (MBR) has been improved in the scope of the 

MOSA research project for particularly stable and energy efficient operation under the 

demanding work conditions in Africa. In contrast to conventional aeration plants, the 

slurry is not separated from the organic cleaned water in a secondary clarifier but via a 

membrane filter, the “Vacuum Rotation Membrane (VRM)”, in the HUBER membrane 

bioreactor. Further development focused on the reduction of energy consumption and 

additionally on maintenance effort, e.g. for membrane cleaning. 
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Figure 2.7-1: Containerised MBR pilot plant 

The realised MBR pilot plant in a container (40 foot container) consists of a mixed 

supply tank with upstream mechanical pre-cleaning system (ROTAMAT
®
 Micro 

Strainer Ro9), an activation tank and a separate filtration tank with a submersed 

membrane filtration unit (type HUBER VRM 20), see Figure 2.7-1. 

The units and the control systems are set up in a separate control room. After the 

mechanical removal of gross contamination (screening through 3 mm punched sheet), 

biological treatment of the screened sewage is performed in the activation tank with 

carbon degradation and nitrogen elimination. The process steps of nitrification and 

denitrification in the activation tank take place over time, by switching the aeration at 

the tank on and off. The peripheral equipment as well as the single process steps are 

shown in Figure 2.7-2. 
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Figure 2.7-2: Schematic draft of the MBR Pilot plant 

For the filtration of up to 48 m³ biologically cleaned sewage per day, the rotating 

membrane filtration unit HUBER VRM 20 is used, which provides a total membrane 

area of 144 m². It is set up in a separate filtration tank and operated according to the 

vacuum principle. The filtration unit HUBER VRM 20 consists of a hollow shaft and 

six filtration modules that are placed around the hollow shaft. The biologically cleaned 

sewage is extracted through the membranes under a low pressure difference and 

supplied to the discharge through the permeate collection line. Ultrafiltration 

membranes (pore size 38 nm) with an active layer of PES are used. Due to the small 

pores of the membrane all solids, bacteria and nearly all viruses are reliably separated 

from the biologically purified sewage water. In order to control cover layer formation 

during filtration, large-bubble air is introduced through flushing air lances along the 

hollow shaft (Figure 2.7-3). The rising slurry-air mix cleans the top segment of the 

filtration unit with high intensity at concurrent very low energy consumption. Rotation 

of the membrane filtration unit (2 turns per minute) leads to sequential cleaning of the 

membranes. 
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Technical data 

- Configuration: plate-and-frame 

- Diameter: 2.17 m  

- Membrane material: PES 

- Nominal pore size: 38 nm 

- Installed surface area: 144 m² 

 

Figure 2.7-3: 3D model of the membrane filtration unit HUBER VRM
®
 with visualisation of 

scouring air introduction 

The plant technology is equipped with sensors for online measurement of different 

parameters. In the activated sludge tank e.g. oxygen concentration, solids content and 

temperature are measured continually. The flow rate and operating pressure are also 

measured during filtration. The plant technology is intended for automatic operation and 

equipped with a system for remote data transmission and remote effective technology. 

The online transmission of parameters permits permanent tele-monitoring of the plant 

operation. Moreover, remote readjustment of operating parameters, such as pump and 

blower running times, is possible from the control station, if required. This minimises 

the need for site visits of service engineers. 

The permeate is discharged in a fixed pulse-pause mode, i.e. permeate is discharged for 

several minutes by creating reduced pressure before a filtration pause follows.  

Due to sediments and biomass growth on the membrane the flux gradually decreases 

over the course of time. In order to achieve the required permeate volume flow the 

reduced pressure of the permeate pump is nevertheless increased automatically. When 

the reduced pressure becomes too high an extra scouring phase takes place. If the 

reduced pressure exceeds a certain limit, filtration is automatically switched off. If the 

formation of covering layers progresses too far, chemical purification is carried out. The 

permeate pressure is adjusted and controlled automatically. The control philosophy is 

explained in the below diagram (Figure 2.7-4). 
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Figure 2.7-4: Philosophy Transmembrane Pressure (TMP) control 

If the pressure falls below a critical value during the filtration cycle (e.g. +100 mbar, 

adjustable) filtration is stopped and an extra scouring phase is carried out for a duration 

of about 10 minutes before filtration is restarted. 

If the reduced pressure exceeds a limit value (e.g. falls below +90 mbar), a fault 

message is displayed so that a chemical purification cycle can be carried out early 

enough. The fault message serves only as a visual display, it does not switch off the 

filtration process. 

2.7.2.2 Results of the MBR pilot plant in Germany  

The optimisation of the membrane bioreactor system was carried out successfully in 

Berching, Germany (Figure 2.7-5). The design was improved to provide an energy-

efficient system operation. 
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Figure 2.7-5: MBR pilot plant at the Berching sewage treatment plant, Germany 

The MBR pilot plant was continually operated with mechanically pre-treated sewage 

from STP Berching (mixed sewage for households and industry in the catchment area, 

see Table 2.7-1). The focus of the research in summer 2013 (June to August) was the 

investigation of the hydraulic efficiency of the membrane filtration module and the 

elimination efficiency of the MBR system. 

Table 2.7-1: Wastewater characterisation of the MBR supply during the examined period 

(random samples 06/2013-08-2013) 

Parameter Unit Max. Min. Average 

CSB mg/l 849 129 371 

NH4-N mg/l 82.4 12.1 41.5 

T-N mg/l 101 32.2 56.8 

T-PO4-P mg/l 10.1 3.4 6.1 

pH  7.8 7.7 7.75 

The HUBER VRM filtration unit continually achieved the desired filtration output. 

Over the course of the examinations the flux was at 9.0 to 11.8 l/(m² x h). On average, 

the food to microorganism ratio was at 0.15 kg COD/(kg MLSS x d) at a high sludge 

age (> 20 d). The transmembrane pressure (TMP) was in a range from 20 to 95 mbar at 

all times and thus within the regular operating range. 

The selected settings permitted a high N-elimination with near complete nitrification 

(96.5 %) and further denitrification. After a short run-in phase, the nitrate concentration 

in the discharge was less than 7.5 mg/1. The average P-elimination at 62.8 % 

corresponded to the phosphate share that was stored in the biomass for growth and 

removed by the complete biomass retention. At 95.9 %, the COD reduction was very 

high during the examined period. The permeate was solids-free at every sampling. 

All chemical-physical quality requirements for discharge of wastewater into surface 

waters in South Africa (Water Act 1956 Regulation No. 991, 1984: General Standard) 

have been complied with as of 11 July 2013 (Figure 2.7-6). 
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Figure 2.7-6: Performance of the MBR pilot plant concerning COD, June to August 2013 

By operation of a chemical precipitation section, the low ortho-phosphate value 

(1.0 mg/1) of the Special Standard (Water Act 1956 Regulation No. 991, 1984: Special 

Standard) is to be complied with in future as well (Table 2.7-2). The Special Standard 

also applies to the Loskop Dam site for the future demonstration of plant technology. 

Table 2.7-2: Statutory limits for discharge of sewage into of waterbodies in South Africa and 

achieved elimination rate of the MBR pilot plant 

(random samples 07/2013-08-2013) 

Parameter Unit 

Limits 991/1984 
Effluent quality  

(random samples) Elimination 

rate [%] General 

Standard 

Special 

Standard 
Max. Min. Average 

COD [mg/l] 75 30 21.6 8.0 15.3 95.9 

DS [mg/l] 25 10 n.n. n.n. n.n. 100 

pH  5.5–9.5 5.5–7.5 7.7  7.75 - 

NO3-N [mg/l] 15 1.5 7.5**  1.2** - 

NH4-N [mg/l] 3 2 5.6  1.1 96.5 

Chlorine 
concentration 

[mg/l] 0.25 0 -* -* -* -* 

ortho  

PO4-P 
[mg/l] 10 

1.0 (median) 

2.5 (max.) 
10.4** 5.2 7.3** 62.8 

Faecal 

coliform 

bacteria 

[per100 ml] 1000 0 - - - - 

* No chlorine dosage 

** Random samples from the test phase 11 July to 27 August 2013 
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2.7.2.3 Results of the MBR pilot plant in South Africa 

After the intensive testing period in Germany the plant was transferred to the first South 

African pilot site for demonstration purposes. 

Loskop Dam was selected as the first site for demonstrating the pilot plant (Figure 

2.7-7). A nearby private recreation resort ensures sufficient safety, provides the 

infrastructural connection required for the pilot tests and delivers the domestic 

wastewater for the plant. 

 

Figure 2.7-7: MBR pilot plant at the Forever Resort at Loskop Dam, South Africa 

Located on the waterfront the Forever Resort provides various kinds of 

accommodations, conference rooms and two swimming pools. Its guests can choose 

from a variety of leisure activities. The resort is well booked during summer, especially 

during the weekends. 

Its 68 accommodations are log cabins and chalets. Each of the 50 log cabins can house 

up to four persons whereas the 18 chalets are made for two persons each. They also 

offer accommodation in a youth hostel which is preferably used by school classes and 

backpackers. Four larger buildings are available to accommodate about 60 persons at 

the same time. Moreover, they offer about 100 sites for campers and six spacious 

washrooms for them. The number of buildings and their maximum capacities are 

summarised in Table 2.7-3. 
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Table 2.7-3: Booking figures for different Accommodation Facilities at Forever Resort 

Accommodation 
Number of 

buildings 

Capacity  

per building 

Maximum 

occupancy 
Notes 

Log cabins 50 4 200 - 

Chalets 18 2 36 - 

Youth hostel 4 15 60 - 

Conference rooms 5 20 – 60 - 
Conference room 

sizes vary 

Camp sites 100 2* 200 - 

Restaurant 1 - - 

Not connected to 

existing sewer 

system 

Administration 

building 
5 5* 25 - 

Total 183 - about 500 - 

* suggested 

All buildings are connected to the resort’s internal sewer system which delivers the 

generated wastewater to a sewage treatment plant that is located on the nearby premises 

of the Forever Loskop Dam Resort, some two kilometres from the Forever Resort. As 

the pool water and the wastewater from the restaurant are not discharged into the sewer 

system it can be ruled out that disinfectants, such as chlorine, could impair the process 

in the HUBER membrane plant. The wastewater is collected in an underground tank 

installed in the peripheral zone of the holiday resort and passes through another storage 

tank with pumping station on its way to the wastewater treatment plant (Figure 2.7-8). 

 

Figure 2.7-8: wastewater treatment at the Forever Resort at Loskop Dam, South Africa   

Collection tank 
below ground 

Buffer tank/ 
pumping station 

Irrigation tank 

Wastewater 

treatment plant 

MBR pilot plant 
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The existing wastewater treatment plant consists of a coarse screen, an aeration tank, 

two secondary settling tanks and several sludge beds. 

A separate building houses the electrical control equipment of the existing plants. The 

treated wastewater can optionally be disinfected by adding chemicals. The clarified 

wastewater is stored in an irrigation tank. The surface aerators of the aeration tank are in 

operation. The condition of the technical equipment, system operation and wastewater 

parameters are controlled by the resort on its own. 

Whilst the resort is almost fully booked during weekends and holidays, booking rates 

fall dramatically on normal weekdays. As a result, daily wastewater amounts vary 

significantly. 

A reliable general daily wastewater amount can therefore not be specified as it strongly 

depends on the resort’s occupancy rates. 

To determine the efficiency of the membrane bioreactor, samples are taken at four 

points: in the inlet to the plant (1: supply tank), in the membrane bioreactor (2: aeration 

tank, 3: filtration chamber) and in the plant outlet (4: permeate). The following pictures 

(Figure 2.7-9) show in detail where the individual samples are taken. 

 

  

Figure 2.7-9: Sample taking points outside and inside the MBR container 

All samples were taken in the morning and it was paid attention that the blowers of the 

membrane bioreactor (and drive motor of the filtration unit) were continuously in 

operation to ensure that well mixed samples of activated sludge were available for the 

tests. The random sample of permeate was taken via the sampling valve without 

interrupting filtration. The parameters of sample taking are summarised in the table 

below. 

During the first test phase (19 March to 08 April 2014) the samples were analysed in a 

mobile laboratory in cooperation with the project partner LAR/AOL. During the second 

test phase (09 September to 27 October 2014) the samples were analysed by the 

external Mpumamanzi laboratory in Middleburg. Mpumamanzi laboratory applied the 

test methods specified in Table 2.7-4. 
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Table 2.7-4: Analysis methods used in the laboratory Mpumamanzi 

Sample no. 
Analysis 

parameter 

Analysis 

method 

Pre-

treatment 
Unit 

Operating 

instructions 

1 and 4 COD HACH-LANGE none mg/l 
HACHLANGE 

LCK 514/414 

1 and 4 NH4-N Palin test  filtrated mg/l Palin PHOT.4. 

1 and 4 NO3-N Palin test filtrated  mg/l 
Palin 

PHOT.23. 

1 and 4 o-PO4-P 
flow injection 

analyser 
filtrated mg/l 

Standards 

Methodsbook 

2 and 3 microbiology 
external 

laboratory  
- - - 

2 and 3 SVI 

by means of 

sludge volume 

(using the 

dilution method)  

and DS  

none ml/g 
Standards 

Methodsbook 

2 and 3 

sludge volume 

(by the dilution 

method) 

Imhoff cone/ 

30 min 
none ml/l 

Standards 

Methodsbook 

2 and 3 DS/MLSS 
muffle furnace 

(105 °C/2 h) 
homogenisation g/l 

Standards 

Methodsbook 

2 and 3 
loss on 

ignition/MLVSS 

muffle furnace 

(550 °C/2 h) 
homogenisation g/l 

Standards 

Methodsbook 

All pH/conductivity 
portable probe 

HACH-LANGE 
None -/ HACH-LANGE 

4 E. coli. - None 
in 100 

ml 
- 

1
 Sludge Volume Index (SVI) 

2 
Dry Solids (DS) 

3
 Mixed Liquor Suspended Solids (MLSS) 

4
 Mixed Liquor Volatile Suspended Solids (MLVSS) 

 

The MBR pilot plant was continuously operated with wastewater from the storage tank 

of the Forever Resort Loskop Dam. The properties of the flow to the MBR during the 

second test phase are specified in detail in Table 2.7-5. 
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Table 2.7-5: Analysis results obtained during the second test period 

(Sept. 09 to Oct. 27, 2014) 

Date pH 
COD  

[mg/L] 
E. coli. 

NH4-N 

[mg/L] 

PO4-P 

[mg/L] 

NO3-N 

[mg/L] 

 

 

Feed Per. Feed Per. Feed Per. Feed Per. Feed Per. Feed Per. 

09/09/14* 7.2 6.1 349 10.0 - 0 41.6 0.3 4.9 4.6 - 35.4 

10/10/14* 7.4 4.5 550 38.5 - 2 36.0 2.0 1.02 1.2 - 34.0 

16/10/14 7.7 4.6 312 36.0 - 2 16.0 1.0 0.72 1.1 3.3 59.0 

20/10/14 7.5 4.7 236 37.8 - 0 40.0 1.0 0.95 1.0 18.0 0.9 

23/10/14 7.1 6.1 324 23.0 - 4 14.0 0.4 0.99 0.7 20. 4. 

27/10/14 7.3 6.7 383 18.5 - 0 44.0 1.3 0.95 0.7 0.26 38.0 

Average 7.4 5.5 354 29.0 - 1.6 29.5 0.9 1.7 1.7 13.8 26.7 

* Sample taken by HUBER South Africa 

 

The flow to the MBR plant showed a low average COD concentration of 354 mg/l. One 

reason for this low concentration was the low occupancy of the resort, which sometimes 

falls below 100 guests a day outside holidays. Another reason for the low value is 

separate disposal of kitchen wastewater which ensures that a lot of the grease and other 

organics do not end up in the wastewater. 

With the nutrient ratio that was present during the test phase a well working biocoenosis 

developed. The system operated in a stable way over the entire test period and the 

effluent was always free of solids and virtually germ-free. Effluent quality met the COD 

requirements for the discharge to surface waters according to the South African Water 

Act 1956 Regulation No. 991, 1984: General Standard (Table 2.7-6). 
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Table 2.7-6: South African Standard for discharging wastewater to surface waters and 

effluent properties of the MBR plant 

(random samples taken between 09 Sep. 28 and Oct. 2014) 

Parameter Unit 
South African Standard 

Results  

(09/09/–27/10/14) 

General Special Max. Min. ⌀  

COD [mg/l] 75 30 38.5 10 29.1 

pH - 5.5–9.5 5.5–7.5 6.1 4.5 5.5 

NH4-N [mg/l] 3 2 2 0.3 0.9 

PO4-P [mg/l] 10 2.5 4.6 0.7 1.7 

NO3-N [mg/l] 15 1.5 59.0 0.9 26.8 

E. coli. [per 100 

ml] 
1000 0 4 0 1.6 

 

During this test phase the limit values of the South African Standard for discharging 

wastewater to surface waters were met in terms of COD, pH, ammonium and 

phosphate. Complete denitrification could only be proven on single days (20 and 

23 October 2014). The minimum exceedance of E. coli levels can be explained through 

contamination during sample taking or analysis, as a one hundred percent sterile 

treatment of the samples could not be ensured. 

A local employee of the Forever Resort Loskop Dam took care of plant maintenance 

with the help of a newly created check list which hung in the associated equipment 

room and was filled in weekly. 

2.7.2.4 E-Learning 

A lot of information, such as knowledge base and product information, is very well 

suitable to be transferred into an E-learning unit. Especially if the same information has 

to be communicated to different people and contents hardly change, an E-learning unit 

facilitates the transfer of knowledge. E-learning is especially suitable as introductory 

training for new employees. 

E-learning information is presented in an easily understandable form and the knowledge 

can be acquired through self-study. The learning success is assessed by means of 

control questions which are asked at the end of the learning unit. Such an E-learning 

unit was for example developed for the MBR pilot plant in South Africa (Figure 2.7-10) 

and its operation. The unit initially explains the design and operating mode of the MBR 

plant and then goes into the detail regarding the individual cleaning stages and process 

control. 
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Figure 2.7-10: Copy of a part of the E-learning unit “MBR pilot plant, container design, 

project IWRM South Africa” 

2.7.3 Outcome and Impact  

The combination of aeration and membrane ultrafiltration has proven to be a suitable 

solution for wastewater treatment if the treated effluent is to be reused for waterbodies. 

The membrane module design with modified scouring air system has proven its 

efficiency in practice. The new design ensures high operation efficiency and 

continuously high filtration efficiency with a low scouring air demand. 

The required N elimination can be achieved through adequate control of the intermittent 

denitrification process. In addition, membrane ultrafiltration ensures the reliable 

elimination of particles, worm eggs and bacteria as these substances have a size that 

enables a complete retention. Due to the use of the optimised MBR system almost all 

quality requirements for surface waters according to South African Standard (Water Act 

1956 Regulation no. 991, 1984: General Standard) are reliably met. 
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When taking inventory of many sewage treatment plants in the Olifants catchment area, 

it was found that the membrane-technology can bring considerable economic benefits 

compared to conventional plant refurbishment under certain framework conditions 

(Figure 2.7-11). Specifically, where 

 it is cheaper than conventional plant refurbishment (under specific conditions), 

 repair/maintenance refers to many buildings and equipment parts (that are no 

longer needed with membrane biology, e.g. at a subsequent clarification), 

 other modernisation in addition to simple repair are pending (e.g. for power-

saving pumps and fans), 

 capacity increase is required at the same time (which is possible with space-

saving membrane biology without terrain expansion), and 

 the sewage that has been cleaned particularly well by membrane biology can be 

used e.g. for agricultural irrigation at the same time, 

a considerable financial and ecological benefit results. 

 

Figure 2.7-11: Improvement of defective sewage treatment plants: cost comparison for a 

sewage treatment plant in the Olifants region, South Africa 

 (Source: MOSA Refurbishment Concept, see Chapter 2.6, Table 2.6-13b) 
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