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REMONDIS Aqua is one of the leading companies in terms of environmental services 

and specialists when it comes to high quality water – no matter whether it involves 

exemplary water supply systems, meticulous wastewater treatment processes or 

building and operating water facilities. Being an international company, REMONDIS 

develops high quality solutions for each specific application and delivers efficient, 

sustainable and cost-effective concepts for industrial customers as well as for the public 

sector.  

2.6.1 Introduction 

In many cases deficiencies in maintenance and operations are a critical success factor 

for the implementation of IWRM. Because of that, operational concepts with respect to 

local circumstances play a key role for the joint research project MOSA. A lack of 

proficient wastewater treatment plants negatively impacts water quality standards in the 

Middle Olifants catchment area. An analysis of the given situation by REMONDIS has 

shown that the majority of the wastewater treatment plants (WWTP) in the region have 

a wastewater risk rating of over 70 %. Thus, the operational results of these plants are 

more than poor and do not meet legal standards of water quality. 

These results fit the broader picture of the given state of wastewater treatment 

infrastructure in South Africa. According to the 2011 Green Drop Report more than 

50 % of the 821 country’s wastewater treatment plants (WWTPs) do not meet water 

quality standards, most of these are located in rural areas (DWA 2011). A report to the 

Water Research Commission states that “it is the deficit in asset management, plant 

operation and maintenance (O&M) within the public entities that leads to the deviation 

of the existing water infrastructure and in return to water quality problems and 

insufficient water services” (Wall & Ive 2013, p. 36). 

Other hurdles are missing financial sustainability due to low revenue collections and 

absent financial leadership. Beside the fact that it seems almost impossible to cover all 

O&M costs through existing in-house cash flows, municipalities also lack know-how in 

budget planning, funding processes and debt management (e.g. Hollingworth et al. 

2011, p. 5). In view of that, there is a strong need for capacity building ranging from 

management skills to adequate plant operations and maintenance on the ground. This 

also includes improved information management and monitoring functions such as data 

collection and processing regarding water quality. 

On this basis REMONDIS research work seeks to support local municipalities and local 

bodies with responsibility for water management, including in cooperation with PPP 
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models or water franchise concepts to better perform wastewater management tasks and 

to improve wastewater treatment in the region. In principle, all users in a catchment area 

can benefit from the developed solutions for improved wastewater management. This 

applies especially to inhabitants while improving the sanitation service, to industry 

while getting access to additional water resources or for compensation and to 

agriculture in terms of water management and resource availability. 

To reach this goal REMONDIS focused on all measures concerning sustainable utility 

management (both technical operation and economic management) and to verify them 

from an industrial point of view. In this context REMONDIS followed a three-fold 

strategy: 

1) In-depth on-site water infrastructure analysis on the district level with respect to 

local planning and development based on individual local cooperation 

(economic, overall infrastructure, population). This on-site water infrastructure 

study on the district level included the evaluation of the technical equipment as 

well as local planning and development in regard to population measures and 

local requirements (such as special water quality standards for defined areas 

considering special water quality regulations). Out of this, different 

improvement schemes were developed based on the setup of local resources and 

technical capacity development focusing on sustainable plant management and 

operation of water management infrastructure as a part of IWRM for selected 

aspects in the framework of a management model in selected districts. 

2) Development of a refurbishment programme together with IEEM and HUBER 

combined with an investment scheme for sustainable operation of water 

infrastructure with respect to local conditions and asset lifespan. 

3) Refurbishment concepts for selected WWTPs and operations handbook/toolbox 

(e.g. handover of optimisation concept to Thembisile Hani LM in October 2014) 

and on-site training sessions on operations and maintenance (e.g. training 

session to local operators on site Tweefontein K WWTP in May 2015). 

The overall results are summarised in a Preliminary Survey Report of STPs in the 

Clusters 1 to 3 (see Figure 2.6-1 – the full version is available upon request), a 

refurbishment concept and investment scheme for WWTPs discussed by means of a 

case study on the WWTP Groblersdal in South Africa (see Chapter 2.6.2 and 2.6.3) and 

a Handbook for Sustainable Operation and Maintenance of Wastewater Facilities 

compiling different examples from best practice procedures to utilise existing infra-

structure and to maximise or extend current facility setup as per local demand (see 

Figure 2.6-2 – the full version is available upon request). The refurbishment concept 

and investment scheme for the wastewater treatment plant will be presented in the next 

chapter. 

The Case Study presented was chosen to evaluate and compare different refurbishment 

scenarios in regard to the second edition of the National Water Resources Strategy 

(NWRS 2): 

1) Appropriate technology and value engineering, 

2) Functionality and infrastructures asset management, 

3) Infrastructure development, operation and maintenance (DWA 2012, p. 26–27). 
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The technical appraisal was complemented by an economic assessment, which was 

undertaken according to local investment priorities. For that purpose REMONDIS 

worked closely with IEEM, who developed a financial assessment tool that can be used 

to evaluate the costs and benefits of refurbishment programmes (see Chapter 2.5). 

However, the costs of implementation will always depend on the specific size of the 

region, the involved participants and the segments of the value chain in water 

management. 

 

Figure 2.6-1: Example: Analysis of WWTPs, extract from Preliminary Survey Report 
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Figure 2.6-2: Problem Management – Aeration Problems 

 Extract from Handbook for Sustainable O&M of Wastewater Facilities 

2.6.2 The Refurbishment Concept 

Water quality issues and water scarcity in South Africa can be tackled to a great extend 

through the implementation of comprehensive refurbishment and management concepts 

for the existing WWTPs. In view of that REMONDIS together with HUBER and IEEM 

developed a comprehensive refurbishment programme that focused on both, physical 

improvement as well as institutional capacity development. 

It was evaluated that the wastewater treatment plants, which have been studied in the 

project region of the Middle Olifants, produce deficient results because of:  

 A lack of capacity in operation and maintenance  

 Overload of treatment facilities (hydraulic and organic load)  

 Stolen and rotten equipment, safety issues  

 Missing responsibility and ownership 

 Missing administration know-how (incl. sustainable budgeting and investment)  

REMONDIS sees a great opportunity for water quality output improvement through 

technical process “optimisation” and capacity building in operations. In consequence a 

refurbishment programme that can enhance the technical and operational sustainability 

of the treatment plants and improve financial sustainability of the utilities in the long 

run was developed.   
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The Refurbishment Programme consists of the following optional phases:  

1
st
 Phase: Partnering with local municipalities (preferably involving SALGA), 

Department of Public Works or other water service providers. 

2
nd

 Phase: Identify, together with partners, wastewater treatment plants, which are in 

need of refurbishment or are malfunctioning. 

3
rd

 Phase: Assessment of status quo, requirements and technical/financial/institutional 

conditions for refurbishment concepts 

4
th

 Phase: TECHNICAL CONCEPT: elaboration of a refurbishment pre-design with 

indicative BoQ (bill of quantities) and estimate of CAPEX and OPEX 

1) Outline of feasible options, like 

 Concept 1: repair as designed 

 Concept 2: refurbishment plus improvements 

 Concept 3: refurbishment plus extension 

 Concept 4: MBR conversion plus water reuse 

2) Selection and concept design 

The decision for a specific concept and the associated investment will be based on a 

cost and benefit analysis, taking into account not only financial measures but also 

physical measures in terms of technological suitability and managerial efforts that 

would apply to the operation and maintenance of the infrastructure. 

For a deeper understanding of the concepts please find a case study for the WWTP of 

Groblersdal attached. 

5
th

 Phase: MANAGEMENT CONCEPT: elaboration of a sustainable operation and 

maintenance scheme. 

Outline of feasible options, like 

 Concept 1: involvement of professional WWTP operator (e.g. REMONDIS ZA) 

 Concept 2: involvement of franchise operator (e.g. local service provider with 

GWFA) 

 Concept 3: capacity building for municipal operator (training and 

incentivisation) 

6
th

 Phase: FINANCING CONCEPT, which would include:  

 Scouting sources of financing 

 Coordinating project development as potential sponsors, with municipal 

beneficiary candidates and relevant stakeholders 

 Elaborate WWTP business plan with expenditures (OPEX and CAPEX), 

revenues (grants, wastewater tariffs, reuse water tariffs, other income) etc.  

  



MOSA – Phase II Summary Report 

7
th

 Phase: Completion of project development, applications for public permission, 

procurement/contracting, project implementation for technical and management 

concepts, project monitoring and supervision etc. 

8
th

 Phase: Supportive Measures: 

 Operative Capacity Development 

1) Provide workshops for wastewater treatment 

2) Structure and reconcile a franchise business model for application on site 

 Strategic Capacity Development Measures 

3) Establish stakeholder dialog on half year basis  

4) Develop certification workshop 

Expected Outcome/Impact (depend on phases and additional services provided) 

The programme aims to mitigate water pollution and improve water services through 

the implementation of sustainable refurbishment concepts for WWTPs adopted to local 

requirements and needs. Moreover, the workshops will lead to knowledge transfer in 

order to empower the responsible agents to operate the existing wastewater treatment 

plants in a sustainable manner. Furthermore, strategic stakeholder dialogs will support 

municipalities to better understand the social and environmental costs of not 

establishing effective wastewater management systems. Institutional capacity in 

wastewater management will improve. 

A practical implementation of the MOSA refurbishment concept is presented in the 

following case study. 
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2.6.3 Case Study: 

Modernisation of the Sewage Treatment Plant Groblersdal 

 

Figure 2.6-3: Groblersdal STP, aerial view 

 (Google Maps) 

2.6.3.1 Introduction to the STP Groblersdal 

General Information: 

The Groblersdal STP (Figure 2.6-3) was constructed for the treatment of wastewater 

generated in the town of Groblersdal. The town of Groblersdal is a small farming town 

located in the Elias Motsoale Local Municipality which is part of the Greater 

Sekhukhune District Municipality in the province of Limpopo, South Africa. 

Groblersdal has population of approximately 6400 people. There are approximately 

1530 households and 82 % of these have access to piped water and to sanitation. 

The Groblersdal STP is located on the outskirts of the town of Groblersdal and can be 

found on Google Maps using the location coordinates “-25.145285, 29.391246”. 

The treated wastewater is partially used for irrigation by farmers and the rest of it is 

discharged into the Olifants. The operation and the management of the Groblersdal STP 

is the responsibility of the local municipality. The STP is monitored by a water quality 

manager – Mr Thomas Sekoati. During the MOSA project we managed to visit the STP 

several times. 

Information from Green Drop Report 2011: 

As part of the South African Department of Water Affairs initiative – the Green Drop 

Report, the setup and the overall performance of STP Groblersdal were evaluated. 

However, the information about the plant is limited. The Groblersdal STP is based on 

the activated sludge process. The plant has a design capacity of 5 MLD, currently it is 

unknown what the operation capacity is. The overall Green Drop Score reached, was 
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51.2 %, which represents a very poor performance. Furthermore, the max. risk rating of 

88.9 % is a clear indication of the critical state of the STP Groblersdal. 

Plant flowchart and process: 

The Groblersdal STP is an activated sludge plant followed by a system of polishing 

ponds. The plant design is based on the University of Cape Town process (UCT 

process). The plant set-up is: 

 Manual bar screen on the bypass 

 Automatic screen with dewatering screw 

 2 cylindrical grit traps  

 Grit classifier 

 Flow meter 

 Anoxic tank with 3 surface agitators. The tank has approximate dimensions of 

8 x 25 x 4 m. The surface agitators are installed on platforms. Each agitator is 

powered by a 5.5 kW motor. 

 Anaerobic tank (denitrification) with 3 surface agitators. The tank has 

approximate dimensions of 10 x 30 x 4 m. The surface agitators are installed on 

platforms. Each agitator is powered by a 5.5 kW motor. 

 Aeration tank (nitrification) with 2 surface aerators. The tank has approximate 

dimensions of 12 x 25 x 4 m. The surface aerators are installed on platforms. 

Each surface aerator is powered by a 30 kW motor. 

 2 final clarifiers with diameters of 15 and 17 m and depth of 2.5 m. Both 

clarifiers are equipped with bottom and surface sludge rakes and movable 

bridge. 

 Sludge recirculation pump station with 5 pumps 

 Aerobic sludge stabilisation with 2 surface aerators. The tank has approximate 

dimensions of 40 x 25 x 0.5 m. The surface aerators are floating type. Each 

aerator is powered by a 30 kW motor. 

 Pumping station with 3 submerged pumps for internal sludge recycling 

 Chlorine dosing station 

 Chlorine contact tank 

 7 polishing ponds 

 3 storage ponds (for irrigation) 

The Groblersdal STP is designed in such a way that the inflow from the town of 

Groblersdal flows by gravity through the mechanical pre-treatment and the biological 

tanks, eventually reaching the polishing ponds and the Olifants (Figure 2.6-4). 

The excess sludge is to be aerobically stabilised in the open ponds with artificial 

aeration and then transferred to sludge maturation ponds. 
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Figure 2.6-4: Groblersdal STP by design 

 (Compiled by the authors) 

Based on available equipment data and the size of the civil structures, we did an initial 

calculation of the STP capacity. We inferred that the current design of the STP 

Groblersdal was suitable for the treatment of either: 

 1.5 MLD with inflow COD concentration of 1000 mg/L and BOD5 – 500 mg/L 

(1500 kg COD/d and 750 kg BOD5/d) 

 5.0 MLD with inflow COD concentration of 300 mg/L and BOD – 150 mg/L 

(1500 kg COD/d and 750 kg BOD5/d) 
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Actual situation at the STP Groblersdal 

During our last site visit in March 2014 we found out that some of the equipment had 

been stolen. Due to the missing pumps the plant was not operating properly (Figure 

2.6-5). The wastewater was not treated and the outflow was the same as the inflow. 

1) The automated bar screen was not working. The electric connection of the 

screen had been severed and the screen was blocked. The manual bar screen in 

the bypass was cleaned regularly, however it could not prevent all paper and 

plastic waste from reaching the biological tanks. 

2) The grit trap was full and no grit had been removed. The motor for the pump to 

the grit classifier had been stolen and not replaced, allowing for the 

accumulation of grit inside the trap. Although manual removal of grit is 

possible, it had not been done. 

3) Out of the 6 agitators in the anoxic and the anaerobic tank none was operational. 

The motors were stolen and the ones which had been replaced were not 

connected. No active sludge was present in both the tanks. 

4) The surface aerators in the aeration tank were operational. No active sludge was 

present. 

5) The motors of the submerged pumps for internal recirculation between the 

aerated and the anoxic tanks had been stolen and not replaced.  

6) The motors of the dry-well pumps for sludge recirculation between the 

secondary clarifiers and the aerated tanks were stolen as well. Thus the active 

sludge could not be retained in the biological tanks and was flowing out of the 

STP system. Consequently the whole STP was not working properly. 

7) The sludge rakes in the secondary clarifiers were switched off. 

8) The chlorine disinfection was not working due to lack of chemicals 

9) The installed flow meters were not working. The electric connection was 

severed. 

10) No sludge had been wasted and the aerobic sludge stabilisation pond with the 

two surface aerators was not operational. 

11) We did not find any records about the plant operation or management. The 

operators did not note the flow rate or the electric and chemical consumption. 

Furthermore, no laboratory analysis had been done, so it was unclear what the 

exact loading of the plant was or its performance. 

Based on our visit, we claim that the Groblersdal STP is neither equipped nor operated 

in a way which allows for the proper treatment of the wastewater and its discharge in 

the Olifants. Unless urgent modernisation and replacement of the equipment is 

undertaken, the plant will continue to pose a threat to the health of downstream 

inhabitants and to the Olifants ecosystem. 
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Figure 2.6-5: Groblersdal STP actual condition (March 2014) 

 (Compiled by the authors) 

  



MOSA – Phase II Summary Report 

2.6.3.2 Modernisation Concept I: Replacement of missing equipment 

Concept I requires the replacement of missing and the installation of new equipment 

(Figure 2.6-6). Thus facilitating the STP operation and increasing its treatment capacity.  

 

Figure 2.6-6: Groblersdal STP modernisation concept I – Repair as designed 

 (Compiled by the authors) 

By converting the anoxic tank into anaerobic tank and the anaerobic tank into aeration 

tank, the capacity of the STP Groblersdal can be increased. The modernised STP will be 

sufficient for a population equivalent of 25,000 people or will be able to treat either: 

 2.5 MLD with inflow COD concentration of 1,000 mg/L and BOD5 – 500 mg/L 

(2,500 kg COD/d and 1,250 kg BOD5/d) 

 5.0 MLD with inflow COD concentration of 500 mg/L and BOD5 – 250 mg/L 

(2,500 kg COD/d and 1,250 kg BOD5/d) 
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Table 2.6-1: Concept I – equipment list 

Pos. Equipment list – Concept I Specifications Number 

1.0 Mechanical pre-treatment   

1.1 Pumps for the grit classifier  5 m³/h; 4 m head 2 

1.2 Flow meter  0–250 m³/h 1 

2.0 Activated sludge process   

2.1 Motors for the agitators 5.5 kW 4 

2.2 Surface aerators 30 kW 2 

2.3 Dissolved oxygen meter  2 

2.4 Submerged pumps for internal sludge 

recirculation  
50 m³/h; head 2 m 2 

3.0 Secondary clarifier   

3.1 Dry well pumps for sludge recirculation  30 m³/h; head 6 m 5 

3.2 Valve excess sludge DN50 1 

3.3 Flow meters 0–250 m³/h 2 

4.0 Chlorination station   

4.1 Chlorine dosing equipment  100 m³/h wastewater 1 

5.0 Miscellaneous    

5.1 Fencing  2,0 m height; 500 m 

length 
1 

5.2 CCTV system For 16,000 m² 1 

5.3 Alarm system in the central building  1 

5.4 Laboratory equipment Basic analysis 1 

5.5 Piping (Stainless steel or HDPE) DN150 300 

6.0 Automation of the plant  1 

7.0 Installation of the equipment  1 

8.0 
Planning, supervision, commissioning, 

training 
 1 

* The equipment list includes all the equipment required for the modernisation of 

the STP Groblersdal according to the concept I. 
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Table 2.6-2: Concept I – required investment (CAPEX) 

Pos. Concept I – Equipment List Total price ZAR Total price € 

1.0 Mechanical pre-treatment     

1.1 Pumps for grit classifier 30,000 2,000 

1.2 Flow meter 26,703 1,780 

2.0 Activated sludge process     

2.1 Motors for the agitators 48,000 3,200 

2.2 Surface aerators 54,000 3,600 

2.3 Dissolved oxygen meter 35,187 2,346 

2.4 Submerged pumps for internal sludge 

recirculation 
32,502 2,167 

3.0 Secondary clarifier     

3.1 Dry well pumps for sludge recirculation 225,000 15,000 

3.2 Valve excess sludge 3,750 250 

3.3 Flow meters 53,406 3,560 

4.0 Chlorination station     

4.1 Chlorine dosing equipment 339,510 22,634 

5.0 Miscellaneous     

5.1 Fencing 166,100 11,073 

5.2 CCTV system 25,985 1,732 

5.3 Alarm system in the central building 22,374 1,492 

5.4 Laboratory equipment 150,000 10,000 

5.5 Piping (Stainless steel or HDPE) 450,000 30,000 

6.0 Automation of the plant 83,126 5,542 

7.0 Installation of the equipment 174,564 11,638 

8.0 Planning, supervision, commissioning, 

training 
384,041 25,603 

 Total 2,304,249 153,617 

For a 5 year return of investment and 10 % interest rate, the above Investment will be 

equivalent to CAPEX of 552,595 ZAR/a (or 36,839 €/a). If we assume an inflow of 

2.5 MLD, then the CAPEX for wastewater treatment at the Groblersdal STP will be 

0.61 ZAR/m³. Related to the COD load, the CAPEX for wastewater treatment at the 

Groblersdal STP will be 0.61 ZAR/kg COD. 

At a population equivalent of 25,000 people, the CAPEX for wastewater treatment at 

the Groblersdal STP will be 22.1 ZAR per person per year. 
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Table 2.6-3: Concept I – required operational expenses (OPEX) 

Pos. Concept I – Operational expenses Units/a Price 

ZAR/unit 

Total 

cost 

ZAR/a 

Total 

cost €/a 

1 Maintenance, civil structures 2 %   3,491  233  

2 Maintenance, mechanical equipment  4 %   15,362  1,024  

3 Insurance 2 %   46,085  3,072  

4 Manpower 13 108,000  1,404,000  93,600  

5 Work materials 

(phone, clothes, hand gloves, etc.) 
13 3,000  39,000  2,600  

6 Electricity 1,400 

MWh 
1,000  1,400,000  93,333  

7 Chlorine for disinfection 4,600 

kg 
8  36,800  2,453  

8 Other chemicals 1 10,000  10,000  667  

9 Laboratory analysis 365 80  29,200  1,947  

10 Disposal of grit/sludge/waste at a 

landfill 
4,380 150  657,000  43,800  

  TOTAL    3,640,938  242,729  

If we assume an inflow of 2.5 MLD, then the OPEX for wastewater treatment at the 

Groblersdal STP will be 3.99 ZAR/m³ (or 0.26 €/m³). 

Related to the COD load, the OPEX for wastewater treatment at the Groblersdal STP 

will 3.99 ZAR/kg COD. 

At a population equivalent of 25,000 people, the OPEX for wastewater treatment at the 

Groblersdal STP will be 145.6 ZAR per person per year. 
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2.6.3.3 Modernisation Concept II: Refurbishment: 

Installing aeration blowers 

Concept II requires the replacement of all missing equipment. Furthermore this concept 

is targeted at the reduction of electric energy consumption. That is why the surface 

aerators are to be replaced by a system of aeration blower and fine bubble aeration 

diffusers. The fine bubble aeration diffusers can supply oxygen more efficiently and the 

installation of new equipment. Thus facilitating the STP operation and increasing its 

treatment capacity. 

By converting the anoxic tank into an anaerobic tank and the anaerobic tank into an 

aeration tank, the capacity of the STP Groblersdal can be increased. The modernised 

STP will be sufficient for a population equivalent of 25,000 people or will be able to 

treat either: 

 2.5 MLD with inflow COD concentration of 1,000 mg/L and BOD5 – 500 mg/L 

(2,500 kg COD/d and 1,250 kg BOD5/d) 

 5.0 MLD with inflow COD concentration of 500 mg/L and BOD5 – 250 mg/L 

(2,500 kg COD/d and 1,250 kg BOD5/d) 

 

Figure 2.6-7: Groblersdal STP modernisation concept II - Refurbishment 

 (Compiled by the authors) 
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Table 2.6-4: Concept II – equipment list 

Pos. Equipment list – Concept II Specifications Number 

1.0 Mechanical pre-treatment   

1.1 Pumps for the grit classifier  5 m³/h; 4 m head 2 

1.2 Flow meter  0–250 m³/h 1 

2.0 Activated sludge process   

2.1 Motors for the agitators 5.5 kW 3 

2.2 Air blower (Aerzen GM50L, etc.) 55m³/min 0.4 bar 1 

2.3 Fine-bubble aeration diffusers 16 m³/h*m 276 

2.4 Aeration grid  DN200 150 

2.5 Dissolved oxygen meter  2 

2.6 Submerged pumps for internal sludge 

recirculation 
50 m³/h; head 2 m 2 

3.0 Secondary clarifier   

3.1 Dry well pumps for sludge recirculation  30 m³/h; head 6 m 5 

3.2 Valve excess sludge DN50 1 

3.3 Flow meters 0–250 m³/h 2 

4.0 Chlorination station   

4.1 Chlorine dosing equipment  100 m³/h wastewater 1 

5.0 Miscellaneous    

5.1 Fencing  2 m height; 500 m 

length 
1 

5.2 CCTV system For 16,000 m² 1 

5.3 Alarm system in the central building  1 

5.4 Laboratory equipment Basic analysis 1 

5.5 Piping (Stainless steel or HDPE) DN150 300 

6.0 Automation of the plant  1 

7.0 Installation of the equipment  1 

8.0 Planning, supervision, commissioning, 

training 
 1 
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Table 2.6-5: Concept II – required investment (CAPEX) 

Pos. Concept II – Equipment List Total Price 

ZAR 

Total Price 

€ 

1.0 Mechanical pre-treatment     

1.1 Pumps for grit classifier 30,000 2,000 

1.2 Flow meter 26,703 1,780 

2.0 Activated sludge process     

2.1 Motors for the agitators 36,000 2,400 

2.2 Air blower (Aerzen GM50L, etc.) 500,000 33,333 

2.3 Fine-bubble aeration diffusers 500,400 33,360 

2.4 Aeration grid 375,000 25,000 

2.5 Dissolved oxygen meter 35,187 2,346 

2.6 Submerged pumps for internal sludge 

recirculation 
32,502 2,167 

3.0 Secondary clarifier     

3.1 Dry well pumps for sludge recirculation 225,000 15,000 

3.2 Valve excess sludge 3,750 250 

3.3 Flow meters 53,406 3,560 

4.0 Chlorination station     

4.1 Chlorine dosing equipment 339,510 22,634 

5.0 Miscellaneous     

5.1 Fencing 166,100 11,073 

5.2 CCTV system 25,985 1,732 

5.3 Alarm system in the central building 22,374 1,492 

5.4 Laboratory equipment 150,000 10,000 

5.5 Piping (Stainless steel or HDPE) 450,000 30,000 

6.0 Automation of the plant 148,596 9,906 

7.0 Installation of the equipment 312,051 20,803 

8.0 

Planning, supervision, commissioning, 

training 
686,513 45,768 

  Total 4,119,077 274,605 

For a 5 year return of investment and 10 % interest rate, the above Investment will be 

equivalent to CAPEX of 987,820 ZAR/a (or 65,854 €/a). 
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If we assume an inflow of 2.5 MLD, then the CAPEX for wastewater treatment at the 

Groblersdal STP will be 1.08 ZAR/m³. In relation to the COD load, the CAPEX for 

wastewater treatment at the Groblersdal STP will be 1.08 ZAR/kg COD. 

At a population equivalent of 25,000 people, the CAPEX for wastewater treatment at 

the Groblersdal STP will be 39.5 ZAR per person per year. 

Table 2.6-6: Concept II – required operational expenses (OPEX) 

Pos. Concept II – Operational expenses Units/a Price 

ZAR/unit 

Total 

cost 

ZAR/a 

Total 

cost €/a 

1 Maintenance civil structures 2 %   82,382  5,492  

2 Maintenance mechanical equipment  4 %   164,763  10,984  

3 Insurance 2 %   82,382  5,492  

4 Manpower 13 108,000  1,404,000  93,600  

5 Work materials 

(phone, clothes, hand gloves, etc.) 
13 3,000  39,000  2,600  

6 Electricity 700 MWh 1,000  700,000  46,667  

7 Chlorine for disinfection 4,600 kg 8  36,800  2,453  

8 Other chemicals 1 10,000  10,000  667  

9 Laboratory analysis 365 80  29,200  1,947  

10 Disposal of grit/sludge/waste at a 

landfill 
4.380 150  657,000  43,800  

  TOTAL    3,205,527 213,702 

If we assume an inflow of 2.5 MLD, then the OPEX for wastewater treatment at the 

Groblersdal STP will be 3.51 ZAR/m³. 

Related to the COD load, the OPEX for wastewater treatment at the Groblersdal STP 

will be 3.51 ZAR/kg COD. 

At a population equivalent of 25,000 people, the OPEX for wastewater treatment at the 

Groblersdal STP will be 128.2 ZAR per person per year. 

The advantages of concept II over concept I are the low electricity demand and thus 

lower costs per m³ of wastewater. At 2.5 MLD the implementation of concept II will 

lead to savings of approximately 9,125 ZAR/a (608 €/a). Furthermore the 

implementation of concept II is associated with increased energy efficiency. 
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2.6.3.4 Modernisation Concept III: Refurbishment plus extension  

Concept III requires the replacement of missing and the installation of new equipment 

(Figure 2.6-8). Thus facilitating the STP operation and increasing its treatment capacity. 

By converting the anoxic tank into an anaerobic tank and the anaerobic tank into an 

aeration tank, the capacity of the STP Groblersdal can be increased. The modernised 

STP will be sufficient for a population equivalent of 80 000 people or will be able to 

treat either: 

 5.0 MLD with inflow COD concentration of 1,600 mg/L and BOD5 – 800 mg/L 

(8,000 kg COD/d and 4,000 kg BOD5/d) 

 8.0 MLD with inflow COD concentration of 1,000 mg/L and BOD5 – 500 mg/L 

(8,000 kg COD/d and 4,000 kg BOD5/d) 

 

Figure 2.6-8: Groblersdal STP modernisation concept III – Refurbishment plus Extension 

 (Compiled by the authors) 
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Table 2.6-7: Concept III – equipment list 

Pos. Equipment list – Concept III Specifications Number 

1.0 Mechanical pre-treatment    

1.1 Pumps for the grit classifier  10 m³/h; 4 m head 2 

1.2 Flow meter  0–500 m³/h 1 

2.0 Activated sludge process    

2.1 Motors for the agitators 5.5 kW 3 

2.2 Air blower (Aerzen GM50L, etc.) 55m³/min 0.4 bar 4 

2.3 Fine-bubble aeration diffusers 16 m³/h*m 1100 

2.4 Aeration grid  DN400 50 

2.5 Aeration grid  DN250 100 

2.6 Aeration grid  DN100 100 

2.7 Dissolved oxygen meter   2 

2.8 Submerged pumps for internal sludge 

recirculation 

160 m³/h; head 2 m 

2 

3.0 UF membranes in sec. clarifiers    

3.1 TMR140-200W (210 m³/d) 210 m³/d 50 

3.2 Dry well pumps for permeate 200 m³/h; head 4 m 3 

3.3 Air blower (Aerzen GM50L, etc.) 55m³/min 0.4 bar 1 

3.4 Dry well pumps for sludge recirculation  100 m³/h; head 6 m 4 

3.5 Valve excess sludge DN150 1 

3.6 Flow meters 0–500 m³/h 2 

4.0 Chlorination station    

4.1 Chlorine dosing equipment  400 m³/h wastewater 1 

5.0 Miscellaneous     

5.1 Fencing  2 m height; 500 m 

length 

1 

5.2 CCTV system For 16,000 m² 1 

5.3 Alarm system in the central building   1 

5.4 Laboratory equipment Basic analysis 1 

5.5 Piping (Stainless steel or HDPE) DN150 400 

6.0 Automation of the plant   1 

7.0 Installation of the equipment   1 

8.0 Planning, supervision, commissioning, 

training 

  1 
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Table 2.6-8: Concept III – required investment (CAPEX) 

Pos. Concept III – Equipment List Total Price 

ZAR 

Total Price 

€ 

1.0 Mechanical pre-treatment     

1.1 Pumps for grit classifier 45,000 3,000 

1.2 Flow meter 36,955 2,464 

2.0 Activated sludge process     

2.1 Motors for the agitators 36,000 2,400 

2.2 Air blower (Aerzen GM50L, etc.) 2,000,000 133,333 

2.3 Fine-bubble aeration diffusers 500,400 33,360 

2.4 Aeration grid 300,000 20,000 

2.5 Aeration grid 375,000 25,000 

2.6 Aeration grid 150,000 10,000 

2.7 Dissolved oxygen meter 35,187 2,346 

2.8 

Submerged pumps for internal sludge 

recirculation 32,502 2,167 

3.0 UF membranes in sec. Clarifiers     

3.1 TMR 140-200W (50 x 210 m³/d) 12,712,500 847,500 

3.2 Dry well pumps for permeate 360,000 24,000 

3.3 Air blower 500,000 33,333 

3.4 Dry well pumps for sludge recirculation 420,000 28,000 

3.5 Valve excess sludge 3,750 250 

3.6 Flow meters 73,910 4,927 

4.0 Chlorine station     

4.1 Chlorine dosing equipment     

5.0 Miscellaneous     

5.1 Fencing 166,100 11,073 

5.2 CCTV system 25,985 1,732 

5.3 Alarm system in the central building 22,374 1,492 

5.4 Laboratory equipment 150,000 10,000 

5.5 Piping (Stainless steel or HDPE) 450,000 30,000 

6.0 Automation of the plant 747,615 49,841 

7.0 Installation of the equipment 1,914,328 127,622 

8.0 

Planning, supervision, commissioning, 

training 3,158,641 210,576 

  Total 24,216,247  1,614,416  
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For a 5 year return of investment and 10 % interest rate, the above Investment will be 

equivalent to CAPEX of 5,807,441 ZAR/a (or 387,163 €/a). 

If we assume an inflow of 8.0 MLD, then the CAPEX for wastewater treatment at the 

Groblersdal STP will be 1.99 ZAR/m³. 

In relation to the COD load, the CAPEX for wastewater treatment at the Groblersdal 

STP will be 1.99 ZAR/kg COD. 

At a population equivalent of 80,000 people, the CAPEX for wastewater treatment at 

the Groblersdal STP will be 72.6 ZAR per person per year. 

Table 2.6-9: Concept III – required operational expenses (OPEX) 

Pos. Concept III – Operational 

expenses 

Units/a Price 

ZAR/unit 

Total cost 

ZAR/a 

Total 

cost €/a 

1 Maintenance civil structures 2 %   484,325  32,288  

2 Maintenance mechanical equipment  4 %   968,650  64,577  

3 Insurance 2 %   484,325  32,288  

4 Manpower 13 108,000  1,404,000  93,600  

5 Work materials 

(phone, clothes, hand gloves, etc.) 

13 3,000  39,000  2,600  

6 Electricity 2,630 

MWh 

1,000  2,630,000  175,333  

7 Chlorine for disinfection        

8 Other chemicals 1 10,000  10,000  667  

9 Laboratory analysis 365 80  29,200  1,947  

10 Disposal of grit/sludge/waste at a 

landfill 

7,328 150  1,099,125  73,275  

 TOTAL     7,148,625  476,575  

If we assume an inflow of 8.0 MLD, then the OPEX for wastewater treatment at the 

Groblersdal STP will be 2.45 ZAR/m³. 

Related to the COD load, the OPEX for wastewater treatment at the Groblersdal STP 

will be 2.45. ZAR/kg COD. 

At a population equivalent of 80,000 people, the OPEX for wastewater treatment at the 

Groblersdal STP will be 89.4 ZAR per person per year. 
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2.6.3.5 Modernisation  Concept IV: MBR Conversion with water reuse 

 

Figure 2.6-9: Groblersdal STP modernisation concept IV – MBR Conversion 

 (Compiled by the authors) 
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Table 2.6-10: Concept IV – equipment list 

Pos. Equipment list – Concept IV Specifications Number 

1.0 Mechanical pre-treatment   

1.1. Fine Screen  Perforated plate 3 mm 

Diameter 1 m 
1 

1.2 Pumps for the grit classifier  5 m³/h; 4 m head 2 

1.3 Flow meter  0–250 m³/h 1 

2.0 Activated sludge process   

2.1 Motors for the agitators 5.5 kW 3 

2.2 Air blower (Aerzen xxxx, etc.)  1 

2.3 Fine-bubble aeration diffusers 16 m³/h*m 150 

2.4 Aeration grid  DN200 80 

2.5 Dissolved oxygen meter  1 

2.6 Submerged pumps for internal sludge 

recirculation 
50 m³/h; head 2 m 2 

3.0 Membrane   

3.1 Membrane unit VRM 30 Diameter 3.36 m 3 

3.2 Permeate pump  3 

3.3 Scouring air blower  3 

3.4 Inlet pump filtration chamber  3 

4.0 Transport    

4.1 Packing membrane unit  Wooden box 3 

4.2 Container for additional parts (pumps etc.) Box container 1 

4.3 Shipping to South Africa  3 

5.0 Miscellaneous    

5.1 Fencing  2 m height; 500 m 

length 
1 

5.2 CCTV system For 16,000 m² 1 

5.3 Alarm system in the central building  1 

5.4 Laboratory equipment Basic analysis 1 

5.5 Piping (Stainless steel or HDPE) DN150 300 

6.0 Automation of the plant  1 

7.0 Refurbishment concrete tanks  1 

8.0 Installation of the equipment  1 

9.0 Planning, supervision, commissioning, 

training 
 1 
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Table 2.6-11: Concept IV – required investment (CAPEX) 

Pos. Concept IV – Equipment List Total Price 

ZAR 

Total Price 

€ 

1.0 Mechanical pre-treatment     

1.1 Fine Screen 750,000 50,000 

1.2 Pumps for the grit classifier 30,000 2,000 

1.3 Flow meter 26,703 1,780 

2.0 Activated sludge process     

2.1 Motors for the agitators 36,000 2,400 

2.2 Air blower (Aerzen xxxx, etc.) 333,333 22,222 

2.3 Fine-bubble aeration diffusers 271,956 18,130 

2.4 Aeration grid 200,000 13,333 

2.5 Dissolved oxygen meter 17,594 1,173 

2.6 Submerged pumps for internal sludge 

recirculation 
32,502 2,167 

3.0 Membrane filtration     

3.1 Membrane unit VRM 30 10,886,400 725,760 

3.2 Permeate pump 225,000 15,000 

3.3 Scouring air blower 382,500 25,500 

3.4 Inlet pump filtration chamber 225,000 15,000 

4.0 Transport     

4.1 Packing membrane unit 180,000 12,000 

4.2 Container for additional parts (pumps etc.) 75,000 5,000 

4.3 Shipping to South Africa 495,000 33,000 

5.0 Miscellaneous     

5.1 Fencing 166,100 11,073 

5.2 CCTV System 25,985 1,732 

5.3 Alarm system in the central building 22,374 1,492 

5.4 Laboratory equipment 150,000 10,000 

5.5 Piping (Stainless steel or HDPE) 450,000 30,000 

6.0 Automation of the plant 420,000 28,000 

7.0 Refurbishment of concrete tanks 300,000 20,000 

8.0 Installation of concrete tanks 450,000 30,000 

9.0 Planning, supervision, commissioning, 

training 
300,000 20,000 

 Total 16,451,447 1,096,763 
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For a 5 year return of investment and 10 % interest rate, the above Investment will be 

equivalent to CAPEX of 3,945,318, 45 ZAR/a (or 263,021,23 €/a). 

If we assume an inflow of 8.0 MLD, then the CAPEX for wastewater treatment at the 

Groblersdal STP will be 1.35 ZAR/m³. 

Related to the COD load, the CAPEX for wastewater treatment at the Groblersdal STP 

will be 1.35 ZAR/kg COD. 

At a population equivalent of 80,000 people, the CAPEX for wastewater treatment at 

the Groblersdal STP will be 49.3 ZAR per person per year. 

Table 2.6-12: Concept IV – required operational expenses (OPEX) 

Pos. Concept IV – Operational 

expenses* 

Units/a Price 

ZAR/unit 

Total cost 

ZAR/a 

Total 

cost €/a 

1 Maintenance civil structures 2 %   484,325  32,288  

2 Maintenance mechanical 

equipment  
6 %   987,087  65,806  

3 Insurance 2 %   484,325  32,288  

4 Manpower 13 108,000  1,404,000  93,600  

5 Work materials 

(phone, clothes, hand gloves, 

etc.) 

13 3,000  39,000  2,600  

6 Electricity 2,630 MWh 1,000  2,630,000  175,333  

7 Chlorine for disinfection        

8 Other chemicals 1.5 10,000  15,000  1,000  

9 Laboratory analysis 365 80  29,200  1,947  

10 Disposal of grit/sludge/waste 

at a landfill 
7,327.5 150  1,099,125  73,275  

11 Membrane replacement 

(here listed under OPEX) 
1 75,000  75,000  5,000  

 TOTAL    7,247,062  483,137  

+ Re-use value 1,947,000m³ 1,5/m³ -2,920,500  -194,700  

 TOTAL    4,326,562  288,437  

* Indicative numbers, need to be verified depending on results of ongoing pilot 

plant (see Chapter 2.7). 
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If we assume an inflow of 8.0 MLD and water re-use of 2,920,000 m³/a priced with 

ZAR 1.5/m³ then the OPEX for wastewater treatment at the Groblersdal STP will be 

1.48 ZAR/m³. 

Related to the COD load, the OPEX for wastewater treatment at the Groblersdal STP 

will be 1.48 ZAR/kg COD. 

At a population equivalent of 80 000 people, the OPEX for wastewater treatment at the 

Groblersdal STP will be 54.1 ZAR per person per year. 

2.6.3.6 Financial Summary 

Within the scope of taking inventory of the sewage treatment plants in the Middle 

Olifants catchment area, it was found that an upgrade of existing treatment plants (with 

membrane technology for example) can bring considerable economic benefits as 

compared to conventional repair or completely new construction of WWTPs. 

In cooperation with HUBER (Chapter 2.7) and IEEM (Chapter 2.5) an exemplary 

calculation showed that a high-tech refurbishment concept (concept IV) is, under certain 

framework conditions, the preferable option and economically sustainable solution in 

comparison to conventional methods. Especially where repair and maintenance refers to 

many buildings and equipment parts and other additional modernisation measures are 

pending (e.g. with respect to energy efficiency), considerable financial and ecological 

benefits ensue. This concept also allows for a capacity increase without terrain 

expansion as well as for permeate reuse (e.g. for agricultural irrigation) with additional 

financial benefits (reuse revenues). Table 2.6-13 shows a comparison of the concepts 

and a financial summary of the case study. 

A complementary financial assessment and calculation tool has been developed by 

IEEM (Chapter 2.5) to calculate financial effects and capital requirements of the 

different WWTP refurbishment options. 

Table 2.6-13a: Financial summary (ZAR) 

Concept Treatment 

capacity 

m³/d 

Treatment 

capacity kg 

COD/d 

Invest 

ZAR 

CAPEX/a 

ZAR 

OPEX/a 

ZAR 

Total 

ZAR/m³ 

I = Repair 2,500 2,500 2,304,249 552,595 3,640,938 4.61 

II = I + 

Improvement 
2,500 2,500 4,119,077 987,820 3,205,527 4.60 

III = II + 

Extension 
8,000 8,000 24,216,247 5,807,441 7,148,625 4.44 

IVa = II + 

Upgrade, 

MBR 

8,000 8,000 16,451,447 3,945,318 7,247,062 3.83 

IVb = IVa + 

Reuse-

revenues 

8,000 8,000 16,451,447 3,945,318 4,326,562 2.83 
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Table 2.6-13b: Financial summary (EUR) 

Concept Treatment 

capacity 

m³/d 

Treatment 

capacity kg 

COD/d 

Invest 

EUR 

CAPEX/a 

EUR 

OPEX/a 

EUR 

Total 

EUR/m³ 

I = Repair 2,500 2,500 153,617 36,840 242,729 0.32 

II = I + 

Improvement 

2,500 2,500 274,605 65,855 213,702 0.31 

III = II + 

Extension 

8,000 8,000 1,614,416 387,163 476,575 0.30 

IVa = II + 

Upgrade, 

MBR 

8,000 8,000 1,096,763 263,021 483,137 0.26 

IVb = IVa + 

Reuse-

revenues 

8,000 8,000 1,096,763 263,021 288,437 0.19 
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