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Editor’s Preface 

The present publication contains a summary report of the joint research and 

development project MOSA – Integrated Water Resources Management in the ‘Middle 

Olifants’ river basin, South Africa, Phase II – and an introduction to the project 

partners’ various work packages. 

The MOSA project has been funded by the German Federal Ministry of Education and 

Research (BMBF) from 2012 until 2016. Co-funding was granted through the South 

African Department of Science and Technology (DST) and the Water Research 

Commission (WRC), financial contributions from project partners from the industry as 

well as financial contributions and contributions in-kind from South African partners. 

This publication is a part of the final report to the funding Ministry. 

Three academic partners, IEEM gGmbH – Institute of Environmental Engineering and 

Management at the Witten/Herdecke University, University Bonn – Center for 

Development Research (ZEF) and University Bochum – Environmental Engineering 

and Ecology (eE + E), and five partners from the industry, DHI-WASY GmbH, Disy 

Informationssysteme GmbH, HUBER SE, LAR Process Analysers AG and 

REMONDIS Aqua International GmbH, worked in close cooperation to develop and 

evaluate IWRM measures and pilot concepts within the framework of the BMBF 

IWRM funding priority. In addition, the industrial partners provided own funds to 

achieve the goals of the MOSA project. 

First concepts of the applied research project have already been implemented in South 

Africa and transferred to other regions. 

The authors would like to thank the sponsors of the MOSA project – BMBF with its 

project agency Projektträger Jülich (PtJ) in Berlin and its International Bureau in Bonn, 

DST and WRC in Pretoria – but also the cooperating institutions and experts which 

have provided valuable advice and support, especially from the Department of Water 

and Sanitation (DWS), the Council of Scientific and Industrial Research (CSIR), South 

African National Parks (SANParks), the German Embassy in Pretoria, KfW Frankfurt, 

Pretoria and Windhoek, the Development Bank of Southern Africa (DBSA), the African 

Development Bank (AfDB), the University of Pretoria, the WADER programme, the 

Water Institute of Southern Africa (WISA) and many others. 

This publication would have not been possible without the authors’ and organisations’ 

contributions, as well as the work of all those who have supported editing and 

formatting the publication. 

 

Karl-Ulrich Rudolph 

MOSA Project Supervisor 

IEEM gGmbH 

Institute of Environmental Engineering and Management 

at the Witten/Herdecke University 
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Preface – German/South African Scientific Collaboration 

On behalf of the Department of Science and Technology I am delighted to introduce 

you to this recent publication. Authors from various institutions both from Germany and 

from South Africa representing the scientific and research communities of the two 

countries present their work to advance cooperation in water management. To this 

respect, I would like to thank all the authors for their collaborative work. 

The timing of the MOSA project is so opportune here in South Africa for the reason that 

the question of water management is critical due to apparent drought caused by climate 

variation that negatively affects the supply of water country wide. In our capital city, 

Tshwane, water utilisation restrictions are under consideration. It is the same in 

KwaZulu-Natal and other parts of the country are facing similar challenges. So there is 

no better time to share the results of the collaborative efforts. These challenges require 

research answers and solutions that I believe this publication will reflect upon. 

Regarding the nature of our scientific collaboration with Germany, our collaborative 

linkages between the two countries are deep, broad and progressive nature. 

Our cooperation covers broad areas of scientific endeavour and of mutual interests. 

Since the signing of the Science and Technology Agreement between the two countries 

in 1996 we have observed growth and deepening of the relations in this science 

cooperation. The Research Call projects form the pillar of our collaboration and allow 

inter-university collaboration, exposing our researchers and students to international 

opportunities for human capital development initiatives. There are students attached to 

these programmes which leads to joint publications and contributions to books, etc. 

Human capital development collaborative links are at the centre of our relations with 

Germany. The DST has also successfully supported a number of flagship projects with 

Germany over the past years such as SASSCAL, the Southern African Science Service 

Centre for Climate Change and Adaptive Land Use, or our global SKA project and the 

Meerkat Initiative which will deepen the long-standing cooperation between the two 

countries in radio astronomy. 

This introduction only scratched the surface, the collaboration extends beyond the broad 

umbrella of this partnership. We are also well aware of the success of both countries 

researchers in EU Framework projects with 96 projects in various fields. Such 

partnerships are generally seeded through our bilateral effort. This is yet another 

illustration of the deep nature of our cooperation. 

In conclusion, I indicated at the beginning that the South African and German relations 

are deep and broad. I believe these collaborative activities including the MOSA project 

add yet another pillar of strength in our cooperation. Science is an international 

endeavour and Germany is our strategic partner of choice to this end. With these 

remarks, I wish to thank all authors and project partners. Danke schön, thank you. 

 

Khaya Sishuba 

Director: Bilateral Relations (Europe and Middle East) 

Department of Science and Technology 

Republic of South Africa 
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Executive Summary 

The deterioration of water quality is among the most serious concerns in Africa with 

considerable ecologic, economic and social repercussions. Polluted rivers tend to 

aggravate water scarcity and in many regions water demands are already at their peak 

for consumption and production purposes. The Olifants River catchment is one of South 

Africa’s most stressed catchments as far as water quantity and water quality is 

concerned. 

The joint research and development project MOSA – Integrated Water Resources 

Management in the ‘Middle Olifants’ river basin, South Africa, Phase II – has been 

funded by the German Federal Ministry of Education and Research (BMBF). The 

MOSA project has confirmed the observation that sustainable water management in the 

project region is rather a matter of practical implementation than of comprehensive 

concepts or legal conditions. There is a strong need to transfer the concepts and legal 

provisions quickly into institutional structures and practical application. 

The MOSA applied research project addresses a wide range of water-related research 

questions that are relevant both for the South African project region and in general for 

the sustainable use of water resources in Africa and beyond. The project partners 

developed transferable IWRM tools and concepts and demonstrated practical 

intervention measures in close cooperation with several cooperation partners and 

stakeholders from administration, academia and industry. These solutions are in line 

with the goals of the BMBF IWRM funding priority as well as urgent South African 

water research questions. From an economic point of view, the MOSA project has 

shown that there is a strong need for action in the area of water efficiency and efficient 

management of the scarce resources – both water resources and funds for investments. 

The project partners developed and demonstrated exemplary measures and tools to 

support sustainable and efficient management of water resources in the Olifants 

catchment and in other regions. 

The Decision Support Tools, like the web-based risk assessment tool by eE+E and 

Disy Informationssysteme (Chapter 2.1) and the detailed Water Resource Model by 

DHI-Wasy including water quality aspects (Chapter 2.2), support stakeholders in their 

decision making processes and allow for cost efficient handling of financial resources, 

as they are able to identify priority areas for further investigation and water 

management interventions. To monitor water quality and compliance to legal 

regulations a mobile on-line laboratory has been developed by LAR Process 

Analysers (Chapter 2.3). The Mobile Monitoring Station provides fast and reliable 

monitoring results, especially in regions that are poorly serviced by laboratories. 

A key focus areas of the MOSA project were economic aspects of IWRM. The effect of 

water policy reforms on water use efficiency and impacts of transaction costs on the 

success of water policy reforms and on water quality have been analysed by ZEF 

(Chapter 2.4). The results help to increase sustainability and efficiency of water policy 

reforms. Studies on the value chain for production and services showed mutual 

benefit of international cooperation for German and South African partners. A 

sustainable water financing approach that addresses the lack of investment for the 

water sector and practical financial tools and investment schemes have been developed 



 
xxx 

by IEEM to complement and enhance operational measures and refurbishment activities 

(Chapter 2.5). 

The project partners designed and applied technical water intervention measures, 

especially in the field of wastewater treatment. Operational concepts adapted to local 

conditions play a key role for efficient sewerage treatment and help to improve the 

water quality of the river system of the Olifants catchment. REMONDIS developed 

O&M guidelines and refurbishment concepts based on an inventory of the municipal 

WWTPs in the Middle Olifants catchment area. A pioneering technology for these 

refurbishment measures, the HUBER VRM
®

 membrane bioreactor, has been 

demonstrated and tested in the project region (Chapter 2.7). Linking the refurbishment 

measures with the risk assessment tool, the MOSA partners could show the positive 

effects of the water intervention measures. 

The specific methodological approach to IWRM, as developed and verified under the 

MOSA project, has been applied in other regions and catchments. For instance, the 

Lake Victoria Basin Commission (LVBC), sponsored through a financing consortium 

of European development banks (AFD, EIB, KfW), will follow the modular structure of 

the MOSA IWRM concept with a clear distinction between 

1) The (technical) Water Resources Module (WRM), 

2) The (economical) Water Utilisation Module (WUM), and 

3) The Water Interventions Module (WIM). 

This approach allows for a continuous cost-benefit based optimisation of investment 

and operational planning. 

 

Modular MOSA IWRM concept (see Chapter 1) 

The MOSA project findings highlight the urgent need for efficient action. Broadly 

spoken, it is not a lack of institutions or a lack of water resources – there is a lack of 

efficient and sustainable water management. The implementation of sustainable IWRM 

measures is a necessary step towards an economic, social and environmental sustainable 

management of scarce water resources. 
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1. Economic Aspects of IWRM – an Introduction to the 

MOSA Pilot Project 

Jens Hilbig, Karl-Ulrich Rudolph, Daniel Gregarek, Annabelle Kalinowski-Gausepohl 

IEEM gGmbH – Institute of Environmental Engineering and Management at the 

Witten/Herdecke University, Alfred-Herrhausen-Strasse 44, 58455 Witten, Germany 

E-mail: mail@uni-wh-ieem.de 

IEEM gGmbH, Witten 

The Institute of Environmental Engineering and Management at the Witten/Herdecke 

University is an autonomous, non-profit research institute. IEEM combines the 

academic fields of environmental engineering and economics into an applied scientific 

approach. Technology and economics are the foundations of the work of IEEM and a 

precondition to develop modern management concepts and organisational models, 

which are needed to design and realise both technical and institutional solutions, 

focused on efficiency for environmental protection and supply services. IEEM focuses 

on topics of water and sanitation, closely linked to applied environmental economics. 

IEEM has many years of experience in developing, coordinating and implementing 

international water projects in Europe, Asia, South America and Africa. 

1.1 Integrated Water Resources Management 

1.1.1 Conceptual background 

Water scarcity and water-related risks represent an increasing threat to many countries 

in the world. Providing stable freshwater supplies is a major challenge for water 

stressed countries. Various measures, both supply enhancement techniques and demand 

management strategies
1
, are being introduced to tap new resources and to improve the 

efficiency and sustainability of water use (e.g. Ohlsson & Turton 1999). A multitude of 

these measures is subsumed under the keyword ‘Integrated Water Resources 

Management’ (IWRM). 

Especially after the formulation of the Dublin principles in 1992, which had a strong 

impact on Chapter 18 of the Agenda 21 formulated at the UN Conference on 

Environment and Development held in Rio de Janeiro (UNCED 1992), many IWRM 

definitions have emerged and a lot of different tools, methods and approaches are 

labelled with the keyword or buzzword (Van der Zaag 2005) ‘IWRM’. One of the most 

popular definitions of IWRM has been elaborated by the Global Water Partnership: 

IWRM is a process which promotes the co-ordinated development and 

management of water, land and related resources, in order to maximise the 

resultant economic and social welfare in an equitable matter without 

compromising the sustainability of vital ecosystems. (GWP 2000, p. 22) 

                                                 

1  For a short introduction to the distinction between supply enhancement and demand management see 
Griffin (2006), pp. 3–5. 
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Due to the different regional situations and preconditions of water management areas 

and river basins respectively, the content of IWRM remains ambiguous. Regional and 

national institutions must develop their own IWRM practices with regard to the relevant 

context (GWP 2000, pp. 6–7). The iterative character of the whole IWRM process is 

illustrated by the spiral model (UNESCO 2009, pp. 4–6) which highlights the fact that 

IWRM is an adaptive step-by-step management process. Continuous monitoring and 

evaluation permits an adaptation to new demands and changing circumstances at each 

stage of the process – or ‘turn of the spiral’ (Figure 1-1). 

Figure 1-1: IWRM spiral and process 

 (UNESCO 2009, p. 5) 

The application of IWRM principles implies a paradigm shift from 

building / construction – “the hydraulic mission” (Allan 2003, p. 10) – to holistic 

political processes and participatory management approaches including economic tools 

for dealing with scarcity. Because of various local conditions and different areas of 

application, “water problems of the world are neither homogenous, nor constant or 

consistent over time. They often vary very significantly from one region to another, [...], 

from one season to another, and also from one year to another” (Biswas 2008, p. 6), the 

concept of IWRM is not clearly defined and is subject to modifications. It is a multi-

dimensional approach including physical (the resource itself), non-physical (water 

users, institutional framework, policies), spatial (distribution of water resources and 

uses as well as spatial scales of water management) and temporal (sustainability) 

dimensions of water resource management (e.g. Savenije & van der Zaag 2000). 

1.1.2 IWRM – a ‘fuzzy concept’? 

To a certain degree IWRM is like Forrest Gump’s famous box of chocolates – “you 

never know what you’re gonna get” (Forrest Gump 1994). But is it a fuzzy concept, “a 

process which possesses two or more alternative meanings and thus cannot be reliably 

identified or applied by different readers or scholars” (Markusen 1999, p. 870), or does 

the IWRM approach provide benefits for decision makers, water professionals and 

stakeholders dealing with water scarcity and water related risks? 
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In fact, there is a risk that IWRM as an evolutionary process will be overloaded with 

numerous, sometimes antagonistic demands and expectations. From e.g. stakeholder 

participation to the integration of institutions and cross-sectoral planning, from supply 

enhancement and the development of alternative and non-conventional water resources 

(Thomas & Durham 2003, p. 21; Boutkan & Stikker 2004, p. 153) to demand 

management, efficiency improvement and conservation measures (e.g. Brooks 2006, 

Claassen 2013, p. 327), consideration of the ecological reserve (e.g. the South African 

National Water Act (RSA 1998)) and contribution to Millennium and Sustainable 

Development Goals (MDGs & SDGs), capacity development (e.g. Alaerts & Kaspersma 

2009), gender issues (GWP 2006), economic development and growth – there is hardly 

any topic which has not been named in the context of IWRM. 

This lack of conceptual clarity and several contradictions between the three basic 

elements of IWRM (e.g. Molle 2008, p. 133), ecosystem sustainability, social equity 

and economic efficiency (Figure 1-2) as well as conflicts between different users and 

uses result in a fundamental critique of the IWRM concept, especially with regard to the 

transfer of comprehensive theoretical concepts into practically applicable methods 

(Jeffrey & Gearey 2006, p. 5) and successful implementation (Biswas 2008). 

Figure 1-2: General framework for IWRM  

 (GWP 2000, p. 31) 

On the other hand, several positive aspects have to be taken into account: IWRM has 

served to put social and environmental issues on the water management agenda, 

inspired a new generation of water professionals and provides assistance with achieving 

global development goals (van der Zaag 2005, p. 870) such as the MDGs and SDGs. It 

encourages out-of-the-box thinking and the development of new, flexible management 

concepts under uncertain conditions. Participatory elements play an important role in 

IWRM, Molle (2008, p. 150) calls it a “Nirvana concept, [...] a consensual 

reconciliation of antagonistic worldviews and interests”, providing an overarching 

framework for the development of water management models and concepts. 

Albeit providing little practical guidance, the IWRM concept “is seen as an important 

way to manage water by most academics and policy makers” (Gupta et al. 2013, 

p. 576). But since successful application requires a strong enabling environment, clear 

institutional structures, transparent decision making processes, solidly financed 

infrastructure investments and effective instruments to support water management (e.g. 

Lenton & Muller 2009, p. 9), a clearly defined and focused IWRM concept with 
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practical guidelines is needed to close the implementation gap. This also includes a 

framework of regularly monitored and reviewed strategic guidelines and targets to avoid 

getting lost in secondary issues, details and case-by-case short-term decisions. 

1.2 The MOSA Project – Integrated Water Resources 

Management in the ‘Middle Olifants’ river basin, South 

Africa, Phase II 

1.2.1 BMBF funding priority 

The German Federal Ministry of Education and Research (BMBF) supports the 

development of integrated planning tools for the sustainable use of water resources. The 

protection and sustainable use of scarce water resources plays a decisive role for the 

future of humankind. The Federal Government supports the attainment of development 

targets such as the MDGs and SDGs by funding several pilot activities in the field of 

drinking water supply and wastewater disposal in numerous partner countries as part of 

the ‘Research for Sustainability’ (FONA) framework programme (BMBF funding 

priority IWRM 2015). 

With the IWRM funding priority, the BMBF aims to strengthen the concept of IWRM 

in developing and emerging countries. Improving the living conditions of people living 

in water scarce areas as well as supporting and strengthening international cooperation 

in the field of science and technology are two major goals of the funding priority. It has 

the aim of developing adapted and transferable IWRM concepts in selected model 

regions worldwide. BMBF supports seventeen joint research projects with partners from 

universities, research facilities and industrial partners, which started between 2006 and 

2010 (Ibisch et al. 2013, p. 9). The Middle Olifants river basin in South Africa is one of 

these model regions. 

1.2.2 MOSA project region 

The deterioration of water quality is among the most serious concerns in Africa with 

considerable ecologic, economic and social repercussions. Polluted rivers tend to 

aggravate water scarcity and in many regions water demands are already at their peak 

for consumption and production purposes. The MOSA project region is a part of the 

Olifants River catchment (Figure 1-3), which “is currently one of South Africa’s most 

stressed catchments as far as water quantity (due to high demand) and water quality is 

concerned” (DWA 2011a, p. 2). Furthermore, over-exploitation is exacerbated by a 

water resources management uncertainty due to the regionally variable climate and 

global climate change. In some parts of the country, 2015 is the warmest year on record 

(CSIR 2015) and “due to prolonged lower-than-normal rainfall since the beginning of 

the year, drought conditions are being experienced across the country” (DWS 2015). 
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The Olifants River originates east of Johannesburg and flows northwards through 

mining and industrial centres. The MOSA project region, the Middle Olifants catchment 

downstream of the Loskop Dam to the confluence of the Steelport River, is dominated 

by rural areas, extensive irrigation and subsistence farming. The area of the Middle 

Olifants catchment is 22,550 km². The length of the main Olifants River in this area is 

about 300.94 km. Afterwards the river curves in an easterly direction through the 

Kruger National Park (KNP), a world renowned nature conservation area, into 

Mozambique (DWA 2011b). A multitude of different economic activities from mining, 

manufacturing and power generation to agriculture, domestic use and ecotourism, and 

various water uses and competing demands increased steadily over the years resulting in 

a progressive decline of water quality (Ashton & Dabrowski 2010, p. 103). 

 

Figure 1-3: Location of the MOSA project region in South Africa 

 (Jolk et al. 2015, p. 2) 

The climate in the Middle Olifants region is semiarid. The evaporation in the Olifants 

catchment area is significantly higher than the precipitation at almost any point. The 

mean evaporation losses are between 1300 mm and 2400 mm. A small amount of the 

precipitation runs off, since the largest proportion of precipitation evaporates. Water 

users in the Middle Olifants suffer extended dry seasons compared to other catchment 

areas, because at the end of the dry season the usually empty reservoirs in the upper 

reaches (Upper Olifants sub-basin) are filled first before there is significant effluence 

into the Middle Olifants. The highest terrain elevation in the Middle Olifants is 2121 m, 

the shallowest point is at 577 m above sea level. The large differences in elevation and 

geographical continental location lead to cold winters (up to minus 4 °C) and hot 

summers (up to 45 °C) (De Lange et al. 2005). 

According to Claassen, Funke and Nienaber (2013), the current state of the SA water 

sector institutional landscape is primarily characterised by noble intentions but also by a 

lack of effective action – some parallels to the criticism of the general IWRM concept 

are obvious. They place strong emphasis on implementation and enforcement of a 
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sustainable policy taking into account Reserve
2
 requirements to progress towards a 

sustainable water sector status (Claassen et al. 2013, p. 148). 

South Africa is well suited as an IWRM research project region from other points of 

view as well: On the one hand it features of highly developed technologies and a 

sufficiently stable administration. On the other hand, South Africa displays all the 

characteristics of a ‘real’ developing country, especially in remote rural areas like in the 

Middle Olifants region. The most important point, however, is that South Africa is seen 

as being the ‘gateway’ to the Southern African Development Community (SADC) and 

the whole African continent as far as the adaptation and dissemination of innovative 

concepts and solutions are concerned. 

1.2.3 MOSA concept 

1.2.3.1 Phase I (2006–2010) 

The socio-economic and environmental situation of the Middle Olifants region requires 

a holistic approach to achieve a more efficient and sustainable management of available 

water resources in accordance with the NWA. The NWA states that “sustainability and 

equity are identified as central guiding principles in the protection, use, development, 

conservation, management and control of water resources” (Republic of South Africa 

1998). During Phase I of the project (2006–2010) a modular IWRM model has been 

developed for the Middle Olifants to be able to combine hydrological data with 

institutional regulations and economic criteria (Rudolph et al. 2011). 

The Modular IWRM Concept 

A core innovation of the MOSA IWRM methodology is the approach to structure the 

IWRM model in the same way as IWRM outcomes are utilised in different fields of 

expertise and water management. So far, IWRM has often been focused (and sometimes 

limited) to e.g. hydrological aspects and economic aspects have not been presented in a 

way that could be of use for concrete decision making outside the academic world, such 

as for water investment finance. 

The model consists of three modules (Figure 1-4) which calculate the available yield of 

water (Water Resources Module, WRM) and an optimised water utilisation and 

allocation (Water Utilisation Module, WUM) to derive technical, economic and 

institutional measures to improve the water situation and to secure a sustainable 

management of the water resources (Water Intervention Module, WIM). The modules 

are in a reciprocal relationship: each modification of one of the modules impacts on the 

other modules. 

  

                                                 

2  The Reserve is a fundamental component of the NWA and the only right to water in South African 
law, defined as “the quantity and quality of water required to satisfy human needs [...] and to protect 
aquatic ecosystems in order to secure ecologically sustainable development and use of the relevant 
water resource” (RSA 1998, 1.1.xviii). 
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Figure 1-4: Modular IWRM concept 

 (Compiled by the authors) 

With regard to sustainability the actual non-priority water consumption of 400m m³/a, 

i.e. any water use beyond the Reserve, has to be reduced to 232m m³/a in order to secure 

the future availability of the scarce resource (Bombeck 2013, p. 136). In consideration 

of utility maximisation as economic aspect, irrigation would have to face the largest 

total reduction, “water-use rights will in future be transferred from agriculture to 

industry” (Nieuwoudt & Backeberg 2011, p. 703), but also mining and domestic use 

have to be reduced to comply with the ecological Reserve as legally required (Bombeck 

& Rudolph 2013, p. 40). 

Iterative computation of the modules WRM and WAM has shown that integrated 

management results in better protection and efficient allocation of the scarce water 

resources in the project region. The main cause of the water-related problems in the 

project region is not water scarcity, but insufficient water resources management 

(Rudolph et al. 2011, pp. 140–141). 

During the progress of Phase I, especially while working on module WIM, the research 

group came to the following conclusion: For a successful implementation of IWRM, it 

is inevitable to have a structure of technical and legal conditions to assure the 

sustainable operations and maintenance of water facilities, but also a structure that 

creates economic incentives and sources of financing at the local level. These 

interventions to promote the involved parties’ interest to continuously improve and 

apply trained knowledge and skills are summarised under the term “incentive 

engineering”. 

1.2.3.2 Phase II (2012–2016) 

Building on the findings of Phase I, the second phase of the MOSA project focuses on 

intervention measures to increase the added value of all water-related activities in a 

sustainable manner. The modular IWRM concept has been further developed and 

improved. This includes an update and extension of the Water Resources Module as 

well as enhanced studies for the Water Utilisation Module in order to provide a sound 

basis for the practical interventions and pilot measures. “Finance and good water 

governance are inextricably linked” (Grau & Hall 2012, p. 5): all recommendations of 

the Water Interventions Module are developed with a strong focus on economy and 

financing, as sound financial arrangements are important to ensure a lasting success, 
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especially in consideration of specific needs of the poor (e.g. Marin 2009, p. 107; 

Zetland 2011, pp. 210–211). 

Phase II of the applied research project includes four main components (Figure 1-5) to 

ensure the implementation, transfer and dissemination of the project results. 

Accompanying awareness raising and capacity building measures complement the 

activities. The project group consists of three academic and five industrial partners 

working in close cooperation with South African partners and stakeholders to identify 

solutions for the water-related problems of the project region and to improve overall 

water management. 

 

Figure 1-5: MOSA components 

 (Compiled by the authors) 

The improved modular MOSA IWRM concept can be adapted to the preconditions of 

any target region. This allows to transfer the concept and to customise the three modules 

according to the requirements of future users and stakeholders. The concept developed 

under MOSA has been adapted for the first time in 2015 by the Lake Victoria Basin 

Commission (LVBC) for an IWRM programme funded by the European Investment 

Bank (EIB) and the German Kreditanstalt für Wiederaufbau (KfW). It will help to 

support the LVBC’s and East African Community’s joint water resources management 

and development programme (Mwinjaka 2015, pp. 32–34). 

1.2.4 Outlook 

The MOSA project addresses a wide range of water challenges and water-related 

research questions. The present publication of the academic and industrial project 

partners summarises their practical intervention measures, case studies and novel 

approaches to water management. This includes policy approaches and technical 

measures as well as economic aspects, given the “importance of developing appropriate 

economic methods and instruments to address many of the economic trade-offs that are 

apparent in water management” (Anderson et al. 2008, p. 667). Research and 
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implementation were carried out in close cooperation with several South African 

partners. In addition to the detailed description of MOSA subtasks, this volume includes 

statements of South African project partners and stakeholders which highlight the 

fruitful collaboration. 

A collaborative study of South African water researchers and experts published in 2014 

provides an overview of priority water research questions for South Africa. MOSA 

contributes to a number of these “questions [...] categorised under the themes of change, 

data, ecosystems, governance, innovation and resources” (Siebrits et al. 2014, p. 199). 

These are, among others, the improvement of municipal water and wastewater services 

delivery, real-time water data collection, use of monitoring and information systems, 

reduction of river pollution, effective water policies and water resource allocation to 

maximise sustainable economic, social and environmental benefits (ibid., pp. 206–207). 

The following overview includes a short description of the MOSA subtasks and the 

contribution of the German MOSA partners to the project. The next chapters of the 

volume provide more detail and case studies of the MOSA project and its subtasks. 

Planning and Decision Support Tools based on risk assessment for water quality have 

been developed by the institute of Environmental Engineering + Ecology (EE+E) at 

Bochum Ruhr-University and Disy Informationssysteme. The web-based system has 

been implemented at the Department of Water and Sanitation (DWS) since 2015 

(Chapter 2.1). A detailed water resource model for the project region has been 

developed by DHI-Wasy, taking the MOSA phase I WRM model to a new level. 

Additionally, an educational game for awareness raising and capacity building has been 

developed, which was used e.g. for the 2014 South African Water Game Challenge in 

cooperation with the Water Research Commission (WRC), South African National 

Parks (SANParks) and other partners (Chapter 2.2). In order to monitor water quality 

and to provide fast and reliable test results, a mobile on-line laboratory has been 

designed by LAR Process Analysers. The mobile laboratory has been manufactured in 

South Africa and was tested and demonstrated under several monitoring campaigns in 

cooperation with DWS, the Council for Scientific and Industrial Research (CSIR), the 

Water Technologies Demonstration Programme (Wader) and local partners and 

stakeholders (Chapter 2.3). The Center for Development Research (ZEF) at the 

University of Bonn conducted economic studies on the implications of water policies on 

transaction costs, water use efficiency and water quality with a special focus on the 

agricultural sector. Research was carried out in good partnership with the University of 

Pretoria and other academic partners (Chapter 2.4). IEEM has analysed international 

supply and value chains of water management, economic measures such as 

infrastructure investment programmes and financial instruments to develop sustainable 

economic interventions for the water sector. These intervention measures have been 

elaborated in close collaboration with development banks such as the Development 

Bank of Southern Africa (DBSA), KfW and other partners and stakeholders from 

administration, academia and industry (Chapter 2.5). Operational concepts, business 

models and investment schemes for malfunctioning wastewater treatment plants 

(WWTP) as well as training tools have been developed by REMONDIS Aqua 

International. Case studies have been carried out in cooperation with local 

municipalities in Mpumalanga and Limpopo (Chapter 2.6). HUBER has demonstrated 

and tested a pilot plant basing on a combination of biological wastewater treatment and 

membrane filtration which can be used for WWTP refurbishment. Test series have been 
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carried out in Germany and under South African conditions at Loskop Dam in the 

Olifants catchment. Furthermore, E-learning tools have been developed for training 

purposes (Chapter 2.7). 

The findings have been presented and discussed on annual project status workshops 

with South African partners and stakeholders. Awareness campaigns and capacity 

building activities such as the South African National Water Game Challenge 2014 

(Figure 1-6a), co-funded by the WRC (e.g. Letshala & Pott 2014), and the Water 

Research and Management Days 2015 (Figure 1-6b) in cooperation with SANParks, 

WRC, the South African Environmental Observation Network (SAEON) and the 

Association for Water and Rural Development (AWARD) were part of the 

accompanying dissemination and outreach activities. 

Figure 1-6: MOSA awareness raising (a) and capacity building activities (b) 

Chapter 3 provides a final summary of the project findings including an outlook and 

recommendations for further research, policy making and implementation. The MOSA 

findings and recommendations are a contribution to basic IWRM research as well as 

specific South African water challenges and an attempt to transfer the IWRM concept 

into practically applicable methods. The authors of the present publication welcome any 

feedback and remarks on the entire project or any of the subtasks. 
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A. Middle Olifants South Africa (MOSA) and Kruger National 

Park Co-operation 

Eddie Riddell 

South African National Parks (SANParks), Kruger National Park, Conservation 

Management Skukuza, Private Bag X402, Skukuza 1350, South Africa 

E-mail: eddie.riddell@sanparks.org 

 

The Olifants River in South Africa makes a significant contribution to the livelihoods 

and well-being of its citizens and also represents a catchment that contributes 

significantly to the country’s economic productivity. This river makes its way slowly 

north-east towards the Kruger National Park (KNP) (Figure A-1). Established in 1898, 

the KNP is one of the largest game reserves in Africa and is significantly important in 

terms of both its ecological diversity and economic value supporting a large eco-tourism 

industry for the region – it is also the downstream recipient of the catchment 

management actions upstream in the Olifants system, such as acid mine drainage 

(AMD) and stressed municipal wastewater treatment systems. However, whilst the 

problems are relatively well understood in the upper catchment, in the lower part of the 

basin, within the lowveld region, these issues, while present, have historically received 

less attention. 

 

Figure A-1: Olifants River between Olifants Camp and Letaba confluence 

 (Source: B. Monninkhoff/DHI-Wasy) 

In addition to the Olifants mainstem, the lowveld region includes the relatively pristine 

contributions of the Blyde and other tributaries which ameliorate some of these 

upstream effects, however, this is offset by the severely degraded Ga-Selati River which 

passes close to Phalaborwa town. Over the past few decades the Ga-Selati has suffered 

from the compounded effects of severe water quality decline due to poorly treated 

effluent leaving wastewater treatment works (WWTW) in the large peri-urban areas of 

that catchment, the impacts of the large mining operations (copper and phosphate) and 
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associated industries as well as severe over-abstraction of free flowing water. Until the 

early 2000s frequent spikes in acidity, phosphates, sulphates and salinity, among other 

effects, were common, which impacted on the viability of the aquatic ecosystems in the 

Olifants River system downstream. These effects are compounded by the complicated 

operational management at the confluence of these two rivers. With the highly 

attenuated flows of the mainstem, Olifants limits its assimilative capacity. Furthermore 

concurrent silt management problems at the Olifants river barrage (operated by Lepelle 

Northern Water) present a water supply risk to adjacent communities due to low storage 

capacity and make for problematic trade-offs to release water to the Olifants for its 

Environmental Water Requirements into the KNP. 

It was within this context that South African National Parks, the custodian of the KNP, 

began its collaboration with the Institute for Environmental Engineering and 

Management (IEEM), the coordinators of the Middle Olifants South Africa (MOSA) 

project. This fruitful collaboration began in July 2014, following the KNP’s hosting of 

the National Water Game – through which the DHI Serious Water Game of the Middle 

Olifants was presented to secondary school learners on the periphery of the KNP. This 

was an important outreach opportunity for the KNP for two main reasons: raising 

awareness in our adjacent communities on the challenges of water management (Figure 

A-2); and exposing young learners and their teachers to modern computing technology 

not usually available to them. This was also followed by a second campaign in May 

2015 in Phalaborwa where learners from schools neighbouring the KNP also played the 

Serious Water Game and had their experience coupled with a practical field session on 

aquatic bio-monitoring. Of additional importance to this collaboration was the 

deployment of the MOSA mobile laboratory to the Lower Olifants area adjacent to the 

KNP. The laboratory was stationed at Phalaborwa for two two-week campaigns (May 

and October 2015) and was used on this occasion to develop an important snap-shot of 

the water quality in the lower Olifants and Ga-Selati rivers at the beginning and the end 

of the dry season, with a focus on wastewater treatment and mining influence. 

 

Figure A-2: Participants MOSA – SANParks Water Management Days, Phalaborwa 2015 

 (Source: I. Hartwig/REMONDIS) 
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Following collaboration on the Serious Water Game (DHI), low flow water quality 

snapshot campaigns of the lower Olifants with the MOSA mobile laboratory 

(LAR/Analysers On-line) and a number of outreach activities, a proposal was developed 

between the MOSA partners, the KNP and Lepelle Northern Water (LNW). This was 

developed in order to establish an integrated water quantity and quality management 

system for the Lower Olifants catchment that encapsulates operational hydro-ecological 

river management with predicted ecological responses in near real-time. 

The envisaged management system was to be built upon an integrated water 

management approach, which is in line with South Africa’s second National Water 

Resources Strategy, the NWRS 2. This consists of four water management modules: 

- An on-line river monitoring system, 

- A coupled water quality and hydro-ecological model within a decision support 

system (DSS), 

- Improvement of regional water governance structures at a river operations level and 

support of policy institutions and implementing bodies and 

- Accompanying capacity development activities for local actors. 

The combination of real time river monitoring and hydro-ecological modelling is 

intended to provide a sound basis for both mid- and long-term management and 

planning decisions and short-term emergency response. In essence, the incorporation of 

such technology for collective decision making should engender a more robust 

paradigm for river management in terms of quality and quantity and therefore ensure the 

sustainability of the aquatic environment in the KNP and into Mozambique. 
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2. MOSA Intervention Measures 

2.1 Planning and Decision Support Tools for Integrated Water 

Resource Management on the river basin level in South 

Africa using the example of the Middle Olifants sub-basin 

Christian Jolk
a
*, Sandra Greassidis

a
, Bjoern Zindler

a
, Harro Stolpe

a
, Andreas Abecker

b
, 

Roman Woessner
b
 

a 
Environmental Engineering + Ecology (EE + E), Bochum Ruhr-University, 

Universitaetsstrasse 150, 44801 Bochum, Germany
  

b 
Disy Informationssysteme GmbH, Ludwig-Erhard-Allee 6, 76131 Karlsruhe, 

Germany 

* E-mail: christian.jolk@rub.de 

Environmental Engineering + Ecology, Ruhr-University of Bochum 

The institute of Environmental Engineering + Ecology (EE + E) at Bochum Ruhr-

University is making contributions to avoid impacts caused by human activities in the 

fields of environment, groundwater, surface water and ecology. EE + E is raising 

awareness for environmental risks and points out connections and contradictions in 

expectations and demands for a responsible and suitable use of resources. EE + E is 

conducting Research & Development (R & D), Expertise, Planning and Teaching with a 

main focus on: environmental planning, mining redevelopment, urban flood risk 

management; groundwater management, application of Geographic Information 

Systems etc. (see www.rub.de/ecology). 

Disy Informationssysteme GmbH, Karlsruhe  

Disy Informationssysteme GmbH is a software provider offering solutions for large-

scale, distributed spatial data infrastructures in public administrations dealing with 

environment-related data, in application domains such as nature protection, environment 

monitoring, water management, waste management, rural planning etc. Disy solutions 

combine Geographic Information Systems (GIS) with Data Warehousing and Data 

Analytics functionalities (see www.disy.net). 

2.1.1 Objective 

South Africa is facing major challenges in the water sector. The uneven distribution of 

the waterbody network and of precipitation leads to water supply shortages, especially 

in the dry season. The water infrastructure and the management of water supply and 

wastewater treatment is in deficit. The rapid industrial growth, the progressing 

urbanisation and the industrially organised agriculture lead to increasing water demand 

and water quality problems, in addition, South Africa has locations with significant 

touristic value.  

Considering these challenges, different stakeholders such as local and regional 

authorities, NGOs, industry and scientists are searching for solutions to establish a 

holistic and sustainable future development of the water sector. The integrated approach 

of the R & D project MOSA, sponsored by the German Federal Ministry of Education 
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and Research (BMBF), helps to analyse and solve water management related problems 

in the Middle Olifants sub-basin. 

The main focus of the Institute of Environmental Engineering and Ecology (EE + E) at 

the Ruhr University Bochum (Prof. Dr Harro Stolpe) and Disy Informationssysteme 

GmbH (Disy), in the R & D project MOSA, lies on the development of Planning and 

Decision Support Tools for Integrated Water Resources Management on the river basin 

level with the focus on water quality issues. The Planning and Decision Support Tools 

evaluate water resources and facilitate the identification and prioritisation of sub-

catchments with increased problem intensity and necessity for action trough IWRM 

measures. The Planning and Decision Support Tools improve and support decision 

processes of South African decision makers in the water sector. 

Water quality issues are a limiting factor for the socio-economic and environmental 

development in South Africa. Many studies in South Africa focus on the negative side 

effects of dynamic population and economic growth, the industrially organised 

agricultural praxis and the contamination potential originating from the mining sector. 

In addition to these topics, the inefficient water infrastructure is one of the main 

problems.  

The Middle Olifants sub-basin is a river basin with stressed water resources. The water 

quality faces numerous challenges that will require efficient water management in the 

future.  

Many of these challenges require a detailed analysis of the water quality in the Middle 

Olifants sub-basin.  

The Water Quality Report of the Department of Water Affairs (Van Veelen 2011) and 

the Planning Level Review of Water Quality in South Africa (DWA 2011) provide an 

assessment of the water quality in the Olifants river basin in compliance with the 

existing conditions in the area. 

For the Middle Olifants sub-basin and the Steelport the following water quality 

problems arise in accordance with the reports:  

 Increased salinity and eutrophication of dams and rivers by return flows from 

agriculture and mining, as well as discharge from wastewater treatment plants 

 Increased toxicity due to the presence of pesticides and herbicides in 

waterbodies 

 Erosion caused by poor agricultural practice and overgrazing in rural areas 

 Groundwater contamination due to inadequate wastewater treatment and 

leakages from landfills and waste disposals 

 High concentrations of sulphate and low pH values in surface water due to the 

influence of mining, power plants and industry 

 Despite the fact of limited data in some parts of the sub-basin increased heavy 

metal concentrations are expected 

This number of challenges needs a holistic and efficient research approach. The 

developed methods by EE + E and Disy serve to image the situation in the Middle 

Olifants sub-basin as broadly as possible. Particular emphasis has also been laid on the 
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integration of existing knowledge and experiences of South African stakeholders. The 

limited data availability and quality as well as the uneven distribution of data among 

different authorities and institutions influences the development of the Planning and 

Decision Support Tools. 

The developed Planning and Decision Support Tools enable decision maker to plan and 

manage the challenges in a cost- and time as well as target-oriented way. Financial 

resources for water management are limited. Thus, the Planning and Decision Support 

Tools have to be able to prioritise the locations for measures in an integrated, 

transparent and comprehensible way.   

2.1.2 Research Design and Activities 

Since the International Conference on Water and the Environment and the United 

Nations Conference on Environment and Development in 1992, IWRM attracted 

worldwide attention. According to the Global Water Partnership (GWP), IWRM is “a 

process which promotes the coordinated development and management of water, land 

and related resources in order to maximise economic and social welfare in an equitable 

manner without compromising the sustainability of vital ecosystems and the 

environment” (GWP 2000). 

According to the Agenda 21 “Integrated Water Resources Management” is based on the 

perception of water as an integral part of an ecosystem, a natural resource and a social 

and economic good, whose quantity and quality determine the nature of its utilisation. 

Water resources have to be protected, taking into account the functioning of aquatic 

ecosystems and the perenniality of the resource, in order to satisfy and reconcile needs 

for water in human activities. In developing and using water resources, a priority has to 

be given to the satisfaction of basic needs and the safeguarding of ecosystems” 

(UNCED 1993). 

The overall objective of IWRM is “to satisfy the freshwater needs of all countries for 

their sustainable development”. With the focus on water planning with regard to IWRM 

it should be noted that “the development of interactive databases, forecast models and 

economic planning models appropriate to the task of managing water resources in an 

efficient and sustainable manner will require the application of new techniques such as 

geographical information systems and expert systems to gather, assimilate, analyse and 

display multisectoral information and to optimise decision making” (UNCED 1993). 

2.1.3 Data quality and Data management 

The underlying database essentially consists of spatial geodata with reference to water 

management. This data was entered in a “Personal Geodatabase” in ArcGIS. This is a 

database, in which spatial geodata can be administered, edited and analysed.  

The developed Planning and Decision Support Tools are based on data and information 

currently available in South Africa. One essential step in this process was homogenising 

the available data. 
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Analogue data sources that were used include, among others: 

 Topographic, geologic soil maps 

 Reports on water supply and sanitation 

 Information on commercial, industrial facilities, mines and settlements 

Digital data sources that were used include, among others: 

 Data on waterbody systems 

 Data on land use 

 Data on administrative units  

Researching, revising and reprocessing this data often proved to be labour-intensive and 

time consuming: 

 Data had to be requested from many different authorities and institutions. In 

many cases it was initially unknown, where specific data and information was 

kept at all. 

 Much of the spatial geodata in digital form had to be reprocessed, as it included 

inconsistencies, some information in attribute tables included gaps, different 

reference systems were used, polygons and lines had been digitised wrongly and 

different formats had been used. 

 The planning and decision support tools can only be applied with projected 

spatial geodata. For this reason, a standardised projection was used for the 

spatial geodata (WGS 1984, UTM 35 S).  

 Some missing metadata made error correction in spatial geodata difficult, so that 

supplementary research became necessary. 

Within the scope of integration of spatial geodata into the “Personal Geodatabase” data 

inconsistencies rooted in data management and data processing by South African 

authorities became apparent. 

 Spatial geodata was kept on the administrative level and was therefore often 

imprecise on the river basin level. 

 Spatial geodata featured a large number of technical deficits: gaps between 

polygons, overlapping polygons, interrupted lines etc. 

The data inconsistencies that were encountered led to a layered data management 

approach. The following steps were carried out to build a consistent geodatabase: 

 Plausibility evaluation: Examination of data content.  

 Consistency evaluation: Technical examination of geodata using the ArcGIS 

topology functions.  

 Post processing: Definition of digitisation rules, meta-information and attribute 

tables. 

The inconsistencies could be sufficiently corrected to permit plausible and well 

informed statements for the river basin.  
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2.1.4 Administration/Laws 

In order to discuss the water quality issues on the national level the Department of 

Water Affairs (DWA) published the “Water Resources Planning System Series” 

(DWAF, 2006a and 2006b). This series deals with political processes, strategies and 

management tools for assessing the water quality.  

According to the statement of the DWAF (2006b), “Integrated water quality 

management should be implemented in a cyclical process aimed at continual 

improvement (fundamental to the principle of adaptive management). This cycle occurs 

at a number of different levels. They range from individual (local) source and resource 

management initiatives (short-term) through re-consideration of the catchment 

management strategy (medium-term) to re-consideration of the resource directed 

measures and vision (long term)”. 

Following the DWA (DWA 2011), “water quality planning is directed at addressing the 

following key issues facing water resource management: 

 Balancing the degree to which water and water quality, is used (e.g. for socio-

economic development) with the degree of protection of water resources as 

natural systems (for current and future generations) requires both political and 

scientific considerations.  

 The nature of the imbalance between the requirement for and supply of water 

and water quality is such that equitable allocation of these resources is not 

possible without management intervention. 

 Resource directed management of water quality requires certain specialist skills, 

while decision making is often complex and may have to be based on uncertain 

or incomplete data and information. 

 Consistent nationwide application of legislation relating to management of water 

quality is essential.” 

In order to assess the water quality according to the National Water Resource Strategy 

(DWAF, 2004a and 2004b) and the Resource Directed Management of Water Quality 

(DWAF 2006a and 2006b) the approach adopted in these reports includes resource 

oriented measures to protect water resources on the one hand and measures to control 

the pollution sources on the other hand.  

An assessment of the water quality of all river basins in South Africa is reported in a 

study of the DWA (2011). This study provides information on the assessment of point 

and diffuse sources, the environmental conditions of the river basins as well as the 

impact of human activities on water resources and ecosystems. 

The Planning and Decision Support Tools follows the strategy of the DWAF (2004a 

and 2004b) and improves and specifies the methodology of the DWA (2011) using the 

example of the Middle Olifants sub-basin.  
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2.1.5 Methods 

The method follows the basic ideas of risk assessment for water quality. It is based on 

concepts for ecological risk analysis, which in Germany have been originally developed 

for example by Kiemstedt, Bachfischer (1978) and later completed during further 

development according to the European Law of Environmental Impact Assessment 

from 1985 and amended in 1997, 2003 and 2009 (EC 2011). In comparison to the 

European concept, the Environmental Protection Agency in the United States published 

its Guidelines for Ecological Risk Assessment in 1998 (EPA 1998). 

The developed method consists of a contamination risk assessment (water quality). The 

principle idea for contamination risk assessment is to combine contamination potentials 

(originating from land uses) and the sensitivity of natural resources (in this case water 

resources), which results in a contamination risk. Two-dimensional matrices are used to 

aggregate the contamination potential and the sensitivity of water resources into the 

risk. The matrices are applied to determine the risk on a scale with the classes “low”, 

“medium” and “high” (Jolk, 2010; Greassidis, 2011, Zindler, 2012). 

2.1.5.1 Project area 

The investigated Middle Olifants sub-basin is located in the provinces Limpopo, 

Gauteng and Mpumalanga in the Northeast of South Africa (see Fig. 2.1-1).  

 

Figure 2.1-1: Overview 

 (Compiled by the authors) 
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Starting at the outlet of the Loskop Dam the Olifants flows in a northern direction until 

it joins the Flag Bohilo Dam. Larger tributaries in this river section are the Moses and 

the Elands. After the Olifants leaves the Flag Boshilo Dam, it is deflected to the 

Northeast by the Wolkenberg Mountains. At the confluence of the Steelport and the 

Olifants the middle river section of the Olifants ends (see Fig. 2.1-2).  

The massif of the Wolkenberg Mountains mainly consists of intrusive rocks. 

Furthermore, extensive sheets of basalt are located in the Springbok Flats, an area in the 

western part of the Middle Olifants sub-basin. Quaternary deposits can be found in the 

river valleys and the flood plains. In particular, the basalts are aquifers with a high 

yield. 

A large part of the Middle Olifants sub-basin is used for agriculture. Predominately 

maize is grown in rain fed agriculture. Soybean, cotton, vegetable, citrus fruits, wheat 

and tobacco are grown on irrigated fields. Large irrigated areas are found in the river 

valleys of the Olifants, the Elands and the Moses in close proximity to Loskop Dam and 

Flag Boshilo Dam. Rain fed agriculture is found primarily in the Springbok Flats or in 

areas east of the Olifants.  

Main water users are agriculture, for irrigation purposes and rural and urban population, 

for drinking water supply. Other important water users are hydro electrical power 

stations and mines.  

The Planning and Decision Support Tools are being applied on the sub-basin level. In 

the present case, quaternary catchments (QC, catchments with 4
th

 order) classified by 

the DWA were used. Each quaternary catchment has a unique identity number (see Fig. 

2.1-3). 
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2.1.5.2 Planning level concept and river sub-catchments 

The planning level concept facilitates an examination of the entire river basin (planning 

level river basin), which is layered and problem oriented and efficient at the same time, 

in an overview exploration (scale approx. 1:300,000) to define river sub-catchments 

(quaternary catchments) with increased problem intensity and a prioritised call for 

action (hot spot areas). Figure 2.1-4 depicts the underlying planning pyramid with five 

stacked planning levels. 

 

Figure 2.1-4: Planning levels for IWRM 

 (Compiled by the authors) 

International guidelines 

This planning level is used to develop international IWRM guidelines. Main 

stakeholders are e.g. the GWP, UNESCO, the World Bank and the Asian Development 

Bank. On this level IWRM principles are developed and discussed critically. 

South African Government 

The National Water Resource Strategy provides the framework within water will be 

managed at regional or catchment level, in defining water management areas (DWAF, 

n. d.). 

Catchment 

This sub-project chiefly acts on the ‘catchment’ planning level. The goal here is to 

determine quaternary catchments with increased need for action regarding water quality 

and to prioritise these.  

Quaternary catchments 

This planning level is used to name specific water management measures on the basis of 

detailed inquiries in order to remedy the discovered problems and to make decisions on 

specific locations (monitoring, wastewater disposal, drinking water generation etc.).  
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Local level/sites 

The local level is used to carry out object planning (monitoring, wastewater disposal, 

drinking water generation etc.) at the previously pinpointed locations within the areas 

with increased need for action. 

2.1.5.3 Method, Planning and Decision Support Tools 

According to Jolk (2010), Greassidis (2011) and Zindler (2012) the quaternary 

catchments are the spatial basis on which Planning and Decision Support Tools are 

being applied. The Planning and Decision Support Tools are instruments to spatially 

identify and prioritise contamination risks (e.g. diffuse agricultural contamination 

sources or industrial point sources). Figure 2.1-5 is showing the tools of the developed 

method. 

 The Contamination Risk Tool is used for risk assessment of water quality 

aspects (ground- and surface water). (blue boxes) 

 The Ranking Tool identifies quaternary catchments with high problem 

intensities and priority need for IWRM measures (orange box). 

 

 

Figure 2.1-5: Planning and Decision Support Tools 

 (Compiled by the authors) 

The Planning and Decision Support Tools are GIS-based. They enable the user to 

visualise single current situations, contamination risk assessment and the prioritisation 

(ranking) of quaternary catchments. 

2.1.5.3.1 Contamination Risk Tool 

The Contamination Risk Tool is used to analyse the contamination risk of water quality 

of water resources in a quaternary catchment. The method described below is based on 

the estimation of the sensitivity of water resources (groundwater and surface water) and 

the classification of contamination potentials from different sources, developed in the 

R & D project IWRM-Vietnam (Jolk 2010; Greassidis 2011, Zindler 2012).  

The method has been transferred to and adapted on South African conditions. Based on 

the currently higher data resolution in South Africa the methodology could be further 

developed in order to increase the accuracy of the conclusions. 

 Sensitivity of Water Resources + Contamination Potential of Polluters 

 = Contamination Risk 
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The contamination risk assessment is being conducted for three possible contamination 

paths of pollutants that affect the water resources (cf. Figure 2.1-6): 

1) Infiltration (into groundwater): Solute pollutants from diffuse and point sources 

directly infiltrate into the groundwater (e.g. nitrate from agricultural sources, 

domestic wastewater, industrial wastewater, mine water) 

2) Erosive runoff (into surface water): Pollutants from diffuse sources are being 

transported by (erosive) runoff into the surface water (e.g. phosphate and 

pesticides from fields adsorbed to sediments or organic matter) 

3) Direct discharge (into surface water): Pollutants from point sources are being 

discharged into the surface water (e.g. domestic wastewater, industrial 

wastewater, mine water, seeping landfills) 

Figure 2.1-6 is showing the possible contamination paths for the Middle Olifants 

sub-basin. 

Figure 2.1-6: Contamination pathways 

 (Compiled by the authors) 

The contamination risk is evaluated according to these paths. It consists of two 

elements, contamination potential and water resources sensitivity. The contamination 

potential describes the ability of a certain polluter to negatively affect the water 

resources and is graded into four classes (no, low, medium, high). Only the most 

relevant polluters for the evaluation of contamination risks in each path have been 

selected for closer evaluation. These are, for path 1 (infiltration into groundwater) 

agricultural areas, settlements and point sources (e.g. industries, mines), for path 2 

(erosive runoff) agricultural areas and for path 3 (direct discharge) settlements and point 

sources (e.g. industries, mines) (Zindler, 2012 [with reference to South African 

conditions]). 

The sensitivity of water resources describes the relative ease of a contaminant applied 

on or near the land surface to migrate into the water resource. It is a function of 

different natural characteristics. Sensitivity is graded into five classes (no, low, medium, 

high, very high). If more than one parameter is being considered to assess a sensitivity 

class, matrices help to aggregate different class values into a final class. Parameters 

considered to assess the sensitivity of groundwater are the aquifer type and areas with 
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an intense use of groundwater (high density of wells). The sensitivity of surface water is 

assessed according to the parameters of potential soil erosion and the ecological status. 

The specific regional characteristics of the different project areas are considered 

(Zindler 2012 [with reference to South African conditions]). 

The Contamination Risk Tool and the visualisation of its results are GIS-based. The tool 

identifies hot spot quaternary catchments regarding the risk of contamination for water 

resources and helps decision makers to analyse contamination potentials from different 

sources.  

Table 2.1-1 provides an overview of the combinations leading to qualitative water risk 

assessment and the resulting available maps. These maps are compiled in a planning 

atlas (together with additional maps, tables and text). Disy develops a web-viewer 

version of the atlas (Jolk 2010; Greassidis 2011, Zindler 2012). 

Table 2.1-1: Aggregation of sensitivity and contamination potential into contamination risk.  

 

The following describes how the methods for determining resource sensitivity, 

contamination potential and contamination risk for the Middle Olifants sub-basin are 

structured 

Contamination path 1: infiltration of contaminants into groundwater  

Contamination path 1, groundwater sensitivity 

The resource sensitivity of groundwater is established for the uppermost groundwater 

aquifer, also taking into consideration groundwater use.  

Groundwater resource sensitivity is classified based on runout and groundwater use as 

per table 2.1-2. The runout evaluation of the uppermost groundwater aquifer was carried 

out based on the hydraulic conductivity classes in hydrological cartography for North 

Rhine-Westphalia (NRW) (LANUV NRW 2010). Overlying strata above the 

groundwater aquifers were not included in the consideration, as these cannot be safely 

assessed in the chosen scale of 1:800,000. As the protective effect of overlying strata is 

ignored, the classification of resource sensitivity lies within secure margins. The 

consideration of overlying strata is to be included in subsequent planning levels. 
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Table 2.1-2: Evaluation of groundwater resource sensitivity in the Middle Olifants sub-basin 

Very high 

groundwater 

resource sensitivity 

High groundwater 

resource sensitivity 

Medium 

groundwater 

resource sensitivity 

Low groundwater 

resource sensitivity 

Increased 

groundwater use  

 

Solid rock with 

high runoff 

(e.g. basalt) 

 

Floodplains with 

low depth to water 

table 

Solid rock with 

medium runoff (e.g. 

alternating layers of 

sandstone, shale) 

 

Loose rock with 

medium runoff (e.g. 

sand) 

Solid rock with low 

runoff (e.g. granite) 

 (cf. Barnard 1999; Du Toit 1998, 1999, 2003) 

Figure 2.1-7 depicts the resulting map for groundwater resource sensitivity in the 

Middle Olifants sub-basin. Areas with high groundwater use (wells) are characterised 

by high resource sensitivity. They are shown hatched. This characterisation is based on 

existing risks through contaminant inflow due to unprofessional well construction or 

well use. A further justification for this characterisation is the special need for 

protection of the directly used groundwater resource. 

Areas with the classification “high” are depicted in red, those with “medium” resource 

sensitivity in orange and those with “low” resource sensitivity in green. 

  



- 31 - 

 

 

 

F
ig

u
re

 2
.1

-7
: 

P
at

h
 1

 –
 S

en
si

ti
v
it

y
, 
g
ro

u
n
d
w

at
er

 

 
(g

re
en

: 
aq

u
if

er
 t

y
p
e 

w
it

h
 l

o
w

 p
ro

d
u
ct

iv
it

y
; 

o
ra

n
g
e:

 a
q
u
if

er
 t

y
p
e 

w
it

h
 m

ed
iu

m
 p

ro
d
u

ct
iv

it
y

; 
re

d
: 

aq
u

if
er

 t
y

p
e 

w
it

h
 

h
ig

h
 p

ro
d
u
ct

iv
it

y
; 

h
at

ch
ed

: 
ar

ea
 w

it
h
 i

n
te

n
se

 g
ro

u
n
d
w

at
er

 u
se

) 
(C

o
m

p
il

ed
 b

y
 t

h
e 

au
th

o
rs

) 

 

 

  



MOSA – Phase II Summary Report 

Contamination path 1, contamination potential 

Distinction is made between the following possible contamination potentials: 

 Contamination potential of diffuse sources through infiltration of agricultural 

contaminants 

 Contamination potential of diffuse sources through infiltration of settlement 

wastewater 

 Contamination potential of point sources through infiltration of contaminants 

(commercial, industrial, dumpsites, mines) 

Contamination potential of diffuse sources through infiltration of agricultural 

contaminants 

For agricultural areas a contamination potential through infiltration of nutrients is 

assumed. The nutrient availability potential is differentiated according to different land 

use classes (cf. Moolman 1999).  

Figure 2.1-8 depicts the contamination potential of diffuse sources through infiltration 

of agricultural contaminants. The agricultural areas were defined based on the South 

African National Land-Cover Database (Fairbanks 2000).  

All agricultural areas are classified due to their nutrient availability potential in three 

contamination potential classes. Areas with a “high” nutrient available potential are 

depicted in red, those with a “medium” nutrient availability potential in orange and 

those with “low” nutrient availability potential in green. 
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The following table (2.1-3) shows the relationship of the land use classes and the 

contamination potential.  

Table 2.1-3: Contamination potential land use classes 

Land use classes Contamination potential 

Bare rock and soil 

(erosion: dongas/gullies) 

medium 

Bare rock and soil (erosion: sheet) medium 

Bare rock and soil (natural) low 

Cultivated: permanent – commercial 

dryland 

high 

Cultivated: permanent – commercial 

irrigated 

high 

Cultivated: temporary – commercial 

dryland 

high 

Cultivated: temporary – commercial 

irrigated 

high 

Cultivated: temporary – semi-

commercial/subsistence dryland 

high 

Cultivated: temporary – semi-

commercial/subsistence irrigated 

high 

Degraded: forest and woodland medium 

Degraded: thicket and bushland (etc.) medium 

Degraded: unimproved (natural) 

grassland 

low 

Forest (indigenous) low 

Woodland low 

Forest plantations (Acacia spp.) medium 

Forest plantations (deforestation) medium 

Forest plantations (Eucalyptus spp.) medium 

Forest plantations (other, mixed spp.) medium 

Forest plantations (Pine spp.) medium 

Improved grassland medium 

Thicket, Bushland, Bush Clumps, High 

Fynbos 

low 

Unimproved (natural) grassland low 

Wetlands low 

 (cf. Moolman, 1999) 
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Contamination potential of diffuse sources through infiltration of settlement wastewater 

Settlements are assumed to have a contamination potential through wastewater 

infiltration. There are wastewater treatment plants in the Middle Olifants sub-basin, but 

because of the improper operation of the plants and the predominant renovation backlog 

it could be expected that wastewater is infiltrating.  

Settlement density and the location of single houses are used as a basis to classify 

contamination potential. It is assessed by using topographical maps of South Africa 

(1:50.000).  

The classification of contamination potentials from diffuse sources through wastewater 

infiltration is carried out according to settlement classes in three grades as per Table 

2.1-4. Settlements with high density are classified as having a “high” contamination 

potential.  

Table 2.1-4: Path 1 – Contamination potential of diffuse sources through infiltration of 

settlement wastewater 

Settlement classes Contamination potential 

Metropolitan area high 

Rural – Dense Village high 

Rural – Small Village medium 

Working Town medium 

Farming medium 

Rural Scattered low 

Single Building low 

Figure 2.1-9 depicts the contamination potential of diffuse sources through infiltration 

of settlement wastewater. The contamination potential of red areas is “high”, the 

contamination potential of orange areas is “medium”. Green areas have a “low” 

contamination potential. 
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Contamination potential of point sources through infiltration of contaminants 

For point sources, such as commercial, industrial facilities and mines a contamination 

potential through infiltration of contaminants is assumed, it is considered that most of 

these facilities do not yet take sufficient actions for groundwater protection. 

A comprehensive registry with applied substances is not yet available or is still being 

set up by the authorities. For an initial evaluation on the river basin level the 

topographical maps of South Africa (1:50.000) as well as data of the Ministry of 

Mineral Resources were used.  

By analysing aerial images an exact site localisation of the point sources (e.g. dumps, 

pits, landfills) has been done. All locations were assigned a sphere of influence 500 m) 

along the lines of the EU Water Framework Directive (Raschke 2005).  

Table 2.1-5 lists the point sources in the Middle Olifants sub-basin. The classification of 

contamination potential classes is based on the production branches and the types of 

mineral being exploited in the different mines (Gauteng Department of Agriculture, 

Environment and Conservation, 2008).  

Table 2.1-5: Path 1 – Contamination potential of point sources through infiltration of point 

sources 

Type of point sources Contamination 

potential 

Factory low 

Dumps, mines, sludge ponds 

(andalusite, clay, kaolin, shale, sand, 

aggregate, diamond (alluvial), 

limestone, lime, fireclay, magnesite, 

attapulgite, montmorillonite, silica) 

low 

Dumps, mines, sludge ponds 

(diamond (kimberlite), fluorspar 

medium 

Dumps, mines, sludge ponds (PGM 

etc., chrome) 

high 

Power plant medium 

Land fill, dumping ground high 

Rifle range medium 

Storage tank  low 

Figure 2.1-10 depicts the contamination potential of point sources through infiltration of 

point sources. The contamination potential of red areas is “high”, the contamination 

potential of orange areas is “medium”. Green areas have a “low” contamination 

potential.  
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Contamination path 1, groundwater contamination risk 

The groundwater contamination risk is the result of the aggregation of groundwater 

resource sensitivity and the corresponding contamination potential.  

Tables 2.1-6 to 2.1-8 represent the applied aggregations to establish the contamination 

risk for groundwater resources through agriculture, settlements and point sources. These 

contamination risks are classified as “very high”, “high”, “medium” and “low”.  

Table 2.1-6: Path 1 – Groundwater contamination risk through infiltration of agricultural 

contaminants  

Contamination potential agriculture

Path 1 -

Contamination risk

agriculture

Medium

High

HighHigh

Low

HighMediumLow

Low

Low

Very high Very highVery high

High

Low

Very high

Medium Medium

Medium

None

No

No

No

No

Sensitivity 

groundwater 

 

Table 2.1-7: Path 1 – Groundwater contamination risk through infiltration of settlement 

wastewater  

Contamination potential settlements

Path 1 -

Contamination risk

settlements

Medium

High

HighHigh

Low

HighMediumLow

Low

Low

Very high Very highVery high

High

Low

Very high

Medium Medium

Medium

None

No

No

No

No

Sensitivity 

groundwater 

 

Table 2.1-8: Path 1 – Groundwater contamination risk through infiltration of contaminants 

from point sources 

Contamination potential point sources

Medium

High

HighHigh

Low

HighMediumLow

Low

Low

Very high Very highVery high

High

Low

Very high

Medium Medium

Medium

None

No

No

No

No

Path 1 -

Contamination risk

point sources

 Sensitivity

groundwater

 

Figures 2.1-11 to 2.1-13 depict the groundwater contamination risk in the Middle 

Olifants sub-basin. The contamination risk of red areas is “high”, the contamination risk 

of orange areas is “medium”. Green areas have a low contamination risk. Grey areas 

have no contamination risk. Overall, the results for the Middle Olifants sub-basin show 

large areas with an increased contamination risk, especially due to agriculture and point 

sources. Vast areas with an increased contamination risk are highly relevant for water 

supply (wells) at the same time. A reduction of the contamination risk, for example 

through water protection concepts, is indicated.  
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Contamination path 2: erosive runoff and/or erosive discharge of contaminants 

into surface waterbodies  

Contamination path 2, surface water sensitivity 

Erosion 

To analyse the erosive runoff and/or erosive discharge of contaminants into surface 

waterbodies, the methodology of Moolman (1999) is used to estimate the sediment 

availability potential. The sediment availability potential is calculated by aggregating 

wash off potential with sediment production potential (cf. Table 2.1-9). 

According to the methodology of Moolman (1999) the following input variables were 

used in a GIS-based intersection to calculate the sediment production potential: 

Sediment availability potential  

 Soil erodibility 

 Land cover 

Wash off potential  

 Mean annual rainfall  

 Rainfall erodibility  

 Slope 

Soil erodibility describes the resistance of soil to detachment and transport. The land 

cover factor measures the impact of land use on the erodibility of a surface. 

Precipitation and the rainfall erodibility describe the influence of the precipitate on 

erosion. The topography factor describes the influence of topography on soil loss 

measured on the slope. 

Table 2.1-9:  Classification of the sediment production potential 

Sediment production potential Wash off potential 

low medium high 

Sediment availability 

potential 

low low low low 

medium low medium  medium 

high low high high 

The classification of the potential soil loss is based on South African conditions. To 

further optimise the application and methodology of Moolman (1999) an adaptation of 

the input variables to present data was carried out (Figure 2.1-14). 
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Water withdrawal 

Starting from the analysis of drinking water withdrawals at dams and surface water, 

areas have been identified, in which water contaminations can have a negative impact 

on the reservoirs and drinking water abstraction points (hatched areas in Figure 2.1-15). 

Detailed information on water withdrawals are available from the studies “Development 

of a reconciliation strategy for all towns in the Northern Region”, at the municipal level, 

commissioned by the Department of Water Affairs (Directorate: National Water 

Resources Planning). 

Ecological status 

Potentially sensitive areas could be identified on the basis of a study by the Council for 

Science and Industrial Research (CSIR) and the South African National Biodiversity 

Institute (SANBI) (Nel 2012) on environmental protection areas. 

Regarding the research of Nel (2012) both aquatic ecosystems and wetlands as well as 

fish sanctuaries and protection areas with priority are included in the sensitivity 

analysis. The most important context in which the “Freshwater Ecosystem Priority 

Areas” (FEPAS) can be institutionalised is the development of Resource Quality 

Objectives (RQOs) which, according to DWAF (2004a and 2004b), has to be 

designated on the national level. It should also be noted that the DWA acknowledges 

the FEPAS to derive the RQOs (Nel 2011). The ultimate definition of the RQOs was 

not completed at the time the report was written (DWA 2014). 

FEPA regions include current and planned fish sanctuaries with a good ecological status 

(Ecological Category A or B) as well as wetland clusters on the one hand and the 

categories “Fish Support Area” and “Upstream management area” on the other hand. 

Fish sanctuaries within a region with an ecological category worse than B are called 

“Fish Support Areas”. “Upstream Management Areas” are sub-quaternary catchments 

where human activity must be controlled in order to prevent the degradation of 

downstream FEPAS and “Fish Support Areas” (cf. Nel 2012). 

The evaluation of surface waterbody resource sensitivity was categorised as “very 

high”, “high”, “medium” and “low”. 

  



MOSA – Phase II Summary Report 

 

 

 

F
ig

u
re

 2
.1

-1
5

: 
P

at
h

 2
 –

 S
en

si
ti

v
it

y
, 
su

rf
ac

e 
w

at
er

 

 
(g

re
en

: 
lo

w
; 

o
ra

n
g
e:

 m
ed

iu
m

; 
re

d
: 

h
ig

h
; 

b
la

ck
 h

at
ch

ed
 v

er
y
 h

ig
h
) 

(C
o
m

p
il

ed
 b

y
 t

h
e 

au
th

o
rs

) 

 

 

  



- 47 - 

Contamination path 2, contamination potential  

The following contamination potential was considered for contamination path 2: 

 Contamination potential of diffuse sources through discharge of agricultural 

contaminants 

Contamination potential of diffuse sources through erosive runoff of agricultural 

contaminants 

For agricultural areas a contamination potential through infiltration of nutrients is 

assumed. The nutrient availability potential is differentiated according to different land 

use classes (cf. Moolman 1999).  

Figure 2.1-16 depicts the contamination potential of diffuse sources through erosive 

runoff of agricultural contaminants. The agricultural areas were defined based on the 

South African National Land-Cover Database (Fairbanks 2000).  

All agricultural areas are classified based on their nutrient availability potential in three 

contamination potential classes. Areas with a “high” nutrient available potential are 

depicted in red, those with a “medium” nutrient availability potential in orange and 

those with “low” nutrient availability potential in green. 
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Contamination path 2, surface waterbody contamination risk 

The surface waterbody contamination risk results from an aggregation of the erosion 

and the contamination potential from diffuse agricultural sources due to erosive runoff 

of agricultural contaminants and the surface waterbody resource sensitivity (ecological 

status). 

Table 2.1-10: Path 2 – Surface waterbody contamination risk due to erosive runoff of 

agricultural contaminants 

Contamination potential agriculture

Contamination potential

agriculture - Erosion

Medium

High

HighHigh

Low

HighMediumLow

Low

Low

Very high Very highVery high

High

Low

Very high

Medium Medium

Medium

None

No

No

No

No

Sensitivity 

surface water - 

Erosion

 

Contamination potential agriculture - Erosion

Path 2 -

Contamination risk

agriculture

High

HighHigh

HighMediumLow

Low

Very high Very highVery high

High

Low

Very high

Medium Medium

Medium

None

No

No

No

No

Sensitivity 

surface water

HighMedium

Medium

 

As per Table 2.1-10 the evaluation levels were “very high”, “high”, “medium” and 

“low”. Figure 2.1-17 depicts the surface waterbody contamination risk due to diffuse 

discharge of agricultural contaminants.  

  



MOSA – Phase II Summary Report 

 

 

 

F
ig

u
re

 2
.1

-1
7

: 
P

at
h

 2
 –

 S
u

rf
ac

e 
w

at
er

b
o
d
y
 c

o
n
ta

m
in

at
io

n
 r

is
k
 d

u
e 

to
 d

if
fu

se
  

d
is

ch
ar

g
e 

o
f 

ag
ri

cu
lt

u
ra

l 
co

n
ta

m
in

an
ts

 

 
(g

re
en

: 
lo

w
; 

o
ra

n
g
e:

 m
ed

iu
m

; 
re

d
: 

h
ig

h
; 

b
la

ck
 h

at
ch

ed
: 

v
er

y
 h

ig
h
) 

(C
o
m

p
il

ed
 b

y
 t

h
e 

au
th

o
rs

) 

 

  



- 51 - 

Contamination path 3: direct discharge of contaminants into surface waterbodies 

Contamination path 3, surface water use sensitivity 

Potentially sensitive areas could be identified on the basis of a study by the Council for 

Science and Industrial Research (CSIR) and the South African National Biodiversity 

Institute (SANBI) (Nel 2012) on environmental protection areas. 

Regarding the research of Nel (2012) both aquatic ecosystems and wetlands as well as 

fish sanctuaries and protection areas with priority are included in the sensitivity 

analysis. The most important context in which the “Freshwater ecosystem priority 

areas” (FEPAS) can be institutionalised is the development of the Resource Quality 

Objectives (RQOs) which, according to DWAF (2004a and 2004b), has to be 

designated on the national level. It should also be noted that the DWA acknowledges 

the FEPAS to derive the RQOs (Nel 2011). The ultimate definition of the RQOs was 

not completed at the time the report was written (DWA, 2014). 

FEPA regions include current and planned fish sanctuaries with a good ecological status 

(Ecological Category A or B) as well as wetland clusters on the one hand and the 

categories “Fish Support Area” and “Upstream management area” on the other hand. 

Fish sanctuaries within a region with an ecological category worse than B are called 

“Fish Support Areas”. “Upstream Management Areas” are sub-quaternary catchments 

where human activity must be controlled in order to prevent the degradation of 

downstream FEPAS and “Fish Support Areas” (see. Nel 2012). 

In addition to this, the use of surface water (drinking water abstraction points at dams 

and surface water) as well as environmental protection status was taken into account. 

Detailed information on water withdrawals are available from the studies “Development 

of a reconciliation strategy for all towns in the Northern Region”, at the municipal level, 

commissioned by the Department of Water Affairs (Directorate: National Water 

Resources Planning). 

Starting from the analysis of drinking water withdrawals at dams and surface water, 

areas have been identified, in which water contaminations can have a negative impact 

on the reservoirs and drinking water abstraction points (hatched areas in Figure 2.1-18). 
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Contamination path 3, contamination potential 

The following contamination potentials were distinguished for contamination path 3: 

 Contamination potential due to direct discharge of wastewater from 

settlements into surface waterbodies 

 Contamination potential due to direct discharge of wastewater from point 

sources into surface waterbodies 

Contamination potential due to direct discharge of wastewater from settlements 

Settlements are assumed to have a contamination potential through direct discharge of 

wastewater. There are wastewater treatment plants in the Middle Olifants sub-basin, but 

because of the improper operation of the plants and the predominant renovation backlog 

it could be expected that untreated wastewater is discharged into the rivers.  

It was possible to carry out the classification of the contamination potential based on the 

evaluation of the wastewater treatment plants in the Middle Olifants sub-basin in the 

Green Drop Report (DWA 2012) and studies of REMONDIS (see Chapter 2.6). The 

cartographic data are based on the topographic maps of South Africa at a scale of 

1: 50,000. 

The classification of the contamination potential of the wastewater treatment plants is 

carried out according to the key figures of the Green Drop Report and the statements of 

REMONDIS. Such figures and statements reflect the current structural and operational 

status of the wastewater treatment plants. 

Table 2.1-11 shows the classification of the wastewater treatment plants and the 

corresponding classification of the contamination potential. Downstream effects are 

included in the evaluation. The worst case is assumed. The wastewater load is 

considered to be constant, self-cleaning processes of the rivers will not be considered. 

Table 2.1-11:  Path 3 – Contamination potential of discharge of settlement wastewater 

Wastewater treatment plant Contamination potential 

Low water treatment performance high 

Medium water treatment performance medium 

High water treatment performance low 

 

Figure 2.1-19 depicts the contamination potential due to discharge of wastewater by 

wastewater treatment plants. The contamination potential of red coloured river sections 

is “high”, the contamination potential of orange river sections is “medium”. Green river 

sections have a “low” contamination potential.  
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Contamination potential due to discharge of wastewater from point sources 

For point sources, such as commercial, industrial facilities and mines a contamination 

potential through direct discharge of contaminants is assumed. It is considered that most 

of these facilities do not yet take sufficient actions for groundwater protection. 

A comprehensive registry with applied substances is not yet available or still being set 

up by the authorities. For an initial evaluation on the river basin level the topographical 

maps of South Africa (1:50,000) as well as data of the Ministry of Mineral Resources 

were used.  

By analysing aerial images an exact site localisation of the point sources (e.g. dumps, 

pits, landfills) has been carried out. All locations located in a 200 m distance from the 

next river were assigned, along the lines of the EU Water Framework Directive 

(Raschke 2005).  

Table 2.1-12 lists the existing point sources in the Middle Olifants sub-basin. The 

classification of the contamination potential classes is based on the production branches 

and the types of mineral being exploited in the different mines (Gauteng Department of 

Agriculture, Environment and Conservation 2008).  

Table 2.1-12: Path 3 – Contamination potential of point sources through direct discharge of 

point sources 

Type of point sources Contamination potential 

Factory low 

Dumps, mines, sludge ponds 

(andalusite, clay, kaolin, shale, 

sand, aggregate, diamond 

(alluvial), limestone, lime, fireclay, 

magnesite, attapulgite, 

montmorillonite, silica) 

low 

Dumps, mines, sludge ponds 

(diamond (kimberlite), fluorspar 

medium 

Dumps, mines, sludge ponds (PGM 

etc., chrome) 

high 

Power plant medium 

Land fill, dumping ground high 

Rifle range medium 

Storage tank  low 

 

Figure 2.1-20 depicts the contamination potential due to discharge of wastewater by 

point sources. The contamination potential of red coloured river sections is “high”, the 

contamination potential of orange river sections is “medium”. Green river sections have 

a “low” contamination potential. 
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Contamination path 3, surface waterbody contamination risk 

The surface waterbody contamination risk is the result of the aggregation of 

contamination potential and resource sensitivity for surface waterbodies. The emphasis 

here lies in drinking water applications and the ecological protection status. Tables 

2.1-13 to 14 represent the aggregations to establish the contamination risk due to 

wastewater discharge from settlements and point sources. 

Table 2.1-13: Path 3 – Contamination risk for surface waterbodies due to discharge of 

wastewater from settlements 

Contamination potential settlements

Path 3 -

Contamination risk

settlements

Medium

High

HighHigh

Low

HighMediumLow

Low

Low

Very high Very highVery high

High

Low

Very high

Medium Medium

Medium

None

No

No

No

No

Sensitivity 

 surface water 

 

Table 2.1-14: Path 3 – Contamination risk for surface waterbodies due to discharge of 

wastewater from point sources 

Contamination potential point sources

Path 3 -

Contamination risk

point sources

Medium

High

HighHigh

Low

HighMediumLow

Low

Low

Very high Very highVery high

High

Low

Very high

Medium Medium

Medium

None

No

No

No

No

Sensitivity 

surface water 

 

 

Figure 2.1-21 depicts the resulting contamination risk for surface waterbodies due to 

wastewater discharge from settlements. Figure 2.1-22 depicts the contamination risk 

due to discharge of point source wastewater. 
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2.1.5.3.2 Ranking tool 

According to Jolk (2010), Greassidis (2011) and Zindler (2012) the Ranking Tool 

processes the results of the Contamination Risk Tool (aggregated on quaternary 

catchment basis) in order to prioritise the problem intensities of quaternary catchments 

within a river basin regarding their water quality issues.  

For this ranking, the percentage of areas with a “very high” or “high” contamination 

risk of the entire quaternary catchment respectively the location of point sources and 

their contamination risk were joined up and divided into three ranking classes. Initially 

this was done separately for each contamination path. Within each of the contamination 

paths a ranking was carried out for each contamination risk. 

Figure 2.1-23 depicts an example for the ranking of a contamination risk (ranking the 

contamination source: agriculture, path 1). 

Based on this information decision makers can effectively prepare decisions, 

recommend closer inspections and coordinate measures for quaternary catchments with 

priority need for IWRM measures. 

For all mentioned combinations in table 2.1-1 ranking maps were created. Figure 2.1-24 

as well as the tables 2.1-15 to 2.1-17 summarise the results for all different ranking 

maps for the Middle Olifants sub-basin.  
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Table 2.1-15: Ranking contamination risk path 1 

Ranking 

class 

Agriculture Settlements Point sources 

Number QCs – the portion of areas with „very high“ and „high“ 

contamination risk in the overall Quaternary Catchment area (%) 

1 7 7 3 

2 17 8 4 

3 15 24 32 

 

Table 2.1-16: Ranking contamination risk path 2 

Ranking 

class 

Agriculture 

Number QCs – the portion of areas with „very high“ and „high“ 

contamination risk in the overall Quaternary Catchment area (%) 

1 10 

2 9 

3 20 

 

Table 2.1-17: Ranking contamination risk path 3 

Ranking 

class 

Settlements Point sources 

Number QCs – Combination of point source/settlement location and 

contamination risk „very high“ and „high“ 

1 6 9 

2 11 8 

3 9 11 

 

2.1.5.3.3 Software implementation 

Based on the methodological approached sketched above, a user-friendly and 

sustainable software tool for assessing contamination risks and for ranking hot spot 

areas for potential measures has been built. The software tool combines a spatial data 

warehouse system and a web-based Geographic Information System (Web-GIS). The 
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solution is implemented using the Disy Cadenza middleware
1 

for spatial reporting 

solutions that can be used as follows (Figure 2.1-25): 

 Existing spatial geodata and factual data as well as information from various 

existing heterogeneous sources (databases, existing GIS, files, geodata services) 

can be imported and stored in a unified and harmonised spatial data warehouse.  

 The process of filling the data warehouse with incoming data may comprise 

operations for selecting project relevant data from different sources, checking or 

improving data quality, transforming data to achieve syntactic and semantic 

integrity and consistency and loading the data into one or more specific data 

schemata which facilitate human understanding or which enable more efficient 

execution of analytics functions etc. The totality of such data-manipulation 

operations for filling a data warehouse is called ETL process (extract – 

transform – load operations). 

 Now, Cadenza allows to build up a repository of operation sequences for 

querying, analysing and processing the data in the data warehouse and for finally 

visualising the analysis results as thematic maps, business diagrams, complex 

PDF reports, etc. The thus defined data analysis workflows in the repository can 

be managed with the help of finely grained user and rights management.  

 The Cadenza functionalities and results can be accessed through a desktop tool 

(Cadenza Professional), a WebGIS (Cadenza Web), a tablet based mobile 

solution (Cadenza Mobile) and through standards compliant geodata web 

services. 

 

Figure 2.1-25: Architecture Overview of Disy Cadenza Middleware 

 (Compiled by the authors) 

                                                 

1
 http://www.disy.net/en/products/cadenza.html 
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The risk assessment approach described in Subsections 6.3.1 and 6.3.2, has been 

implemented in Cadenza as follows: 

 Geodata from the South African government, needed to assess the contamination 

paths 1, 2 and 3, was loaded into the data warehouse. As part of the ETL 

processes, data quality was checked and necessary scale and representation 

changes were carried out; then the computation of contamination potential, 

resource sensitivity and contamination risk was implemented as part of the ETL 

processes, as well as the ranking of quaternary catchments according to their 

priority for action needs. 

 Then the data warehouse contained all basic and derived parameters required for 

well-informed IWRM planning and decision making. This information was 

visualised as thematic maps and the maps were provided to end users in the 

public administration through their browsers with the help of the Cadenza Web-

GIS.  

Figure 2.1-26 shows a thematic map about the contamination risk for path 1: agriculture 

created in this way, with a fine resolution, combined with the positions of wells and 

2 km buffers around them. This automatically created map in the Web-GIS corresponds 

to the presentation developed above in Figure 2.1-11. 

 

Figure 2.1-26: Computed thematic map for contamination risk assessment for agriculture, path 

1, shown in Cadenza Web 

 (Compiled by the authors) 

The next illustration (Figure 2.1-27) shows the automatically created ranking map for 

contamination path 3, settlements, in the Web-GIS, with a coarser-grained resolution at 

the level of quaternary catchment areas. Figure 2.1-28 illustrates the combined ranking 

simultaneously showing assessment results with respect to all three contamination 

paths.  
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Figure 2.1-27: Computed ranking map for contamination risk assessment for settlements, path 

3 shown in Cadenza Web 

 (Compiled by the authors) 

 

Figure 2.1-28: Computed overview ranking map combining the risk classifications in all three 

dimensions 

 (Compiled by the authors) 

All the thematic maps visualised in the Web-GIS can also be exported for offline use 

during on-site operations using a tablet (see Figure 2.1-29). With the Cadenza Mobile 

tool, the presentation mode and the user interaction are especially tailored for small 

tablet displays and for difficult environmental conditions during fieldwork. 
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Figure 2.1-29: Using thematic maps offline with the Cadenza Mobile tool 

 (Compiled by the authors) 

Another convenient feature implemented with the help of the Cadenza Report Generator 

tool, is the possibility to preconfigure a document template for compiling all the 

information available in the system for a certain region. At any time when up-to-date 

information about an area is required, the report generation can be run and a bulletin for 

the region in question can be created on demand, with the data and information current 

at that moment in time (Figure 2.1-30). 

 

Figure 2.1-30: On-demand dynamic report generation 

 (Compiled by the authors)  
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To sum up, this software solution architecture ensures that high-quality geodata is kept 

persistently in the data warehouse – and could later also be used for other purposes. The 

methods for risk assessment and priority ranking could be fully automated. The 

presentation of results in a Web-GIS allows for wide dissemination and use of results 

without dedicated software or hardware at the individual workplaces.  

2.1.6 Outcome and Impact  

The application of Planning and Decision Support Tools will enable South African 

stakeholders to make decisions on a scientific basis. The identification process enables 

decision makers to attend effectively to the issues with high priority ratings first. The 

close cooperation of the project and the South African authorities ensures a holistic 

implementation of the tools. Since 2015, the project implemented the web-based system 

at the Department for Water and Sanitation (DWS) in Pretoria. The participation of the 

responsible water agency on the national level guarantees sustainable adjustment and a 

nation-wide transferability of the method to South African conditions. Thus, the 

application of the Planning and Decision Support Tools allows for the improvement of 

water resources management along the principles of IWRM, which will be essential for 

further development in South Africa on a sustainable basis (Zindler, 2012 [with 

reference to South African conditions]). 

The results derived from the developed methods are documented in several reports and 

documents (e.g. “Handbook of methods: Planning and Decision Support Tools for 

IWRM in South Africa” or “IWRM-Atlas: Planning maps and tables for the IWRM in 

South Africa”). The supporting software tools on basis of the “Cadenza Mobile” mobile 

GIS technologies for tablets include the “IWRM Web-Atlas: Web-GIS access to 

planning and decision-support maps” and “IWRM GIS2Go: On-site geodata 

digitalisation tool”. The software tools complement the sustainable use of the method. 

They facilitate easy-to-use, standardised and quality-assured techniques for updating 

data and integrating new data. In a cheap and user-friendly way, the software tools also 

make the planning maps available countrywide through any web browser.  

Besides DWS, German MOSA project partners have made use of the Planning and 

Decision Support Tools. REMONDIS conceptualised a refurbishment of wastewater 

treatment works (see Chapter 2.6) resulting in a reduction of the discharge of untreated 

water into the rivers. Refurbishment alters the contamination potential of the works 

considerably. Using the Planning and Decision Support Tools, Figures 2.1-31 and 

2.1-32 show the results of the calculation of the contamination potentials on a 

quaternary catchment level before and after the refurbishment concept.  
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DHI-WASY used results from the Planning and Decision Support Tools, specifically 

the contamination potentials (agricultural used areas, mining sites, wastewater treatment 

works, water treatment works etc.), for the optimisation of their water quality tool 

(Chapter 2.2). 

The Planning and Decision Support Tools identify quaternary catchments with higher 

need for action (high contamination risks, ranking) and give a structured overview of 

the causes (underlying reports, sensitivity, contamination potential). The next step is to 

go into detailed investigations of the pinpointed problems in the quaternary catchments. 

The German MOSA project partner LAR provides the means for target-orientated 

monitoring campaigns with their development of the “mobile laboratory” (Chapter 2.3). 

The developed Planning and Decision Support Tools allow for a layered, problem-

orientated and efficient examination of entire river basins in South Africa. They initially 

use a systematic overview examination (scale approx. 1:800,000) in order to identify 

quaternary catchments with higher problem intensity and prioritised need for IWRM 

measures (“hot spots”). The next step should be the development of methods to examine 

these previously prioritised quaternary catchments in more depth (scale approx. 

1:50,000) in order to ascertain the types, extensions and locations for necessary IWRM 

measures.  

Further development of the software tools should comprise OGC-compliant web-service 

interfaces for standards-based programmatic access to the underlying Geographic 

Information System. In the long-term, interesting extensions could be (i) the systematic 

integration of mobile tools into administrative work processes and (ii) the coupling of 

strategic planning and decision-support tools with actual “real-time” operational 

monitoring systems.  
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B. Water Quality Planning in the Olifants River Catchment 
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* E-mail: mosoal@dws.gov.za 

 

Water quality management issues in the Olifants catchment 

The Olifants River is one of the most threatened rivers in South Africa. The river is one 

of the hardest working rivers in the country. It is highly impacted by the pollution 

emanating from socio-economic related activities taking place in the catchment. 

The potential pollution threats of decants, seeps and spills from active and abandoned 

mines; nutrients emanating from effluent discharges contributed by wastewater 

treatment works; nutrient and toxic organic chemicals from agricultural runoff. 

In 2009 and 2010 the water quality status of the catchment was successively determined 

through a determination of fitness for use concept. This concept involves the objective 

evaluation of available data of how suitable the quality of the water is for its intended 

use. The process involves the setting of resource water quality objectives (RWQOs). In 

setting of RWQOs, the Department strives to achieve a balance between protecting the 

water resource for the downstream users and allowing use and development of the water 

resource upstream of the river reach selected for the RWQOs. For downstream water 

users the focus lies on protecting the water quality in order to ensure a healthy 

functional aquatic ecosystem, while also meeting water quality requirements of the 

other recognised water user groups (domestic, agricultural, industrial, recreation and 

aquatic ecosystems) downstream of the RWQOs point. The selected RWQO might also 

restrict the type and extent of water use upstream (as described in Section 21of NWA) 

of the point. Furthermore, the water quality trends at specific monitoring points are 

assessed to identify compare water quality data over time and to identify any 

consistency or trends in data and hence to predict where current WQ management will 

likely take WQ. The water quality status was determined as indicated in Figures B-1 

and B-2. 
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Figure B-1a: Water Quality status: compliance with RWQOS – 2010 

 

Figure B-1b: Water Quality status: compliance with RWQOs – 2013 
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Water quality planning and management initiatives 

The Department features a number of Water Quality management activities taking place 

in the catchment (as outlined in Figure B-3). Some initiatives derive from the water 

sector, such as initiatives from the mining industries in the Upper Olifants Catchment; 

some from private/public partnerships, such as the Strategic Water Partners Network 

(SWPN); others from individual forums such as the Olifants River Forum (ORF). There 

is also a drive in the Department to see the full implementation of the NWA. In recent 

years there has been an intensive stakeholder engagement for the classification and the 

resource quality objectives of significant rivers in the Olifants catchment. 

Other Interventions 

Due to the complexity of the catchment it is clear that in order to save the Olifants 

catchment a truly collaborative approach between the government, the water sector, 

business and communities is required. 

In 2011 the Strategic Technical Task Team (STTT) for Water Quality Management was 

established to address water quality issues in the country in a coordinated manner. The 

team has various levels of stakeholder engagement to improve stakeholder 

communication within DWS and between DWS and the rest of the water sector. 

The technical task team consist of a Core Task Team which consists of representatives 

from various directorates in DWS Head Office. Furthermore, there is a Coordinating 

Committee consisting of the Head Office and the DWS Provincial Office. The STTT 

extends the communication to external stakeholders through intervention projects 

teams. The teams are led by relevant project managers from the DWS Head Office and 

the Provincial Office. 

One of the pilot initiatives of the STTT is to address strategic water quality issues in the 

Olifants in a coordinated manner. The main issues that require collaboration are acid 

mine drainage, salinisation and toxicity; eutrophication/nutrient enrichment and 

microbial contamination. There is a dire need for collaboration between various 

stakeholders to ensure successful implementation of water quality management in the 

catchment. 

The following intervention projects were identified by the task team (Table B-1) 
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Table B-1: List of intervention projects 

The water quality assessment has identified a number of water quality issues in the 

catchment. Because of the complexities of the catchment there is a dire need to apply a 

more collaborative intervention approach. The approach requires a sound water quality 

plan that integrates source controls and resource directed measures to enable effective 

water quality management. 

  

Intervention/Project 

Resource water quality planning: 

• Status assessment, setting of resource water quality objectives; 

Long term planning 

Resource directed measures: 

• Reserve determination; 

Classification and setting of resource quality objectives 

Resource quality services: 

• Monitoring and ecological assessment 

Local Government: 

• Drinking water quality; 

Wastewater management; 

management of diffuse pollution and landfill sites. 

Industry: 

• Management of diffuse wastewater pollution 

Mines: 

• Management of wastewater and diffuse pollution – AMD 

Agriculture: 

• Diffuse pollution  

Remediation and rehabilitation and water reuse 

Compliance monitoring and enforcement  
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There is a number of areas that are imperative for proper water quality planning and 

management. Some of the key aspects of good planning and management include 

extensive data requirements (both in terms of data period, number of samples and 

variables analysed); water quality modelling tools for reconciliation, foresight and 

scenario analysis; availability of cost effective technology to improve water quality at 

the source and the resource level; the capacity and skills in various specialised fields of 

water resource management; and the collaboration and cooperation from various 

stakeholders. 

Water Quality Modelling and Data 

Water quality modelling tools are used locally and internationally to assist with water 

quality management. 

In South Africa there have been several studies that DWS have funded to assess the 

current status of water quality modelling tools, the gaps in data as well as the needs of 

the country for these tools. Many of these models are propriety international models that 

need to be customised for our conditions or are commercially available at high prices 

(purchase and license prices). Despite these studies there is a still a lack of competent 

water quality modellers and limited models used for water quality management. 

Coupled to this is the lack of confidence in the modelled outcomes due to the shortage 

of data (many variables not monitored frequently enough) that these models require. 

There is an urgent need for the continued support of local water quality models and 

skills development through tertiary institutions. 

Technology and skills 

Many effective technologies and approaches are available to improve water quality. A 

tremendously cost-effective approach to improving water quality is through pollution 

prevention. Appropriate technologies, skills, capacity and resources such as funding 

need to be made available to communities to implement needed technology and 

infrastructure. If pollution prevention is not applied adequately these lead to poor in-

stream water quality. Ultimately it will require expensive strategies to remediate 

pollution and restore proper functioning of the resource. 

Collaboration and Co-operative Governance 

Multi-sectoral participation in water quality management is required. Sustainable 

management of the Olifants River catchment requires that all sectors of society find 

effective means of working together in partnership. 

The cooperation between various regulatory bodies such as the Department of Water 

and Sanitation, Department of Mineral Resources, Department of Environmental Affairs 

and Department of Agriculture and local government is essential to the improvement of 

water quality management in the Olifants catchment. 

The overarching philosophy is that everybody is downstream and hence water quality 

needs to be collectively and cooperatively managed by all users in civil society.



- 81 - 

Strategy forward 

The STTT identified the need to develop an integrated water quality management and 

implementation plan for the Olifants river system. 

The plan will document the current and possible future water quality issues, the possible 

intervention strategies to address water quality issues and a feasible implementation 

programme of the management options in order to communicate and involve 

stakeholders in the development of the plan. 

The programme is to spell out all required activities of all stakeholders in the catchment 

(What? Who? When? How?...). 

Benefits from MOSA-IWRM project 

Collaborative efforts 

The project was a collaboration of efforts to look at integrated water resource 

management in the Middle Olifants. It included collaboration of different expertise on 

various fields of water resource management. The project engaged a number of 

stakeholders in the Middle Olifants. 

Information sharing 

The project team shared their knowledge on the key areas of planning and management 

value chain. 

Data- Information-Management –Benefit 

In terms of planning, the project team shared their knowledge on the planning and 

decision support tools for IWRM, contamination risk tool. The tool can be beneficial in 

assessing contamination potential from pollutants infiltration into ground water, diffuse 

sources by runoff and direct discharge of pollutants.  

The maps produced for the study area can be beneficial in assessing the contamination 

risk for both ground water and surface water resources in the catchment. 
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2.2 Modelling and Capacity Building 

Anna Zabel; Bertram Monninkhoff; Kai Claussen; Rolf Timmermann; Stefanie Kübler; 

Svitlana Zavgorodnya 

DHI-Wasy GmbH, Volmerstr. 8, 12489 Berlin, Germany 

E-mail: mail@dhi-wasy.de 

DHI-WASY GmbH, Berlin 

The DHI Group is an independent, international consulting and research organisation. 

Our objectives are to advance technological development and competence within the 

fields of water, environment and health. We offer a wide range of consulting services 

and leading edge technologies, software tools, chemical/biological laboratories and 

physical model test facilities as well as field surveys and monitoring programmes. We 

have approximately 1200 employees worldwide. DHI-WASY GmbH is the German 

branch of the DHI group with its headquarters in Berlin. DHI-WASY core activities are 

consulting services in the areas of water management as well as the development of 

water-related software products (with a focus on numerical modelling). DHI-WASY is 

the international centre for groundwater modelling in the DHI Group. DHI-WASY has 

an interdisciplinary team of professional engineers, natural scientists and software 

engineers with outstanding experience at its disposal, including IWRM.  

2.2.1 Objective 

The general objective of MOSA II was to identify measures which bring an 

improvement of the current water supply and overall water management in the project 

region, improvement of water quality, water value flow and supply-side infrastructure. 

In that respect, a further development of the WRM model of MOSA I was the key 

objective for DHI-WASY (Table 2.2-1). From the beginning, this model was embedded 

in both a GIS environment as well as a public awareness campaign. With this method 

the understanding of water management issues as well as the acceptance of potential 

measures could be improved. As an overall objective it was intended to provide DWS 

with a powerful tool for managing the Olifants “Catchment Management Agency” 

(CMA), being envisaged to be implemented until 2016. 

  

mailto:mail@dhi-wasy.de
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Table 2.2-1: Involvement of DHI-WASY (red) in MOSA II 

Component Subtask 1 Subtask 2 Subtask 3 

Component I – Value 

Generating Water 

Intervention 

Measures 

   

Component II – 

Capacity 

Development 

Technologies & 

Facilities Operations 

Institutions & 

Governance 

Awareness 

Building by Use 

of Educational 

Games 

Component III – 

IWRM Modelling 

Further 

Development of the 

(I)WRM Model for 

Application 

Development of 

GIS Tools for the 

(I)WRM Model 

Online Analysis 

and Data Transfer 

System 

Component IV – 

Cross Border 

Dissemination 

   

2.2.2 Research Design and Activities  

In the context of “Integrated Decision Support, Modelling & Capacity Building” DHI-

WASY GmbH developed a detailed water management model. This model also serves 

as a basis for the water game MOSA Water Game, the Decision Support System MIKE 

CUSTOMISED and water quality modelling. The system allows for visualisation of the 

current state as well as predictions in the catchment, it supports decision making and 

informs stakeholders. 

A MIKE HYDRO Basin water resource model has been developed for the project 

region, comprising 39 quaternary catchments of the “Middle Olifants” and taking into 

account the most relevant characteristics of the WRYM model from the Department 

Water and Sanitation (DWS). The MIKE HYDRO Basin quantity model is integrated in 

a decision support system based on the MIKE CUSTOMISED Platform, which allows 

advanced data handling, scenario analysis, real-time application and a multiuser web-

information platform. This tool can support local and national authorities to identify 

effective measures against water scarcity in the Middle Olifants and offers a platform to 

communicate these measures to the stakeholders involved. 

A tailored water game was developed for the Middle Olifants region in South Africa 

(MOSA) on the basis of the game platform Aqua Republica. The game reflects the 

conditions of the Middle Olifants catchment and has been customised to include typical 

features, including agriculture and specific irrigation methods, local industries, mines 

and different ecosystem types. The MOSA Water Game has been developed in the 

Unity game engine, is linked to the MIKE HYDRO Basin water allocation model and 

can be played online in a web browser. MOSA Water Game addresses the need of 

raising awareness and capacity building in sustainable water resource management. It 
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has been presented in stakeholder workshops, at the Eskom Water Week and was used 

for the 2014 South Africa Water Game Challenge. 

2.2.2.1 General Concept 

The overall general concept for IWRM is shown in Figure 2.2-1. Each of the shown 

components will be discussed separately in the following sections. 

 

Figure 2.2-1: IWRM modelling concept 

2.2.2.2 Water Resources and Water Quality 

2.2.2.2.1 Water Resources Modelling 

The design and development of a detailed water management model was realised as the 

basis for the water game, the decision support system and water quality modelling. 

The model covers the 39 quaternary catchments of the Middle Olifants region according 

to DWS definitions. In the initial phase, a “MIKE Basin” (MBasin) model was set up 

and adjusted to successfully reproduce the results of the existing “Water Situation 

Assessment Model” (WSAM) in the region, which was used in Phase I of the project. 

The model setup was simplified, by representing only the surface water component and 

removing the irrigation and groundwater components. The results from the “Water 

Resources Model” (WRM) were presented to the project partners and to a group of local 

stakeholders in Pretoria, during the yearly status meeting in November 2013. The 

difference between WSAM and MBasin corresponds to 1.14 % (see Table 2.2-2). This 

model setup is used in the background of the water game to evaluate the total quantity 

of available water within the catchment and to re-calculate the amount of used water 

during the game. 
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Table 2.2-2: Simulation results from the WSAM and MBasin models 

Parameter WSAM MBasin 

Availability [Mm³/a] 352.2 352.2 

Demand [Mm³/a] 1078.5 1078.5 

Demand without Ecological Reserve  [Mm³/a] 399.4 399.4 

Abstractions/Supply [Mm³/a] 223.9 225.5 

Deficit [Mm³/a] -175.9 -173.9 

After feedback from the local project partners in 2013 it was discussed within the 

project group to use the existing model merely for the game and to progress with a new 

separate model, based on the more widely accepted “Water Resources Yield Model” 

(WRYM) and “Water Resources Planning Model” (WRPM). These are node-and-

channel-network models, which use a sophisticated network solver in order to analyse 

complex water resource systems under various operating scenarios (Pott et al. 2008; 

McKenzie & Rooyen 1998). Detailed information about these models can be found in 

the WRYM User Guide (Rooyen et. al. 2013), in Dempster et al., 2002 and in DWA, 

2010. 

This new MBasin model was initially setup according to the main WRYM/WRPM 

characteristics, these are the same catchment, amount of water users, dams and the 

associated definitions and time series (historical data sets). Driven by analysing the 

measurement data during the calibration process, changes were made to improve the 

simulation results. Further, the MBasin model was upgraded to the newer software 

“MIKE HYDRO Basin” (MH Basin) model, to allow a better continuity of the model 

after project completion and for direct coupling with the water quality component ECO 

Lab. The following model description corresponds to the final setup. Changes to the 

WRYM/WRPM dataset are noted wherever possible. 

Runoff and upstream inflow 

Several of the quaternary catchments are divided into sub-catchments in the WRYM, 

resulting in 53 sub-catchments. Each quaternary catchment was defined with a unique 

specific runoff time series (1915–1999) and each sub-catchment was defined with a 

representative area. The multiplication of the specific runoff with the sub-catchment 

area results in the runoff time series calculated by the model.  

This dataset was extended to cover a more recent time period up to the year 2010. As no 

newer data could be acquired with respect to the hydrology, a method to calculate the 

extension of the runoff time series using the existing data set was developed and 

applied. This consisted in a random selection of monthly runoff data between 1915 and 

1999, for each month individually. For example, to select the runoff value for May 

2005, a random runoff of the months May was selected in the period 1915 and 1999. In 

advance, the existing runoff time series for the quaternary catchments were analysed in 

order to possibly identify a significant global trend, such as increasing runoff values 

over time. No such trend could be observed and thus, the extended time series was used 
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for further simulations. The current time series can easily be updated for this extension 

period and also beyond this period, should new data be made available. 

The Loskop Dam is located along the Olifants River at the downstream part of 

catchment B32A within the Upper Olifants. It stores the inflow from the upstream 

catchments and releases the water into the Middle Olifants. The total downstream 

release from the Loskop Dam into the Middle Olifants in the final setup is not 

originating from the WRYM/WRPM, but has been replaced with a dataset provided 

directly by the DWS. 

Dams 

A total of 14 existing dams and 13 aggregated farm dams was included in the MH Basin 

model. In MH Basin the rule curve reservoir option was chosen and each dam was 

parameterised with an initial water level, a level area volume table, a characteristic level 

time series (bottom level, top of dead storage and dam crest level) and a flood control 

level time series. For all dams operational rules, by which priorities of supply for each 

water user extracting from the dam are regulated, have been added. 

Water Users 

A total of 49 aggregated irrigation users, 4 mines and 5 instances of urban and rural 

water demand, including “Water Treatment Works” (WTW) and water transfers to other 

catchments are represented in the model (see Figure 2.2-2). 

 

Figure 2.2-2: Water users within the Middle Olifants catchment, represented in the WRM 

Each water user is represented by a demand time series and for some irrigation water 

users a return flow time series has been included. 
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Verification and Optimisation 

Measurement data, including runoff at several weirs within the Middle Olifants area is 

available directly from the Hydrological services on the DWS website.  

After the first simulations it was identified that the water extraction from several dams 

was too low, since there were often drops in the measured water levels which could not 

be seen in the simulated results. After consulting with DWS, new abstraction data from 

the reservoirs allowed an update of the abstraction rates from the relevant water users, 

for example for the irrigation demand at the Rust de Winter Dam. However, for some 

reservoirs it remains unclear what is the reason for the historical variations in water 

levels, such as for the Rhenosterkop Dam. The model setup allows an update the 

demand rates or the inclusion of new water users in future. 

Results 

Overall, the model compares well in terms of measured and simulated runoff. The 

runoff time series for the selected gauging station B5H002 (Olifants River, most 

downstream station in the Middle Olifants) is shown in Figure 2.2-3.  

 

 

Figure 2.2-3: Simulated and measured runoff at the station B5H002 

 (Olifants River, downstream station) 

For the reservoirs, a selection of the measured and simulated data of water level, 

volumes or downstream releases is shown in the following figures (Figures 2.2-4 to 

2.2-7) for the Loskop Dam (located along the Olifants River; the most upstream dam in 

the model) and the Flag Boshielo Dam (located along the Olifants River downstream of 

the confluence with the Elands River; the most downstream Dam within the Middle 

Olifants).  
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Figure 2.2-4: Simulated and measured water levels at the Loskop Dam (B3R002) 

 

Figure 2.2-5: Simulated and measured downstream release at the Loskop Dam (B3R002) 

 

Figure 2.2-6: Simulated and measured volume at the Flag Boshielo Dam (B5R002) 

 

Figure 2.2-7: Simulated and measured downstream release at the Flag Boshielo Dam 

(B5R002) 
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The water requirements and water uses represented in the WRM from 1915 to 1999 are 

shown in Figure 2.2-8.  

 

Figure 2.2-8: Simulated water demand, water use, deficit and return flow in the Middle 

Olifants 

The construction of the Loskop Dam is responsible for the remarkable change in the 

water use around 1935. 

Table 2.2-3 shows the overall average water balance in the Middle Olifants for the 

period of 1916–2009, where the average water availability for the WRM is calculated 

based on the following equation: 

 [Water Availability] = 

 [Total runoff within the model area] + [Inflow Loskop Dam] – [Outflow model area] 

 

Table 2.2-3: Water Balance of the Middle Olifants 

Water Resources [Mm³/a] 

Years Runoff Model Area Inflow 

Loskop 

Outflow Model Water 

Availability 

1916–2009 418.2 364.1 562.7 219.6 
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The average demand, water use and deficit, for the year 1916–2009 are shown in Table 

2.2-4. With an average deficit of 71.9 Mm
3
/a out of an average 290.6 Mm³/a water 

demand, the overall relative deficit is approximately 25 %. This figure confirms the 

significant water stress in the region. 

Table 2.2-4: Average water demand, water use and deficit in the Middle Olifants in the years 

1916 to 2009 [Mm
3
/a]  

1916–2009 [Mm³/a] 

 Demand (%) Water Use (%) Deficit (%) 

Agriculture 216.9 75 165.1* 78 46.0 64 

Mining 25.0 9 10.3 5 14.7 20 

Urban 48.7 17 37.5 18 11.2 16 

All Water Users 290.6  212.9  71.9  

* The return flow is subtracted from the total amount of extracted water, 

i.e. [Water Use] = [Extraction] – [Return Flow] 

The simulated deficit compares well with the reported 94 Mm³/a in a study by DWAF 

(2003). Some caution is required when comparing the results with available studies 

(DWA 2011a), where the water resources delimitation in the Middle Olifants region is 

different from that considered in this study. 

Analysing the results per catchment, the highest water demand and water use occurs in 

the middle section of the project region (Figure 2.2-9), in catchments B31H, B31J, 

B32D and B32H, where the main irrigation boards within the Middle Olifants are 

located (Bloem Poort, Hereford, Loskop and Olifants River). 

The comparison of the absolute and relative deficit (Figure 2.2-10) shows a different 

picture in terms of catchments affected. In case of relative deficit (absolute deficit 

divided by water demand), the downstream catchments face a significant stronger water 

stress, which is explained by the fact that the upstream catchments by nature have 

access to the water before it reaches the downstream parts of the Middle Olifants. 
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In this model setup the ecological water requirement (EWR) has not been included since 

this is rarely met. As part of the classification report for the Olifants Water Management 

Area (WMA), 4 EWR sites were identified within the MOSA region (DWA 2011c). 

These include the sites EWR5, EWR6, EWR7 and EWR8. Based on the Mean Annual 

Runoff it was calculated that roughly 330 Mm
3
/a is required for these sites (DWA 

2011c and DWA 2013). 

The model resulting from this work is a user friendly map based tool, which has been 

comprehensively verified in terms of water resources and provides a solid base for the 

project tasks of DHI-WASY, as described in the following sections.  

2.2.2.2.2 Water Quality 

Over the course of the project the DWS expressed that the integration of water quality 

(WQ) processes into the model would be of significant value, since there are WQ issues 

within the catchment and a model to address these problems does not exist for the 

Middle Olifants.  

It is possible to couple the MH Basin model to the water quality component ECO Lab, a 

numerical laboratory for water quality and ecological modelling. ECO Lab comprises 

pre-defined templates that describe relevant WQ processes, while it is possible for the 

user to define other parameters and describe the processes affecting these parameters. 

Therefore, it was agreed upon to additionally include the quality component during the 

development of the project. 

The WQ issues and relevant substances to be modelled were identified through 

literature review and contact to local experts and were presented to the DWS in May 

2014. The identified substances and indicators are: temperature, pH, alkalinity, salts 

(conductivity, sulphate and sulphate:anions), nutrients (in particular phosphorus, but 

also nitrate, nitrite and ammonia), metals (mainly aluminium, iron and manganese), 

bacteria (total coliforms and E. Coli) and turbidity (total suspended and dissolved 

solids). Quality data has been made available by the project partner LAR (see Chapter 

2.3) and the Resource Quality Services (RQS) of the DWS.  

After analysing the data, it was decided that quality modelling would concentrate on 

sulphates. Project partners have addressed that sulphates are considered an issue within 

the region during the course of the project. This is confirmed by several studies (DWA 

2011b; Dabrowski 2013 and Dabrowski 2014). Observation datasets from DWS show 

that concentrations are sometimes above the recommended values in the guidelines, i.e. 

200 mg/l in the South African WQ guidelines (DWAF 1996) and have sporadically 

reached values higher than 600 mg/l, which is considered as an “unacceptable level” 

according to the Resource Water Quality Objectives (DWAF 2006). Furthermore, 

sulphate is a rather conservative compound, which makes it an ideal component to start 

the construction of the water quality model. Finally, the data available within the project 

region for this species is reasonably good, when compared to others. 
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Figure 2.2-11: Mean sulphate concentration for all measurement points with more than 10 

samples, located on rivers, canals, pipelines, potable WTW, dams and springs 

 (Source: Compiled by the authors, measurement values provided by RQS)  

The main sources of sulphate are mainly originating from mining, but possibly also 

agriculture through the use of ammonium sulphate fertilisers (Villiers & Mkwelo, 

2009). The agricultural component was not confirmed by DWS, therefore the study 

focused on the sources of sulphates from mining. The contribution from mining is 

complex, since it can occur during construction, operation, decommissioning and even 

after closure, from abandoned mines. The most common source of sulphate from 

mining is originated when pyrites occur in mineral deposits, resulting in the release of 

sulphates when in contact with oxygen and water, leading to the so called “Acid Mine 

Drainage” (AMD). As stated in McCarthy (2011), the overall impact of AMD is very 

much dependent on local conditions and varies widely, depending on the 

geomorphology, the climate and the extent and distribution of the AMD-generating 

deposits.  

The project partner EE+E compiled the existing types of mines and industries within the 

catchment areas and provided an overview of the lithology in the region (for more 

information, please see Chapter 2.1). Using this data, as well as available literature (see 

Digby Wells And Associates (2008)), it was determined whether a certain mine could 

provide a source of contamination for the surface water, depending on the type of 

material mined, the most common method of mining used, the geology in the region and 

the distance from the mine to the next stream or river. After this, the catchments which 

contained the identified mines (with a contamination potential for sulphates) were 

selected and a constant load was estimated for each of these catchments, based on the 

available measurement data. The selected catchments are shown in Figure 2.2-11. 

The pollution is mainly attributed to a diffuse and continuous contribution, which is 

reflected in the baseflow, rather than on the total flow. In the existing MH Basin model 

setup, the hydrological runoff has not been separated into base- and peakflow 

components. Therefore, a separation algorithm was used from Hughes et al. (2003), 



- 95 - 

based on Smakhtin (2001), to separate the runoff into baseflow and peakflow, for the 

selected catchments only. All the reservoirs were assigned a minimum flow requirement 

time series to allow the load to pass downstream. 

The model results were compared to available sulphate data within the region. A good 

match between modelled and measured data can be achieved through this methodology, 

shown exemplarily in Figure 2.2-12 for the measurement station 90458 (located on the 

Elands River, below the Lower Elands Dam, see Figure 2.2-11). 

 

 

Figure 2.2-12: Measured and simulated sulphate concentration at the station 90458 

In the current status, the WQ model still has some limitations. The model is strongly 

depending on a correct representation of all the hydrological processes over time and of 

all sources of pollution and their load concentrations. Furthermore, for the model 

verification, long-term monitoring of quality data is necessary at further key locations. 

In the end, the aim of the model is to assist the DWS in catchment planning, to analyse 

in which areas actions are required and for decision making in regard to further 

developments within the Middle Olifants. The model was set up with the best 

knowledge of available data and is a first step in providing DWS with such a tool. The 

model can be continuously developed and updated with respect to the limitations 

mentioned above. 
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2.2.2.3 Information System 

2.2.2.3.1 General information about MIKE CUSTOMISED 

MC MOSA is a Decision Support System based on MIKE CUSTOMISED (DSS MC) 

created as a part of this research project. MIKE CUSTOMISED is a powerful open IT 

Platform (Sørensen et al., 2015) that provides the following capabilities:  

 Advanced data management, analysis, processing, visualisation, 

 Integration of different models (e.g. hydrological, hydrodynamic),  

 Generation of different scenarios and their analysis. 

DSS MC consists of three main components (Database Manager Utility, Platform, 

MIKE OPERATIONS) and serves as a basis for of the additional WEB-Information 

system using Add-on WEB API as shown in Figure 2.2-13. A Short overview of each 

component is given in Table 2.2-5. All these software components are based on a single 

database (PostgreSQL or ORACLE), where all data, model scenarios, system 

settings/information are stored. MC MOSA is based on a PostgreSQL database. 

 

Figure 2.2-13: Components of the Decision Support System MIKE CUSTOMISED 
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Table 2.2-5: Description of the components of the Decision Support System 

MIKE CUSTOMISED 

DSS MC Component Description 

Database Manager 

Utility 

This utility serves to create new databases, to 

update/backup/restore/remove existing databases and to 

administrate workspaces and users. 

Platform  This is the main component of MC system setup. It is used to 

register the model, create scenarios, prepare GIS data for 

visualisation (Figure 2.2-15) and organise pre-/ post-

processing of the model input/ output time series using a 

scripting module with an integrated programming language 

IronPython or a spreadsheet module. All settings for the 

MIKE OPERATIONS/ WEB API are saved as a series of 

spreadsheets. The Platform has diverse tools for spatial data 

processing, time series (TS) statistics. 

MIKE OPERATIONS MIKE OPERATIONS (MO) provides the following 

capabilities: adapt the user interface according to the project 

needs, visualise simulation results, create in an easy way new 

different model scenarios based on a basis scenario.  

WEB API  DHI Web API is a HTTP-based RESTful API exposing MIKE 

CUSTOMISED data (e.g. time series, GIS feature collections, 

spreadsheets). The DHI Web API has been used to develop the 

MOSA Web App (described in Chapter 2.2.2.3.3 MOSA Web 

App). 

2.2.2.3.2 MC MOSA 

The current MIKE HYDRO Basin model has been integrated in the MC MOSA without 

any modifications using the MIKE HYDRO Adapter. A basis scenario was created 

based on the registered Model. The basis scenario does include the most relevant 

elements of the original model as well as respective model input/output TS. The 

overview of the model elements in the basis scenario in comparison to the original 

MIKE HYDRO Model is given in Figure 2.2-14. A detailed catalogue of model 

parameters that are included in the basis scenario is listed in Table 2.2-6. 

A 
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B 

Figure 2.2-14: Platform – overview on elements in original registered MIKE HYDRO model 

(A) and Basis Scenario (B) 

The analysis of the model results is realised by means of additionally created scripts that 

are linked to the model using Indicators. The summary of scripts and analysis statistics 

for the model input/output TS is shown in Table 2.2-8. 

Table 2.2-6: Model parameters of the Basis Scenario 

Group Model parameter Model TS Type 

WaterUserNode Water demand Input 

Water demand deficit Output 

Used water Output 

Unallocated water Output 

Return flow to … node … Output 

ReservoirNode Bottom level Input 

Top of dead storage level Input 

Dam crest level (if any) Input 

Flood control level Input 

Reduction level 1, 2 Input 

Reduction fraction 1, 2 Input 

Total downstream release Output 

Water level Output 

Stored volume Output 

Unallocated water Output 

Catchment Runoff Output 
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By means of the embedded GIS-Module in the Platform the main spatial data of the 

model was visualised (Figure 2.2-15) and prepared for application in MIKE 

OPERATIONS. Table 2.2-7 presents the total overview of used GIS data in MC 

MOSA. All GIS Features can be divided into two groups: static layers and dynamic 

layers. The static layers basically show the background spatial information. The 

dynamic layers include spatial features that are linked to the specific model time series. 

Configuration of the feature layers has been done in MIKE OPERATIONS and all these 

settings were saved automatically to the spreadsheets in Platform. 

Table 2.2-7: List of GIS data involved to MC MOSA 

Group name 

in MO 

Feature Class name  Feature 

layer 

type in 

MO 

Feature 

type 
MO Original in 

Database 

GIS River River Static  Polyline 

Reservoirs Reservoir_Poly Static  Polygon 

Catchments Catchment Static  Polygon 

MIKE 

HYDRO: 

Water User 

IRR Demand W_IRR_D Dynamic  Point 

IRR Return Flow W_IRR_R Dynamic Point 

Mine Demand W_MI_D Dynamic Point 

Urban Demand W_UR_D Dynamic Point 

MIKE 

HYDRO: 

Reservoir 

characteristics 

Input R_Input Dynamic Point 

Output R_Output Dynamic Point 

MIKE 

HYDRO: 

Catchment 

Runoff Catchment Dynamic Polygon 

Schematic Catchment 

(schematic) 

Dynamic Polygon 

IRR Used water Catchment Dynamic Polygon 

IRR Water demand 

deficit 

Catchment Dynamic Polygon 
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MC MOSA gives the possibility for system users to plot all associated time series with 

the model objects as graphs for different scenarios. Hence it is possible to compare the 

results of the scenarios. Thus the scenarios defined by the project partner ZEF (see 

Section 2.4) were integrated within the system. These scenarios include the reduction of 

water abstraction by 20 %, 30 % and 40 % for irrigation purposes (Thiam et al., 2014). 

All water users were classified into different groups such as agricultural, mining, 

wastewater and urban as a basis for the following specific requests and in order to 

simplify the generation of the new scenarios. This separation allows an automatic 

generation of the specific statistics for each scenario simulation and subsequent 

visualisation. The main information on system implementations is given in Table 2.2-8. 

The scenario results show that a reduction of the water demand can reduce the deficit 

partially or even completely for some water users. With these results, it is possible to set 

up a more specific analysis, such as reducing the water demand variably for water users 

in areas where there is a deficit, while other users may not require any reduction at all. It 

is important to note that MC MOSA provides a flexible and easy way to generate new 

scenarios for the system users under consideration of different conditions, for example, 

climate change. 

Table 2.2-8: MC MOSA implementation 

Where to 

find/How to 

Description 

Registered 

model and the 

scenarios in 

Platform 

Explorer Scenarios 

 
1 – Registered MIKE Hydro model 

2 – Different scenarios created based on the basis scenario 

3 – Basis scenario 
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Where to 

find/How to 

Description 

TS of original 

model and 

scenario 

simulation 

results in 

Platform 

Explorer Scenarios 

 
1 – TS of calculated statistics for last simulation, duplicate of the 

statistics folder 6 under specific simulation. This folder is linked to 

MIKE OPERATION. 

2 – TS of the calculated statistics for the basis scenario, duplicate of 

the original statistics folder under simulations results of the basis 

scenario. This folder is linked to MIKE OPERATION. 

3 – TS of the original registered MIKE Hydro model 

4 – Modified TS of the different Scenarios 

5 – Output TS of the scenario simulation and the calculated statistics 

Create new 

scenario and 

run it in MIKE 

OPERATION 

Ribbon Scenarios 

 
1 – Select Scenario mode 

2 – Create new scenario 
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Where to 

find/How to 

Description 

3 – Select the created new scenario from the drop-down list 

4 – Click IRR Demand  

5 – Select type the scenario values (Value/Factors) 

 change scenario values 

6 – Click Save 

7 – Click Run 

 

2.2.2.3.3 MOSA Web App 

Based on MC MOSA, the MOSA Web App publishes the most relevant input and 

output data. To enable a comparison of different scenarios, the user is provided with 

customisable time series charts. The following chart options are selectable 

 The MIKE Hydro model object (e.g. a specific water user) 

 The scenarios (up to four scenarios) 

 The parameters (e.g. input data and model or statistical results) 

The start screen of the MOSA Web App shows the relevant GIS layers of the MIKE 

Hydro Basin model on top of an Esri satellite base map. On map click, the attributes of 

the respective water user, reservoir or catchment are displayed in a table at the left panel 

(Figure 2.2-16).  

Additionally, time series charts are shown for different scenarios and parameters. 

Checkboxes in the left and right panel enable the user to combine the parameters and 

scenarios of interest in one chart (Figure 2.2-17). 

The MOSA Web App is a Javascript client based on the MIKE Web API. This RESTful 

API (released end of 2014 by DHI) reads time series, spreadsheets and feature classes 

directly out of the Platform, using the same single database as MC MOSA. Using the 

API it was possible to build the MOSA Web App without ArcGIS Server technology.  

The MOSA Web App can be used as an information portal. With a few mouse clicks the 

Ministry staff can access the project results, input data and customisable charts to 

compare different scenarios. 
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2.2.2.4 Serious Game 

To address the necessity of capacity building and knowledge sharing for sustainable 

water resource management, the serious game “Aqua Republica” was adapted for the 

Middle Olifants region. The MOSA Water Game (MOSA Aqua Republica) reflects the 

conditions of the catchment of the Middle Olifants and is based on a MIKE HYDRO 

BASIN model, which includes typical features for this catchment such as agriculture, 

urban areas, mines and different ecosystem types and also provides new structures 

(irrigation types) and policies tailored to the Middle Olifants area. The game has been 

shared with a group of diverse local experts in South Africa, providing valuable 

feedback for further development of the game. 

In Integrated Water Resource Management studies, capacity building is an important 

step to raise awareness in water related processes and to strengthen sustainable decision 

making. Serious games are not a new concept but advances in knowledge and 

technology open up a new paradigm for active stakeholder participation. DHI and 

UNEP-DHI Centre initiated a serious game platform called Aqua Republica, where a 

virtual world allows participants to develop a river basin and visualise the consequences 

of their decisions. Aqua Republica combines a game layer with a water allocation 

model, MIKE HYDRO BASIN, to create an interactive, virtual but realistic 

environment where players play the role of the manager of an undeveloped river 

catchment. This led to the development of MOSA Aqua Republica, a tailored version of 

the game, adapted to the Middle Olifants river basin in South Africa. The game was 

presented to a group of local stakeholders, to facilitate capacity building and to collect 

feedback for improving the game further as an educational tool and it was used in the 

2014 South Africa Water Game Challenge. 

The design and concepts behind Aqua Republica are inspired by meaningful play, a 

condition described by Katie Salen and Eric Zimmerman in, Rules of Play (Salen et al., 

2004). It is a condition that is very much like learning. The learning experience is 

similar while playing a game. A well-designed game environment will provide a 

feedback mechanism that allows the player to reflect on his or her actions and adopt a 

different approach in the game. This internalisation of actions and reactions is what is 

referred to as meaningful play. The game takes inspiration from the work of the United 

Nations Environment Programme and others who call for a more ecosystem-based 

management approach to development (UNEP 2012). Any typical game design includes 

the following features: a well-defined space, a set of rules and struggles. More 

information on the general objective of serious games can be found in (Chew et al., 

2013). 

The central space element of Aqua Republica is a virtual sub-basin within a larger river 

basin, this river basin can be fictitious or it can be based on data from a specific project 

site. The rules of the game are the physical science or hydrology of a river basin, which 

are computed from the water allocation model called MIKE HYDRO basin. This model 

computes the water balance for the river basin and contains water data such as rainfall 

and runoff, water demand for various land cover or return flows (DHI 2013).  

During the first phase of the research project Integrated Water Resources Management 

Pilot Project “Middle Olifants”, South Africa, the need of raising awareness and 

capacity building in sustainable water resource management in South Africa was 

identified. The “Middle Olifants” river catchment is characterised by a large quantity of 
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water users, with a high demand of water for households, large scale irrigation farming, 

mining and quickly growing settlements. The potential of using a serious game to 

address this needs, led to the development of a tailored version of Aqua Republica for 

the pilot site in the Middle Olifants region in South Africa (MOSA Aqua Republica). 

Like in the original Aqua Republica Game, the MOSA version includes hydrology in 

combination with simple mechanics that simulate the interaction and relationships 

between different water users. For example, the population in the game requires food, 

water, housing and jobs; farms generate food, but require water and electricity, so in 

order to produce food, power plants are needed and in order to build power plants, 

funding is needed, which comes from job providing industries, urban areas etc. These 

mechanics are considered human interactions in the game and they form the struggles of 

the game. The player will have to navigate through these struggles along with the rules 

in a river basin to obtain their objective which is to get the highest score. The score is 

weighted such that actions that go along with the principles of IWRM will result in a 

higher score (Chew et al. 2014). 

During each turn the player has the possibility to make changes in the basin area, while 

trying to achieve a high basin score, over a total of 13 rounds. The general user interface 

is shown in Figure 2.2-18. An overview of possible developments in MOSA Aqua 

Republica is provided in Figure 2.2-19. There are several policies and structures which 

can be added to each new entity at a certain cost. These will benefit the game score, by 

counteracting water consumption, improving the ecosystem status, increasing 

productivity or adding an additional value to the population within the catchment. 

 

Figure 2.2-18: Overview of MOSA Aqua Republica 
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Figure 2.2-19: Development options in MOSA Aqua Republica 

More development does not necessarily result in a higher basin score, which will 

educate the player in developing the basin in a more sustainable way. Furthermore, 

during the game events such as droughts and floods are triggered randomly, depending 

on how the basin development is managed. To avoid such events, the player must keep 

an eye on water use and the environmental status and if necessary, implement policies. 

MOSA Aqua Republica provides a virtual environment. This virtual environment tries 

to simulate a simplified version of the real world. The virtual environment consists of 

two layers – a water allocation and hydrology model based layer (backend) and a game 

layer (frontend) which uses the results of the model and links it to social, economic and 

environmental factors.  

The backend part of the MOSA Aqua Republica architecture consists of a water 

allocation model, developed in the MIKE HYDRO modelling system. The model is a 

highly flexible framework for a large variety of applications regarding allocation, 

management and planning of water resources within a river basin. 

 

Figure 2.2-20: Scheme of the general linking map tiles procedure (left) and example of MOSA 

Aqua Republica (right)  
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MOSA Aqua Republica basically consists of a map which acts as an input for the 

numerical model. When the game player places a new entity (e.g. a farm) on the map, 

this changes the number of water users and the total water demand in the basin. There is 

also a relationship between the geographical area of the placed entities and the nearest 

node of the river network (see Figure 2.2-20). How the new input affects the total water 

runoff is calculated by the model. The calculation is executed and sent back to the game 

every time the player proceeds to the following turn by pressing ‘Next Turn’. 

The game-map is built upon ‘tiles’ dividing the map into equal squares, intended to 

represent fields, where the player can drop buildings such as farms, cities or industries. 

Tiles are numbered 1…n from the upper left corner of the map to the lower right corner.  

The necessary matching between MIKE HYDRO and its model objects like ‘Node’, 

‘Catchment’ and ‘WaterUser’ and the corresponding tiles in the map were accomplished 

by a separate component. This ‘GameSimulationDriver’ is configurable per model 

through a model unique configuration file. 

The configuration allows linking a certain ‘tile’ of the game map to multiple MIKE 

HYDRO ModelObjects, e.g. WaterUsers (1 m cardinality). That way, it is ensured that 

actions upon a tile result in changes in the water demand at the geographically correct 

‘node’ of the model, considering upstream and downstream relationships. 

The model configuration file (Figure 2.2-21) also contains information about the 

buildings available for the player. Each building supports information such as: 

 Name 

 Description 

 Base water demand 

 Growth factor (base water demand evolving) 

 

Figure 2.2-21: Diagram of the model configuration file 
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The ‘Name’ attribute also contains information about the different policies applied to 

the type of building. The policies are appended to the real name of the entity such as 

[BuildingName]_Policy1_Policy2. The different water demands reflect the impact on 

the environment. 

Technical Aspects 

The game-frontend is able to perform tasks, data-queries and updates upon the 

‘GameSimulationDriver’ in order to retrieve the latest results of the model. The driver 

provides the following methods to handle MIKE HYDRO execution and data-queries: 

 CreateNewPlayer. Adds a new player and creates the default water-demand 

values for each MIKE HYDRO model object. 

 DeletePlayer. Removes the player-related data from the database. 

 GetModelObjects. Passes the latest results to the frontend. 

 UpdateModelObjects. Sets the new input that has to be considered for the next 

model execution. 

 RunEngine. Invokes the driver to execute the model considering the latest input. 

GameDatabase 

The ‘GameSimulationDriver’ is also responsible for storing the data in a 

‘GameDatabase’ after the latest MIKE HYDRO execution. The database is accessible 

for the frontend to store new model input information, for example after the player 

created a new building upon the game-map. The database acts as storage for the model 

input- and output data. Because the data is stored per game-turn, it is also capable of 

providing a history of changes. 

Additionally, the ‘GameDatabase’ provides an abstract implementation model (Figure 

2.2-22) and can therefore be implemented on different database providers such as ‘MS-

SqlServer’ or ‘SQLite’. This is useful when the database is supposed to be hosted on 

different platforms. For MOSA Aqua Republica an ‘online version’ hosted on servers 

relying on ‘MS-SqlServer’ as well as an ‘offline version’ with an easy-to-deploy 

database such as ‘SQLite’ has been developed. In order to maximise performance and 

gameplay there has been a need to optimise the backend-part of MOSA Water Game for 

these two versions. 
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Figure 2.2-22: Diagram of the abstract GameDatabase model 

Online-Version 

For online gameplay the frontend and the backend part are hosted on servers. The 

webservers communicate via Internet Information Server (IIS) using serialised game 

model object proxies and web methods. The backend is being accessed through a game 

web service hosting the ‘GameSimulationDriver’ (Figure 2.2-23). For performance and 

scalability purposes there is also a balancing web service on top of the backend 

architecture which delegates the incoming request to the least loaded server. 

In order to optimise the utilisation of each single server machine the 

‘GameSimulationDriver’ is able to create a new process for each request that relies 

upon the execution of MIKE HYDRO. In that case, the execution is delegated to a 

‘processor’ which uses the ‘EngineDriver’ to perform tasks like ‘RunEngine’ on all 

available CPUs of the hosting machine. 
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Figure 2.2-23: Online game architecture 

Offline Version 

The main difference to the online version in game architecture is the introduction of a 

socket server instead of web services. The socket server responds to the same requests 

as can be found in the online version. The offline version also supports an ‘in-process-

execution’ of the backend part. This is achieved by simply passing the incoming 

requests directly from the socket sever via the ‘GameSimulationDriver’ to the 

‘EngineDriver’ without leveraging the ‘processor’. It is possible, because in a single 

player/desktop environment it is unlikely that several requests upon the backend are 

triggered at the same time. The fact that the backend resides in a single process has the 

advantage of using an ‘in-memory-database’ which is supposed to be much faster than 

the file database used otherwise. The offline version therefore uses the ‘SQLite 

database’ which is flexible in that manner and is also easy to deploy on desktop 

machines. 

Workshops and User Feedback  

In November 2013, MOSA Aqua Republica was presented to a diverse group of local 

stakeholders in a two day workshop in Pretoria, South Africa. During two sessions, the 

participants had the opportunity to learn and play the game, while being accompanied 

by a team from DHI and in return provided valuable feedback about the game. The 

invited participants covered a broad background of specialisation within the fields of 
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water supply, ecology, mining and other industries, local, national and international 

politics and economy and a substantial share of the people was familiar with the project 

area. The participants were introduced to the concept of sustainable catchment 

development, but each player applied its own strategy to achieve a high basin score. 

After each session the accompanying team talked to each player about their impression 

on the game, collected the sheets and evaluated the scores. Overall, the feedback to the 

game was positive and its use as an education tool was widely recognised. It was 

emphasised that the game is not a decision making tool but an education and capacity 

development tool synchronising different components such as food, energy, economy, 

ecosystem and natural events.  

In the second phase of the project, the information collected in the sessions was 

evaluated. It was noted that the game was not completely intuitive and players needed a 

few rounds to understand its concept. Mostly the players requested more educational 

information during the actions made in the game and more transparency in the 

calculation of the basin score. Local adaptations were suggested in regards to the type of 

crops, ecosystems, industries and policies available. 

These finding have been considered in the version of MOSA Aqua Republica which 

was used in the 2014 South Africa Water Game Challenge. This competition enabled 

participants to learn about the conflicts and trade-offs that exist in a real catchment. By 

experiencing these conflicts and trade-offs first hand through meaningful play, 

participants gained a better understanding of the needs and perspectives of all the 

stakeholders involved in integrated water resources management (IWRM) as well as the 

value provided by ecosystems in a much broader context. Using the feedback of an 

integrated questionnaire, the Water Game Challenge also helped the South African 

Water Research Commission, as one of the main sponsors of the challenge, to get an in-

depth perspective of local views on water issues. The feedback from the competition, 

additional workshops in South Africa, Germany and Egypt as well as from the 

presentation at the International Conference on Serious Games in Vanderbijlpark 

(Claussen et al., 2014) was again used to improve the game configuration, the user 

interface and the performance. In 2015 the final result of MOSA Aqua Republica was 

presented in two workshops in South Africa, including the final project meeting in 

Pretoria in November. 

2.2.3 Outcome and Impact 

In November 2015 the system was successfully installed at DWS. With the system 

DWS is now able to analyse the effect of different measures on the overall water 

balance. The results will automatically be available at the desktop client and can, by 

selection, be published on the website. New hydrology data can be integrated as soon as 

it becomes available. The quality model is functioning in principle, but additional effort 

is needed to use it for planning and approval process purposes. As soon as the quality 

model has been finished, it can be integrated flexibly into the overall GIS based system 

and website. Although the system has been developed for DWS, the future CMA of the 

Olifants River could also benefit from it. Models, GIS and Serious Game can easily be 

extended to cover the whole Olifants river basin. As the concept can be applied directly 

to other catchments, both existing and other future CMAs might be interested in such an 

integrated system.  
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The work presented in this section responds to several questions raised in the study 

“Priority water research questions in South Africa 2012” by Siebrits et al. (2014). As an 

example questions like “How can the social perception of the value of water be 

changed?” and “How can public education more effectively address the possible 

imbalances and trade-offs between ecological protection and use of water resources?” 

were addressed by the presented serious game. Concerns such as “How can South 

Africa’s water information systems be improved in terms of collection, management 

and dissemination?” have been focused on in the developed DSS and Web Application. 

Finally, the developed tool provides a basis which can be further developed, to answer 

questions such as: “How can real-time water data collection be used to act 

expediently?” and “How can the utility of monitoring systems and networks be 

optimised, maximised and explained to ensure sustainability of the resource and the 

monitoring system itself?” 
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2.3 Online Water Quality Monitoring in the Olifants River 

Catchment 

Olivia Arts, Wolfgang Genthe 

LAR Process Analysers AG, Neukoellnische Allee 134, 12057 Berlin, Germany 

E-mail: export@lar.com 

LAR Process Analysers AG, Berlin 

Over the past 30 years, LAR Process Analysers AG has established itself as a global 

market leader in the development of high quality on-line water analysers. Since its 

foundation in 1986, the Berlin-based company has developed, manufactured and 

implemented worldwide innovative customer-specific on-line measurement systems for 

the determination of parameters such as TOC, TP, TNb, COD, BOD and Toxicity. 

LAR AG, is an ISO 9001:2008 certified company that offers a broad portfolio of 

specifically designed products used in numerous applications, such as optimisation of 

industrial and municipal wastewater treatment plants, in environmental monitoring of 

surface and ground water, as well as in process control applications for various industry 

sectors. The most relevant industry sectors include the petrochemical and chemical 

industries, as well as paper and pulp, cellulose and food production, to mention just a 

few. The services offered by LAR AG are based on numerous patented measurement 

techniques and components that underline the diverse applicability, accuracy and 

quality of these innovative LAR products. 

South African distributor – Analysers On-Line (AOL), Germiston 

LAR AG works with over 50 international partners and service hubs worldwide. This 

ensures rapid response and the highest availability of instruments. LAR AG has worked 

successfully with Analysers On-Line (AOL) in South Africa for over 6 years. Within 

the scope of the MOSA (Middle Olifants South Africa) project, AOL took over 

technical support and maintenance of the Mobile Monitoring Station as well as actively 

supported LAR AG in terms of selecting suitable measurement points during the 

monitoring periods. 

2.3.1 Objective 

Within the scope of the MOSA project, LAR AG designed and equipped an 

independently operating Mobile Monitoring Station (Figure 2.3-1) as a Mobile 

Laboratory for on-site monitoring of the water quality. A total of nine measurement 

campaigns have been completed. 

The quick and easy set-up time of the Mobile Monitoring Station allows the Mobile 

Laboratory to be ready for operation quickly. The measurement data obtained during the 

measurement campaigns was transmitted directly, with the use of a specially 

constructed data transfer system, to a server where the data was made available to all 

project partners and local authorities. This stand-alone Mobile Station is specifically 

adapted to the local conditions in South Africa. The Mobile Laboratory was equipped 

with numerous measuring instruments for monitoring and recording various parameters. 

Fast and reliable data was obtained and transmitted in real time. The Mobile Monitoring 

Station has proven itself in the measurement campaigns throughout the project.  
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Figure 2.3-1: The Mobile Monitoring Station on-site 

The Olifants River is one of South Africa’s most important rivers; therefore pollution 

levels in this river should be monitored continuously. Earlier studies have identified 

sources of pollution in this catchment area, including its many tributaries. 

Continuous monitoring of the water quality of the Olifants River is of utmost 

importance (de Villiers & Mkwelo 2009). Central laboratory analyses are only of 

limited use. Water is a fluid resource therefore the results obtained days or weeks after 

sampling is already too late for proactive action to be taken at times when pollution or 

spillages are detected. With on-line monitoring solutions, the chain of custody of the 

sample stays intact, which is not always the case with manual sampling. The aim of the 

Mobile Monitoring Station is to report fast, accurate and reliable results, enabling end 

users, authorities and interested parties to take proactive action if and when necessary. It 

is also important to analyse the impacts of household, agriculture and industrial 

wastewater on the Olifants River system. 

As part of the MOSA project, the Mobile Monitoring Station has been used at various 

measurement points – even difficult to access areas. The extensive measurement data, 

including the relevant parameters for determining water quality, as well as weather 

conditions, were made directly available to all the parties involved by means of the data 

transfer system. 

The objective of this Mobile Monitoring Station was to support and improve the 

existing monitoring systems already in place. The Mobile Monitoring Station directly 

enables inspection and monitoring of various discharges from households and industries 

in the area. This means that not only can sources of pollution be identified quickly, but 

direct measures for improving water quality can be initiated in good time. 

Measurement campaigns were conducted in cooperation with the local environmental 

authorities, project partners (for example process optimisation of sewage treatment 

plants) and those responsible for measuring stations. The Mobile Monitoring Station 

was tested with regard to reliable functionality, fields of application, costs and 

practicality.  
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2.3.2 Research Design and Activities 

The Mobile Monitoring Station was developed by LAR AG specifically for the MOSA 

project and adapted to local conditions (Figure 2.3-2). The Mobile Monitoring Station 

dimensions of 3 m in length, 2 m in width and 2 m in height and a total weight of 

around 2 tons (fully equipped) was used for mobile water quality measurement in the 

Middle Olifants catchment area. 

 

 

Figure 2.3-2: Technical drawing of the Mobile Monitoring Station  
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The Mobile Monitoring Station was equipped with the relevant analyser systems which 

can be used to determine the essential water quality parameters and weather data. This 

Monitoring Station unifies an on-line measurement station with a laboratory for local 

individual measurements. 

In on-line mode the water sample is continuously pumped to the Mobile Monitoring 

Station (24/7) using a hydraulic system adapted to the situation of the sampling point, 

where it is analysed and evaluated. This guarantees constant and reliable measurement 

values over a prolonged period. 

In off-line mode, manual sampling takes place at a measurement point close to the 

Mobile Laboratory. The samples are transported to the Mobile Laboratory under 

controlled conditions and then analysed. 

Table 2.3-1 below shows an overview of the parameters which can be analysed with the 

Mobile Monitoring Station and the relevant analysis techniques used. 

1) Determination of TOC, COD, TNb 

In the ultra-high temperature method “QuickTOC
®
” used, the samples can be measured 

in on-line and in off-line mode. The sample is reliably analysed at 1,200°C for the most 

important water analysis parameters. Total Organic Carbon (TOC) and Total Nitrogen 

bound (TNb), also the Chemical Oxygen Demand (COD) by correlation is determined 

with this analytical instrument. This system can accurately measure the most difficult 

samples including samples with particles. The high temperature method, the key 

components of which are patented, delivers results within a few minutes and has been 

proven to be successful in practice. 

2) Toxicity 

The patented on-line toxicity analyser “NitriTox
®” 

is suitable for both on-line as well as 

off-line modes and evaluates results within a few minutes. Nitrifying bacteria are used 

to determine the toxic effect of pollutants on these organisms. The test organisms are 

cultivated continuously in the analyser and are thus available for analyses at any time. 

3) Individual substance measurements using ISE 

Ion-selective electrodes (ISE) with standard addition technique are used to determine 

the relevant individual substance. Determination of ammonium (NH4) alongside sodium 

(Na), potassium (K), cadmium (Cd), fluoride (F), chloride (Cl) and nitrate (NO3). This 

procedure can be carried out in on-line and off-line mode. 

4) Individual substance measurements using a photometer 

In this technique, substances are determined using a light absorption measurement 

technique. In selected samples, compounds/elements such as sulphate (SO4), phosphate 

(PO4), nitrite (NO2), nitrate (NO3), total nitrogen (TNb), total phosphorus (TP), iron (Fe) 

and aluminium (Al) are detected photometrically. This procedure can only be carried 

out in off-line mode. 

5) Electrode unit 

A unit consisting of three special electrodes continuously monitors the pH, conductivity 

and redox potential of the sample in the sampling system. These electrodes are suitable 

both for on-line and off-line operation. 
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6) Sampling system 

Sampling is of major importance for correctly determining the measurement values. The 

sample to be measured is fed tangentially into the sample submission system of the 

Mobile Monitoring Station and the excess sample flows away via the free drain. The 

special delivery of the sample keeps it homogeneous in the submission system and 

severe contamination within the container is avoided. Given high particle loads, the 

system is especially used in on-line operation. Control samples can also be taken via a 

relay-controlled sampling system and conserved for off-line mode measurement. In the 

case of conspicuous measurement results in on-line mode, the system can also be 

directly controlled by the analyser. 

7) Climatic parameters 

A weather station continuously records the important weather parameters during 

operation, such as temperature, wind conditions, humidity, air pressure and 

precipitation. The weather station is installed on the roof of the Mobile Monitoring 

Station. The weather data can be viewed directly from a display inside and it is also 

made available via the data transfer system with the relevant time-dependent analysis 

results. 

8) Data collection and data transfer system 

The measurement results from the analysis systems are made available directly to the 

local authorities and project partners via the internet for further processing and 

evaluation. 

Table 2.3-1:  Overview of the parameters and techniques available in the Mobile Monitoring 

Station. 

Measurement techniques Parameters Operating mode 

1. Ultra-high temperature 

oxidation (HTO) 

TOC, TC, TIC, COD, TNb On-line and off-line 

2. Nitrificants toximeter Toxicity On-line and off-line 

3. Ion-selective electrodes (ISE) 

with standard addition 

NH4, NO3, Na, K, Cd, Cl, F On-line and off-line 

4. Photometer SO4, PO4, NO2, NO3, TNb, 

TP, Fe, Al 

Off-line 

5. Electrode unit pH, conductivity, redox 

potential 

On-line and off-line 

6. Weather station Temperature, wind, 

humidity, air pressure, 

precipitation 

On-line 
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Only one person is required on-site for running the Mobile Monitoring Station, whereby 

the Monitoring Station can work fully independently for up to one week after 

installation. The use of the Mobile Monitoring Station allows parallel monitoring of 

several measurement stations and measurement points from another region, because 

short transportation routes can minimise composition changes of the samples. This 

ensures that samples are analysed quickly and reliably. 

Direct connection of the analysis systems to a measurement point also allows analyses 

over a prolonged period (24/7) in order to identify any temporary loads (specific to the 

time of day). Furthermore, the analysis techniques applied cause no additional 

environmental contamination, as no chemicals are used. Within the scope of quality 

assurance measures, the retained and random samples collected in the automatic 

sampling system can be analysed and possibly verified with other lab methods. All 

measurement data are made available via the data transfer system. A summary of the 

advantages and uses of the Mobile Monitoring Station is shown in Fig. 2.3-3. 

 

Figure 2.3-3: Advantages and uses of the Mobile Monitoring Station 

  



MOSA – Phase II Summary Report 

The measurement results obtained from individual measurement points for each 

measurement campaign are compared with earlier studies and measurement results from 

the DWS (Department of Water and Sanitation), University of Stellenbosch and the 

CSIR (Council for Scientific and Industrial Research) (e.g. Dabrowski et al. 2013). 

Following a successful functional test conducted by LAR AG and AOL in the spring of 

2013, the Mobile Monitoring Station went into operation for on-site monitoring. 

2.3.2.1 Practical optimisation of the Mobile Monitoring Station 

During the research project, continuous optimisation of the Mobile Monitoring Station 

is undertaken in close cooperation with AOL, especially with regard to the adaptations 

to the local circumstances and the improved functionality of the systems. 

One of the biggest challenges for the measurement points and measurement stations of 

the respective measurement campaigns, besides the local vegetation, was South Africa’s 

impressive wildlife. This includes a wealth of mammals and reptiles and especially near 

water it was important to not only safeguard the reliable operation of the Mobile 

Monitoring Station, but moreover the safety of the employees on-site. 

During the very first on-line measurements in river water it transpired that e.g. 

crocodiles could bite into or remove the floating board holding the sampling pump 

(Figures 2.3-4 and 2.3-5). The board and pump had to be protected from predators to 

ensure trouble-free operation.  
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Figure 2.3-4: Challenges regarding the sampling points 

 (Young crocodile on floating board, measurement campaign 1) – I 

 

Figure 2.3-5: Challenges regarding the sampling points 

 (Measurement campaign 1) – II  
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Furthermore, in the measurement campaigns in Kruger National Park the sampling at 

the different measurement points took place in the presence of the local park rangers 

(Figure 2.3-6) due to individuals not being allowed to leave their vehicles in the Park. 

 

Figure 2.3-6: Challenges regarding the sampling points (Kruger National Park) 

 (Source: E. Riddell/SANParks) 

The practical experience gained during the first measurement campaigns with regard to 

the improved functionality of the systems revealed that an uninterrupted power supply 

is not guaranteed in South Africa. However, this is essential for reliable operation and 

above all to prevent any damage to equipment and to avoid failures. For this reason, two 

uninterrupted power supply systems (UPS system) were installed in the Mobile 

Monitoring Station (Figure 2.3-7). These now successfully protect all the on-line 

analysers in the Mobile Monitoring Station. 

Installation of an effective and cost-saving air conditioning unit also ensures trouble-

free operation of the measurement station at high outside temperatures. Whenever there 

was no guaranteed power supply at the individual sites, a “canvas skeleton” was also 

installed at the Mobile Monitoring Station to ensure the specified environmental 

conditions. This offers improved protection, especially under extreme weather 

conditions such as rain and storms and against direct sunlight. The “canvas skeleton” 

also offers additional working space for the technicians on site (Figure 2.3-8). 

Installation of a refrigerator enabled longer storage of the samples collected (standard 

conservation), as the sample contents can change at high temperatures. Furthermore, 

following practical experience and insights into their functionality, components such as 

the electrode unit and the data transfer system (Figure 2.3-9) were optimised in the 

Mobile Monitoring Station in October 2014. 
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Figure 2.3-7: UPS system 

 

Figure 2.3-8: Canvas skeleton 
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Figure 2.3-9: Data transfer system 

2.3.2.2 Measurement campaigns and measurement points 

Nine measurement campaigns (Tab 2.3-2) lasting two weeks on average were 

successfully performed using the Mobile Monitoring Station over the duration of the 

project between 2013 and 2015. Among these campaigns there were two partner 

measurement campaigns with the project partner REMONDIS (see Chapter 2.6) in 

which the samples were made available by REMONDIS in March and November 2015 

and measured in the Mobile Laboratory. A further partner measurement campaign was 

undertaken in cooperation with HUBER (see Chapter 2.7). 

The Mobile Monitoring Station was based at the AOL office in Germiston for 

maintenance work and in the period between the measurement campaigns. Figure 

2.3-10 shows the individual sites of the measurement campaigns. 
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Table 2.3-2:  Measurement campaigns 2013–2015 

Measurement campaigns 2013–2015 

1 Kubu Kwena, 09–11/2013 

2 Loskop Dam, in cooperation with HUBER, 03–04/2014 

3 Burgersfort/Steelpoort, 08–09/2014 

4 Kruger National Park/Skukuza Camp, 10/2014 

5 AOL/Germiston, REMONDIS measurement campaign, 03/2015* 

6 Kruger National Park/Phalaborwa, 05/2015 (autumn in South Africa) 

7 Marble Hall, 08/2015 

8 Kruger National Park/Phalaborwa, 10/2015 (spring in South Africa) 

9 AOL/Germiston, REMONDIS measurement campaign, 11/2015* 

* Samples to be measured were provided by REMONDIS 

 

 
Figure 2.3-10: Sites of the measurement campaigns 

The individual measurement campaigns are briefly described as follows. The detailed 

measurement results are available upon request. 
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2.3.2.2.1 Measurement campaign 1 – Kubu Kwena, September–November 2013 

The first measurement campaign took place between September and November 2013. 

The measurement points were located in the regions of Kubu Kwena Lodge, Riverside 

Lodge, De Villa Lodge, Forever Resorts Loskop Dam and in Pretoria (see Figure 

2.3-10). Together with the South African partner AOL, the first measurement point 

“Kubu Kwena” (Figure 2.3-11) was selected, taking the necessary security and 

infrastructure into consideration. This was located on the banks of the Olifants River in 

Loskop Valley between the towns of Groblersdal (around 17 km) and Marble Hall 

(around 10 km), roughly 5 km away from the mouth of the Olifants tributary Moses 

River. 

The regions around Kubu Kwena and Riverside Lodge are largely agricultural and the 

catchment upstream Loskop Dam is dominated by coal mining. 

 

Figure 2.3-11: Site of the Mobile Monitoring Station in measurement campaign 1 

(09–11/2013) – Kubu Kwena Lodge and Loskop Dam 

The findings from the first measurement campaign with the Mobile Monitoring Station 

were good in terms of functionality and operation of the analysis systems. 

During transportation, all systems were adequately secured so that all the instruments in 

the Mobile Monitoring Station were ready for use almost immediately. The sampling 

system, however had to be modified. The existing piping system was converted to work 

well in practice, unfavourable water pressure conditions were eliminated and 

mechanical pump protection was installed. Due to the unstable internet connection, the 

data obtained was buffered locally in accordance with the concept and, once the internet 

connection was in place, was successfully uploaded to the external server. 
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As compared with earlier campaigns, the measurement results from the Mobile 

Monitoring Station showed an improvement in water quality in this part of the 

catchment area in the middle Olifants River. There were neither any transgressions of 

limits nor other abnormalities ascertained in the parameters under investigation. 

The promotional effect of this new measurement technology and of the MOSA project 

was extremely positive. Implementation of this measurement campaign has awakened 

great interest, especially among resident farmers. 

A further insight gained from the first measurement campaign and consultation with 

authorities and AOL was that the Mobile Monitoring Station in South Africa should not 

be located in unprotected areas. Emergency generators are very much sought after in 

South Africa. For this reason, a CCTV camera was also installed to monitor the Mobile 

Monitoring Station. In view of these considerations, the further sites for measurement 

campaigns were chosen in safe environments. 

2.3.2.2.2 Measurement campaign 2 – Loskop Dam, in cooperation with HUBER, 

March/April 2014 

The second measurement campaign conducted with the Mobile Monitoring Station took 

place in the period between 18 and 31 March 2014 in the Loskop Dam area, whereby 

the De Villa Holiday Resort and Riverside Lodge measurement points from the first 

measurement campaign were also included (see Figure 2.3-10). 

This measurement campaign was implemented in cooperation with the project partner 

HUBER. As part of the MOSA project, HUBER installed a pilot plant with membrane 

bioreactors (Vacuum Rotation Membrane, VRM) at the sewage treatment plant at the 

Forever Resort. The Mobile Monitoring Station was also deployed to monitor the inlet 

and outlet of the pilot plant (Figure 2.3-12). The measurement station was set up some 

distance away from the sampling point, as heavy rainfall had made using the river banks 

impossible and a site closer to the sampling point could not be secured. The Mobile 

Monitoring Station was set up at the sewage treatment plant next to the HUBER VRM, 

which is why no on-line measurements could be performed. Instead, water samples 

were taken daily from the inlet and outlet of the pilot plant. 
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Figure 2.3-12: Site of the Mobile Monitoring Station in measurement campaign 2 (2014) 

Loskop Dam 

In addition to proximity to the pilot plant to be monitored, this installation site also 

offered the possibility of measuring and comparing samples from other measuring 

points which had already been sampled during the first measurement campaign. This 

included the measurement points at Loskop Dam, De Villa Holiday Resort and 

Riverside Lodge. Both the infrastructure and security-relevant conditions were met. 

Deployment of the Mobile Monitoring Station proceeded without problems. The 

measurement data of the analysers and analysis units were provided to HUBER. 

The measurement results from monitoring the inlet and outlet of the HUBER pilot plant 

have to be interpreted by HUBER in their entirety. However, as expected, there was a 

particularly high ammonia content compared with the other measurement stations and 

measurement points. A similar trend is also to be observed to a minor extent for other 

measurement parameters. 
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The recommended pH value < 8 for Class 1 (CSIR/DWS) was exceeded at the 

measurement points Loskop Dam, Damwall, Game Reserve, De Villa and Riverside 

Lodge (Table 2.3-3). 

The results from the measuring stations and measurement points Loskop Dam, De Villa 

Resort and Riverside Lodge are comparable with most of the parameters measured in 

the previous reporting period. This was surprising insofar as higher values were 

expected after the preliminary talks with the DWS. Due to the heavy rainfall before the 

measurement campaign, it may be assumed that the measurement results from Loskop 

Dam show a dilution effect, so that the original high concentrations were not 

measurable. None of the samples showed any toxicity and there were no other essential 

irregularities either. 

The results of the daily drinking water sample are comparable with the results of the 

river samples. 

Table 2.3-3:  Violation of the Class 1 pH value limit for the second measurement campaign 

(March 2014) 

Regions pH 

Drinking Water Forever Resort 7.1–7.3 

Loskop Dam 7.3–8.8 

Damwall 8.4–9.0 

Game Reserve 8.7–9.1 

De Villa 8.1–8.8 

De Villa 2 8.4 

Riverside Lodge 7.8–8.4 

Groblersdal 1 7.86 

Groblersdal 2 7.77 

Class 1 < 8 
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2.3.2.2.3 Measurement campaign 3 – Burgersfort/Steelpoort, August–September 

2014 

The second measurement campaign in 2014 and the third campaign overall during the 

project was undertaken between 21 August and 3 September 2014. Samples were taken 

and measured at several measurement points in the Burgersfort/Steelpoort region. There 

are many mines and melting plants in the Steelpoort region that may cause anomalies in 

Steelpoort River. Burgersfort is rich in platinum, so platinum and other platinum-related 

metals may also occur in the rivers. 

The towns of Burgersfort and Steelpoort lie on Steelpoort River, a tributary of Olifants 

River. Burgersfort lies approximately 340 km east of Johannesburg towards Kruger 

National Park and around 177 km away from Middleburg. Steelpoort and Burgersfort 

are approximately 30 km apart. Steelpoort is a mining town located in South Africa’s 

Limpopo Province, bordering on Mpumalanga Province (see Figure 2.3-10). 

The water quality of the Steelpoort River is of great importance as it is the main 

tributary of the Olifants River. After establishing contact with the local administration 

of the Steelpoort and Burgersfort region, secure accommodation of the Mobile 

Monitoring Station was agreed upon with the manager of the Tubatse water treatment 

plant, Mr Tshiamo Kwati. 

The Mobile Monitoring Station therefore stood on the site of the Tubatse water 

treatment plant during the Burgerfort/Steelpoort campaign (Figure 2.3-13). Samples 

were taken here and measured on a daily basis at various measurement points on the 

site. In addition, the inlet to the Tubatse water treatment plant, i.e. the Spekboom River, 

was monitored in on-line mode during the night. In the daytime, measurement took 

place alternately off-line and on-line at the site’s measuring points and samples from the 

environment were also taken. 

Furthermore, further samples and random samples were taken on a daily basis in the 

environment and measured. Over several days, a total of approximately 160 km was 

covered and numerous samples were collected and analysed between Ohrigstad and 

Hoedspruit in the Manoutsa Caravan Park, one sample from Hoduopong River, as well 

as the Steelpoort and Tubatse sewage treatment plants. 

In this measurement campaign the sample taken from the inlet to the Tubatse water 

treatment plant (Spekboom River) on 29 August 2014 showed a raised iron value as 

compared with Class 2. Furthermore, elevated pH values were measured at almost all 

measurement points. They transgressed the recommended pH value < 8 for Class 1. 

Toxicity monitoring of both the Steelpoort and the Tubatse sewage treatment plants 

showed highly elevated toxicity values, especially in the inlet, but also to some extent in 

the outlet (Table 2.3-4). The greatly increased toxicity values from the inlet possibly 

arise due to the metals from the platinum industry present in the river. In case of the 

high toxicity values from the inlet, it was assumed that the sludge bed of the plant was 

flooded. 
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Figure 2.3-13: Site of the Mobile Monitoring Station in measurement campaign 3 (2014) 

– Tubatse water treatment plant (Burgersfort) 
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Table 2.3-4: Conspicuous pH values and toxicity values in the Burgersfort/Steelpoort 

measurement campaign 

Measurement stations and 

measurement points 

Measured parameters 

pH Toxicity [%] 

Tubatse 

water 

treatment 

plant 

Inlet (Spekboom River) 8.18–8.39 0 

After flocculation 8.12–8.41 0 

Outlet from the “old” 

plant 

7.96–8.26 0 

Outlet from the “new” 

plant 

8.23–8.30 0 

Drinking water 7.66–8.12 – 

 

Steelpoort River 8.29–8.53 0 

Olifants River 8.61–8.69 0 

Hodoupong to Moopetsi 

River 

8.78 0 

Steelpoort 

wastewater 

treatment 

plant 

Inlet 7.6–7.95 89–100 

Outlet 7.81–7.98 0–100 

Tubatse 

wastewater  

treatment 

plant 

Inlet 7.80–8.47 35–100 

Outlet 7.61–7.97 0–50 

 Class 1 <8 – 

 

2.3.2.2.4 Measurement campaign 4 – Kruger National Park/Skukuza Camp, 

October 2014 

The fourth measurement campaign of the MOSA project was conducted in the Skukuza 

Camp in Kruger National Park (SANParks) from 21 to 25 October 2014. Kruger 

National Park (KNP) is South Africa’s biggest game reserve. The park located in the 

north-east of South Africa (Limpopo Province) covers an area of approximately 

20,000 km². The Olifants River supplies the park with water (see Figure 2.3-10). 

With the active support of the Manager for Water Resources, Dr. Eddie Riddell, it was 

possible to place the Mobile Monitoring Station in the Nature Conservation Service 
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Camp (N’Waswitshaka) close to the Skukuza main camp. During this measurement 

campaign, samples were measured from the Skukuza sewage treatment plant and 

besides the Olifants River further rivers in the KNP catchment area, including the Sabie 

and Selati rivers. These samples were collected and made available by the park 

employees. 

All samples were measured in off-line mode during this campaign, as the Mobile 

Monitoring Station could not be installed locally at the measurement stations for 

security reasons. On the advice of the park management, the Mobile Monitoring Station 

was not set up in the park, but in the camp instead. This not only ensures protection of 

the staff and the Mobile Monitoring Station, but also fast routes between the sampling 

point and the station, so the use of the Mobile Monitoring Station offers a significant 

advantage over environmental laboratories outside the park. The samples from the 

HUBER membrane pilot sewage treatment plant were also measured in the Mobile 

Monitoring Station. 

In addition, a delegation from the BMBF (German Federal Ministry of Education and 

Research) and project partners visited the Mobile Monitoring Station on-site on 

24 October 2014 and a practical demonstration of the Mobile Monitoring Station was 

undertaken (Figure 2.3-14). 

 

Figure 2.3-14: Nature Conservation Service Camp, October 2014 –  

Visit from the BMBF delegation 

Samples from the Olifants River at the Mamba measurement station and samples from 

the Selati River showed relatively high phosphate values. The sample from the inlet of 

the Skukuza sewage treatment plant showed abnormally high pH values of up to 11.4 

(Table 2.3-5). 

The measurement results from monitoring the inlet and outlet of the HUBER pilot plant 

have to be interpreted by HUBER in their entirety. Nonetheless, there was good 

comparability with the measurement results during measurement campaign 2 at Loskop 

Dam in March/April 2014.  
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Table 2.3-5: Conspicuous pH values and phosphate values in the Skukuza measurement 

campaign (excerpt) 

Measurement stations and measurement 

points 

Measured parameters 

pH Phosphate [mg/l] 

Skukuza sewage 

treatment plant 

Inlet 11.1–11.4 0.84–1.05 

Last step 8.15–8.67 5.61–6.5 

Outlet 6.67–7.83 6.82–8.69 

Skukuza Camp 

Drinking water No data 0.009–0.012 

Sabie River 9.12 0.045 

Olifants River 

Upstream of the 

confluence 

9.22 0.29 

Downstream from the 

confluence 

7.48 3.72 

Mamba 7.16 8.77 

Selati River 

At the railway bridge 7.15 3.63 

Upstream of the 

confluence 

5.82 16.3 

 Class 1 <8 No data 

 

2.3.2.2.5 Measurement campaign 6 – Kruger National Park/Phalaborwa,  

May 2015 

Following the successful first measurement campaign with KNP/SANParks, two further 

measurement campaigns were agreed with the Manager of Water Resources of the 

KNP, Dr Eddie Riddell. This was particularly intended to record and illustrate the 

effects of the different seasons, the dry season (autumn in South Africa) as compared 

with the wet season (spring in South Africa). 

The first of these two campaigns was conducted in the period 3–15 May 2015 with the 

site at the SAEON (South African Environmental Observation Network) centre in 
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Phalaborwa. The Phalaborwa entrance to the KNP is approximately 500 km east of 

Johannesburg. 

Numerous samples from the Olifants and Selati Rivers were taken at various 

measurement points. In addition, samples were taken from the sewage treatment plants 

at Olifants Camp, as well as Namakgale and Phalaborwa. The samples were collected in 

the period from 6 to 11 May and all measurements were undertaken in off-line mode at 

the SAEON centre site (Figure 2.3-15). 

The water management days (training and demonstration), to which school classes and 

universities were invited, was organised by IEEM gGmbH within the scope of this 

measurement campaign. Furthermore, a workshop on the topic of improving water 

resources was held on 14 and 15 May and was attended by a broad specialist audience. 

 

Figure 2.3-15: Site of the Mobile Monitoring Station at the SAEON centre 

– Phalaborwa May measurement campaign 

The samples from this measurement campaign were measured and revealed elevated 

concentrations of iron, phosphate, sulphate and increased pH values. With 10.3 mg/l 

especially the iron concentrations were very pronounced as compared with the Class 1 

limit value of <0.2 mg/l. The phosphate values, some of which were >2 mg/l, were well 

above the average of the measured samples. The limit value of Class 1 for sulphate is 

<400 mg/l, whereby a value of 644 mg/l was measured in a sample at the Namakgale 

sewage treatment plant. 

The vast majority of samples showed a highly elevated pH value (limit value < 8). 
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2.3.2.2.6 Measurement campaign 7 – Marble Hall, August 2015 

The sixth measurement campaign overall took place in the period 18–28 August 2015 in 

the Marble Hall region. The town is around 260 km north-east of Johannesburg. The 

Mobile Monitoring Station was installed at the Lepelle Northern Water Marble Hall 

water treatment plant (Figure 2.3-16), which processes drinking water for the region 

around Marble Hall (see Figure 2.3-10). 

 

Figure 2.3-16: Site of the Mobile Monitoring Station in measurement campaign 7 (2015) 

– Marble Hall 

In the first five days (19–24 Aug.) the canal inlet from Loskop Dam was monitored on-

line, as this represents the inlet of the water treatment plant. Water samples were 

collected in the second week in the region of Loskop Dam Wall, Groblersdal and 

Marble Hall and were subsequently evaluated in the Mobile Monitoring Station in off-

line mode. 
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The results of the on-line measurements of the canal inlet from Loskop Dam showed 

relatively low concentrations of ammonium, COD and TOC. No toxicity was 

ascertained during the day. The results of monitoring during the night showed outliers 

in toxicity monitoring. No reproducibility was verified in these measurements. 

The results of the on-line and off-line measurements of the canal inlet from the Loskop 

Dam are comparable with one another, although they are from different days. 

The samples from the Olifants River in Groblersdal showed high concentrations of 

magnesium, sulphate, nitrate, COD, TOC, conductivity and alkalinity in the form of 

calcium carbonate (CaCO3). The Elands and Moos rivers showed high concentrations of 

phosphate. 

While the outlet from the Lepelle Northern Water Marble Hall water treatment plant has 

a Nitrate concentration of < 0.25 mg/l, it was ascertained that the drinking water 

available in Marble Hall had significantly higher nitrate concentrations of 1.4–2 mg/l. 

The causes for the rising Nitrate load following processing have to be subsequently 

investigated. 

The samples from the local sewage treatment plant (inlet and outlet) that treats 

wastewater from Marble Hall and Groblersdal show high toxicity values. 

2.3.2.2.7 Measurement campaign 8 – Kruger National Park/Phalaborwa, 

October 2015 

Besides the autumn campaign (autumn in South Africa) in May 2015 (measurement 

campaign 6) in Phalaborwa, this campaign was conducted in the dry season 

(20–30 October 2015). Both measurement campaigns were intended to specifically 

investigate the effects of the different seasons.  

The samples were measured off-line in this campaign (Figure 2.3-17). Various 

measurement stations and measurement points were sampled here, including sewage 

treatment plants and rivers. Samples were also collected and made available by KNP 

staff. 

The results from the wastewater of the Olifants Camp sewage treatment plant showed 

elevated concentrations of ammonium, nitrate, phosphate, TOC and COD. The various 

measurement points on the Olifants River also showed higher TOC and COD 

concentrations. 
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Figure 2.3-17: Site of the Mobile Monitoring Station in measurement campaign 8 (2015) 

– Phalaborwa 

2.3.3 Outcome and Impact 

The objectives set for the deployment of the Mobile Monitoring Station / Mobile 

Laboratory were met in the project period 2012–2015. Deployment of the Mobile 

Monitoring Station allowed new and dependable data records to be obtained for selected 

measurement stations and measurement points in the catchment area of the middle 

region of the Olifants River, thus indicating a possible improvement over the existing 

government monitoring system. 

Measurement campaigns were conducted in cooperation with the local environmental 

authorities, project partners, sewage treatment plant operators and water treatment 

plants, as well as KNP, wherein the Mobile Monitoring Station proved to be very 

reliable, versatile in its use, as well as easy to operate and cost-effective. It proved to be 

a very good choice for timely processing of the relevant measurement data with regard 

to water quality of a river system in comparison with a remote environmental 

laboratory. 

Although the measurement stations, measurement points and regions of the 

measurement campaigns were selected on a random basis, the environmental 

authorities, water and sewage treatment plant operators, as well as park administration 

of KNP/SANParks, were able to obtain fast and reliable findings on the river water 

quality and the quality of the water treated in each case respectively. 

The Mobile Monitoring Station was convincing in comparison with external 

laboratories, especially in terms of the very rapid reaction time (Table 2.3-6). The 
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samples are taken on-site and can be promptly measured. The results are automatically 

transmitted and are therefore available for evaluation and further processing within a 

very short time. 

Representative sampling is of particular importance (e.g. Balfour et al. 2011, p. 39). On 

account of the short transportation routes and safe storage, the risk of chemical 

modification of the sample in the use of the Mobile Monitoring Station is minimised. In 

case of irregularities, the measurements of the sample can be repeated a sufficient 

number of times on-site or sent to external laboratories, as necessary. 

In parallel to the analysis of the water sample, all relevant weather parameters are 

recorded and automatically compared directly with the measurement results using the 

data transfer system. Not only the validity of the data obtained, but also the speed as 

compared with external laboratories proved to be very advantageous. 

The rapid availability of the measurement data also allows early detection of any 

possible limit value violations or noticeable changes in water quality and therefore also 

allows countermeasure to be adopted. This reaction time is not possible in collaboration 

with external laboratories. 

Table 2.3-6: Comparison of methods: LAR Mobile Monitoring Station with an external 

laboratory 

 LAR Mobile Monitoring 

Station 

External laboratory 

Representative sample ++ -- 

Repeat measurements ++ 0 

Quick availability of results ++ + 

Relevance of the parameters ++ + 

Rapid adoption of 

countermeasures 

++ -- 

Reference to Table 2.3-5: -- very poor / - poor / 0 neutal / + good / ++ very good 
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2.3.4 Conclusion 

The Mobile Monitoring Station has very much proven its worth in practice and was 

therefore a complete success. Both the selection of the measurement stations and 

measurement points, as well as on-site deployment, proceeded most satisfactorily so 

that at the end of the project further collaborations are strived for on both sides. 

Collaboration with the project coordinators, project partners and stakeholders was 

consistently very good, so that special measurement campaigns like those with the 

project partners HUBER and REMONDIS, and especially with KNP/SANParks, 

proceeded extremely successfully. On the basis of the results, the park administration is 

very interested in a continued in-depth measurement campaign. 

Additionally, within the framework of the local projects already ongoing, cooperation 

with the current main user of the Mobile Monitoring Station – the regulatory authority 

(DWS – Department of Water and Sanitation, Republic of South Africa) – is to be 

expanded in the future to develop a strategy for the Olifants River system. Here there is 

a possibility of regularly sampling previously monitored measurement points e.g. in the 

catchment area and of defining further measuring stations. 

The rapid availability of the extensive measurement data, the easy operation and 

especially the high reliability of measurements offered by the Mobile Monitoring 

Station improve the basis for suitable water resource management measures in the 

catchment area of the Olifants River. 

Based on studies on Olifants River water quality and several reports on animal deaths 

between 2005 and 2011 (e.g. Ashton & Dabrowski 2010, Huchzermeyer et al. 2011) 

further studies can be conducted with the Mobile Monitoring Station to investigate the 

cause of animal death and to ensure continuous control of river water in South Africa. 

After the project the Mobile Monitoring Station will be available for further 

measurement campaigns in South Africa. Authorities, sewage treatment plant and water 

treatment plant operators, as well as other interested parties, can continue to deploy the 

Mobile Monitoring Station to monitor river water in South Africa and to continuously 

improve water quality. The Mobile Monitoring Station/Mobile Laboratory is also 

offered as a training station for the universities in South Africa to give students practical 

experience in monitoring and safeguarding water quality. 
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C. MOSA – WADER Cooperation 
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The overall goal of the MOSA (Middle Olifants South Africa) project is to create a 

sustainable water sector for the Middle Olifants region with the establishment of an 

integrated water resource management scheme (IWRM) for the catchment. 

There are many sources that affect the quality of the Middle Olifants River. Since its 

catchment area is quite huge, laboratory analysis is difficult and experience has shown 

that due to long transportation of the river water samples laboratory analysis is not 

reliable due to lack of proper sample integrity. Moreover, transportation of samples over 

long distances, with samples exchanging too many hands compromises traceable sample 

custody and acceptable turnaround time. Hence, in order to analyse the effects of 

domestic wastewater and industrial wastewater, as well as to check any influences of 

diffuse sources, the implementation of measurement points along the river is of great 

importance. 

LAR Process Analysers AG has designed a container for mobile quality measurements 

adapted to South African conditions with the approximate size of 3 x 2 x 2 meters 

(length x width x height) and less than 1 ton weight. It is a mobile laboratory that can be 

equipped to meet standard or specialised analytical needs for the on-site monitoring of 

surface waters designed for (1) remote locations which traditionally can only access 

WQ data with long lead times for sample collection, transportation and analysis or (2) 

municipalities that do not have the budget for capital infrastructure to build a water 

services laboratory and would prefer an interim shared service model. 

The Water Technologies Demonstration Programme (WADER), a partnership between 

the South African Department of Science and Technology (DST) and the Water 

Research Commission (WRC) has collaborated with the MOSA project. In this regard, 

the mobile water testing laboratory was showcased at the Innovation Bridge event, an 

inaugural technology showcase and matchmaking event hosted on 2–3 February 2015 at 

the CSIR ICC in Pretoria (Figure C-1 to C-3). This event was organised by the 

Department of Science and Technology (DST) in partnership with the Technology 

Innovation Agency (TIA), the National Intellectual Property Management Office 

(NIPMO) and the Southern African Research and Innovation Management Association 

(SARIMA). The WADER platform has continued to advertise this demonstrator on its 

website and Facebook page (www.wader.org.za). 
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Figure C-1: The DST Innovation Bridge event on 2–3 February 2015 

 

 

Figure C-2: The MOSA Mobile Lab at the Innovation Bridge 

The purpose of the event is to match universities, science councils and companies 

exhibiting publically-funded technologies with potential collaborators, funders and 

investors to facilitate commercialisation of these technologies. 

An article regarding the mobile laboratory at the Innovation Bridge appeared in the 

Engineering News issue of February 20–26, 2015 (p. 25). 
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Figure C-3: The South African Minister of Science and Technology Naledi Pandor and the 

WRC CEO Dhesigen Naidoo visiting the WADER booth and the Mobile Lab 

The mobile lab was also showcased during the WRC RDI Symposium and Water Tech 

Summit held on 16–18 September 2015. The mobile lab was one of the 7 early to mid-

stage technological solutions showcased during the SA Water Tech summit funded by 

WRC and DST. 

The showcasing of the mobile lab in collaboration with MOSA using various platforms 

has resulted in general interest in the mobile lab from various stakeholders. For 

instance, WADER has been approached by SEBATA, a South African private 

consulting company providing support services to a number of municipalities in the 

Eastern Cape Province. This is therefore considered a major market breakthrough for 

the mobile lab (if pursued successfully), resulting from the mobile lab exposure through 

WADER in collaboration with MOSA and we therefore hope that similar collaborations 

are continuously pursued in the future as we continue to promote the bridging of water 

research and the market under WADER. 
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2.4 Economic analysis of water policy reforms in South Africa: 

The case of the Olifants river basin 

Georgina Wambui, Djiby Racine Thiam
*
, Phillipa Kanyoka

 

Center for Development Research (ZEF), University of Bonn, Walter-Flex-Strasse 3, 53113 

Bonn, Germany 

* E-mail: djiby.thiam@uni-bonn.de/djiby.thiam@uct.ac.za 

Center for Development Research/Zentrum für Entwicklungsforschung 

The Center for Development Research, ZEF, is an international university-affiliated 

institute conducting interdisciplinary research on development related-issues all over the 

world. The project Integrated Water Resources Management: Middle Olifants South 

Africa (MOSA) was hosted by the Economic and Technological Change Department. 

The project team was constituted by Prof. Dr Joachim von Braun, Dr Djiby Racine 

Thiam, Ms Georgina Wambui and Ms Phillipa Kanyoka. Throughout this project ZEF 

has established a very good partnership with the University of Pretoria – South Africa, 

to facilitate data collection, fieldwork and the implementation of the results. The Center 

for Environmental Economics and Policy in Africa (CEEPA), with Prof. Rashid Hassan, 

was the main partner of ZEF.  

2.4.1 Introduction 

Water scarcity is a major constraint to socio-economic development in South Africa. 

South Africa is rated among the 30 most water-stressed countries in the world. Many of 

its regions continue to face persistent water shortages as well as an increasing 

competition between water users, a growing population and varying climatic changes 

(Rosegrant & Binswanger 1994; Earle, Goldin & Kgomotso 2005; Tsegai et al. 2009; 

Mwendera et al. 2003; Mallory 2011). Specifically, the Olifants river basin ranks as the 

country’s third most water stressed basin as well as one of the most polluted (Kloos 

2010; Walter 2010; Van Veelen 2011). The Olifants basin is one of the 19 Water 

Management Areas (WMAs) and it faces a serious water scarcity, with water deficits 

occurring in most years. The scarcity of water has led to intense competition for the 

resource among uses and between upstream and downstream uses and has had an 

impact on household food production and food security of poor rural households who 

rely on agriculture for their livelihoods.  

Table 2.4-1 illustrates water use by sector for the year 2011 while Table 2.4-2 shows the 

water balance for the Olifants catchment in the year 2010. Table 2.4-2 indicates a small 

surplus with the exclusion of the reserve requirement, which if included, would bring it 

down to a deficit because the water requirements would be higher than the available 

water resources. Projection from this indicates that by the year 2035, the basin will be 

experiencing a negative water balance (Mallory 2011).  
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Table 2.4-1: Sectoral water requirements
1
 in the Olifants basin in million m

3
/annum 

Sub-

catchment 

Power 

generation 

Indus-

trial 

Urban Rural Mining Irrigation Total 

Upper 228 9 93 4 26 249 609 

Middle 0 0 56 22 28 81 187 

Lower 0 0 29 3 32 156 220 

Total 228 9 178 29 86 486 1016 

Source: (Mallory 2011) 

 

Table 2.4-2: Water balance for the Olifants basin in the year 2010: Million m
3
/annum 

Sub catchment Water 

requirement 

Water 

resource 

Losses Water balance 

Upper  609 630 0 21 

Middle  187 185 (19) (21) 

Lower 220 248 (5)  23 

Total 1016 1063 (24)  23 

Source: (Mallory 2011) 

Such projection trends emphasise the need for better water management. The country 

has therefore intensified efforts to come up with and implement more efficient water 

management practices to meet growing demand from competing users and uses. The 

country’s National Water Act (NWA), one of the most comprehensive ones in the 

world, recognises water as both a human right and an economic good. It stipulates 

IWRM-principles, implementation of which is expected to meet the Water Act goals of 

efficiency, equity, social development and sustainability. The NWA stipulates water 

policies such as: water tariffs, compulsory licensing, water trade, establishment of water 

user associations (WUAs) and effluent discharge permits that improve water quality 

standards. In South Africa water tariffs (pricing) are subsidised and fixed at low levels. 

Therefore pricing does not reflect cost of water supply and scarcity in water resources. 

To reduce costs associated with water supply, municipal infrastructure grants as well as 

various other temporary conditional capital grants
2
 are provided by the state. 

Compulsory licensing is a policy which aims at promoting re-allocation of water 

                                                 

1 Water requirements are summed up over all user sectors (urban, rural, industrial, mining, irrigation 
and power generation) while the water resource is the yield from major dams and diffuse resources 
such as farm dams, run off river abstraction and ground water. 

2 The Consolidated Municipal Infrastructure Programme.  
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resources in water stressed
3
 catchments. Beyond areas already under water stress, 

compulsory licensing is also applied to areas where water stress is expected and water 

quality is damaged by pollution. The water market is a mechanism used in promoting a 

voluntary transfer of water-use rights for financial compensation (Saleth and Dinar 

2008; Easter et al. 1998; Howitt 1998; Hassan and Thiam 2015; Rosegrant and 

Binswanger 1994). In the agricultural sector, water markets assume that farms holding 

licenses that are not used after a completion of irrigation schedules (surplus license 

holders) sell such licenses to the ones that still need additional water (deficit license 

holders) to complement their irrigation schedules (Thiam et al. 2015). Water user 

associations (WUAs) are new forms of institutional arrangements set up by the former 

Department of Water Affairs of the Republic of South Africa to enhance 

decentralisation and involvement of local stakeholders into the water management 

process. Finally, effluent discharge permits are a policy undertaken to reduce water 

pollution, mainly generated by mining industries and large-scale commercial farmers. 

However, implementation of the above envisaged policies continues to face challenges 

such as the lack of relevant supporting institutional frameworks. Consequently, water 

allocation challenges such as poor water quality, poor services in water supply, water 

restrictions in dry periods, administrative delays, water distribution and storage 

difficulties still prevail. Therefore, research that guides the water policy reform in South 

Africa is imperative. The current BMBF funded project contributes towards this by 

informing policy in the water sector and equipping decision makers with evidence-

based research by examining the effects, impacts and transaction costs of selected water 

policies in South Africa. Additionally this project evaluates the extent to which water 

policy reforms might improve water use efficiency and water quality deterioration.  

2.4.2 Transaction costs in water policy reforms 

Implementation of water policy reforms requires a good understanding of the 

transaction costs that surround and influence water users’ behaviours. Transaction costs 

have been widely identified as the biggest hindrances to policy implementation and 

compliance as they constitute a large component of total policy costs (Coggan, Whitten 

& Bennett 2010). For instance, studies carried out in the US show that transaction costs 

represent a substantial part of total costs incurred in designing a policy objective, with a 

magnitude ranging from 8 % of the water purchase cost to 38 % of the agricultural 

assistance programme (Howitt 1994; McCann et al. 2005). In Latin America, a study 

carried out in Chile shows that transaction costs associated with water trade represent 

between 7 % and 23 % of the total price (Hearn and Eater 1995). Therefore 

policymakers should take into account the nature and level of transaction costs in 

designing policy recommendations, since this influences the extent to which water users 

(farmers, mines and households) react with regard to the designed policy. Most of the 

studies on transaction cost analysis have evaluated the role transaction costs play in 

influencing allocation of resources, without saying much about the extent to which they 

affect policy implementation outcomes. For instance, Coase (1960) and Williamson 

                                                 

3 It is important to highlight that water scarcity (stress) is different from vulnerability in water access. 
Different indicators (indexes) are provided for a determination of water scarcity (i.e.: Falkenmark 
indicator, Basic Human Water Requirement, Social Water Stress index etc.). Brown (2011) provides 
the panorama of indicators measuring both water stress and water access vulnerability.  
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(1979) have eloquently elaborated the importance of transaction costs to shape 

competition between agents and therefore protect investors against risks and uncertainty 

that arise from market allocation. Very few studies have investigated the impacts of 

transaction costs on the success or failures of public policy implementation and 

compliance. This limitation is mainly due to the difficulty to measure and monitor 

transaction costs, especially in countries where the existing institutional arrangements 

difficultly secure property rights allocated to stakeholders.  

This section shows the extent to which transaction costs influence successes (failures) 

of water policy reforms in South Africa. Based on survey data collected in the Olifants 

river basin, we identify the main transaction costs associated with water policy reforms. 

Transaction costs are differentiated between water users and managers in order to take 

into account of heterogeneity in farm sizes and locations and features of policymakers. 

Water users, in this study, are represented by farmers, since they consume more than 

80 % of the total available water in the Olifants river basin. Managers refer to 

policymakers from the Department of Water and Sanitation (DWS) who are in charge of 

designing and enforcing implementation of water policy reforms in the country. The 

data collected from the field allow us to evaluate the extent to which farm and 

management features influence evolution of transaction costs. The typologies of 

transaction costs considered for this study are support and administration, monitoring, 

contracting and enforcement costs.  

The study follows a typology and chronology provided in McCann and Easter (2004) 

and McCann et al. (2005) to measure the associated transaction costs of selected water 

policies. Measurement is carried out under three different policy phases: early 

implementation, full implementation and established programme. Early implementation 

refers to a situation in which water policy rules are designed and adopted by public 

services, public agents are hired for administration and notices and hearings are 

conducted. During “early implementation” the policy is at the beginning of its life cycle 

and the largest part of associated transaction costs is represented in administrative and 

support costs. “Full implementation” refers to a situation where policies come into full 

effect, meaning that the policy is now completely implemented and water users have 

changed their behaviours to adopt and comply with the terms of the policy. Finally, 

“establishment programme” corresponds to situations where the policy has reached the 

end of its life cycle and therefore it is entirely integrated as a full part of the water 

decision making investment.  

Figure 2.4-1 shows the interplay of transaction costs along the entire process of the 

policy life cycle; from policy design to implementation and compliance. Water policy 

reforms in South Africa follow different steps ranging from policy design to 

enforcement, contracting, monitoring, implementation and compliance. The degree to 

which farmers adopt and comply with the policy not only depends on the characteristics 

(flexibility, transferability) of the policy itself but also on the socio-economic and 

technological features of the farming systems. For instance, farmers with lower 

education or income are less likely to identify the transaction costs surrounding their 

farming activities. At the same time poor farmers usually face more constraints in 

accessing the market, because of high transaction costs and weak infrastructures, as 

outlined in the national agricultural programme of the country. Therefore, beyond their 

effects on policy outcomes, transaction costs also affect farms’ characteristics. This, in 

turn, affects the compliance of farmers and their associated social welfare. Moreover, it 
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is important to highlight that alternative regulatory actions taken in different sectors 

(agriculture, health, etc.) may influence the water sector, which influence water-related 

transaction costs. For instance, previous studies have shown that previous regulations 

introduced in the South African agriculture through prices (subsidies and taxes) and 

non-price (quotas) measures have affected the transaction costs faced by small-scale 

farmers (Thiam, Hassan & Zilberman, forthcoming). 

 

Figure 2.4-1: Conceptualisation of transaction costs 

 (Compiled by the authors) 

Figure 2.4-2 indicates the percentages of contracting costs between the four policies 

(water tariffs, compulsory licensing, effluent permits and WUAs) as incurred by 

irrigation farmers. Water tariffs are reported as having the highest of all transaction 

costs at 47 %, probably because this is one of the most widely adopted policies across 

the Olifants river basin. Transaction costs incurred for the effluent discharge payment 

policy are second highest at 25 %. Compulsory licensing transaction costs are third in 

magnitude at 19 %. This could be because this policy is not so widespread in terms of 

user compliance and the fact that its payment is made once per annum. Compulsory 

licensing also continues to be a new idea for many water users. Formation of water use 

groups, herein referred to as WUAs, is last at 9 % of the reported transaction costs. We 

attribute this to the already established WUAs which have been in operation for many 

years starting as far back as the 1930s, especially for commercial farmers. This implies 

that their systems are already in place and not much of operational transaction costs are 

incurred. Similar suggestions are reported in Falconer et al. (2001). As for the small 

scale water users, they are organised into small informal groups and report minor 

transaction costs as well. As water tariffs have the highest reported transaction costs, we 

highlight the specific transaction cost elements (travel, telephone, additional 

T
ra

n
sa

ct
io

n
 c

o
st

s 

Water policy: licensing, water tariffs, 

community water management (WUAs) 

 

 

 

Policy implementation 

and compliance 

Commercial and 

small-scale incomes 

Welfare 

Socioeconomic, 

technological, 

demographic, and 

political/institutional 

factors 

Water 

management 

outcome (quality, 

quantity, 

efficiency) 

Water managers/ users (ICT use) 



MOSA – Phase II Summary Report 

information costs, finance and decision costs) and their magnitudes in Figure 2.4-3. We 

find that all of these elements are high during the early implementation phase of the 

water tariffs and decline over time. However, costs incurred to arrange for finance 

remain constant over the three time periods, most likely because water payment remains 

constant throughout. 

 

Figure 2.4-2: Contracting costs across four policies 

 Source: Authors’ compilation 

 

 

Figure 2.4-3: Water Tariff contracting cost components over time 

 Source: Authors’ compilation 
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2.4.3 Water policy reforms and water use efficiency 

This section examines the extent to which water policy reforms combined with farm and 

country characteristics influence water use efficiency (WUE) of irrigation farmers in the 

Olifants basin. Two main approaches are used in literature used for measuring technical 

efficiency. These are the parametric approach also known as the stochastic frontier 

analysis and the non-parametric approach also referred to as DEA 

(Speelman et al. 2008; Frija et al. 2009;Wang 2010). The parametric approach estimates 

a parametric production function (or its dual cost or profit function), representing the 

best available technology. It provides a convenient framework for hypothesis testing 

and the construction of confidence intervals. The non-parametric DEA on the other 

hand uses linear programming methods to construct a linear envelopment frontier over 

the data points. The DEA is considered to have several advantages over the parametric 

approach because firstly, it does not need to assume a functional form such as a translog 

production function for the frontier technology (Speelman et al. 2008). Secondly, the 

constructed surface over the data allows comparing one production method with the 

others by applying a performance index. 

This study examines the effect of the different water policy reforms (WUAs, 

compulsory licensing and water pricing) on irrigation water use in the Olifants basin.  

Tobit regression methods are used for the analysis. The Tobit model represents an 

alternative to OLS for situations in which the dependent variable is bounded from below 

or above (or both) either by being censored, or by corner solutions (Frija et al. 2009). It 

was suitable for this case, because the efficiency parameters vary between zero and one, 

thus termed as being censored. The theoretical Tobit model takes the form: 

 

  
     

                        (1) 

     
            

    

                 
     

 

Where,   
  is the latent variable for the i

th
 farm,    is the vector of independent variables 

hypothesised to affect efficiency.            ) are the unknown parameter vectors 

related with the independent variables for the i
th

 farm.    is the error term, assumed to be 

normally distributed and independent of    (0,  ) with zero mean and constant 

variance.  
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  is the DEA sub-vector efficiency index for water used as a dependent variable.    is a 

vector of independent variables related to attributes of the farmers.  
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Results indicate that among the three policy variables of interest, water pricing 

techniques and involvement in WUAs were significant in explaining irrigation water 

use. Farmers involved in WUAs are more likely to use less water for irrigation 

compared to non-WUA-members. This finding was in line with previous studies, which 

argue that collective management of natural resources leads to better management 

outcomes (White & Runge 1995; Balooni et al. 2008; Gorton et al. 2009; van Ast & 

Boot 2003; Bekkari 2008). This is an important finding for the South African water 

reform process, because the law on formation of WUAs is already under review even 

before its full implementation and effects are realised. 

The results further show that farmers, who use more water, have a higher willingness to 

pay for an additional price charge. Such farmers have an inelastic water demand 

function due to the high impacts of water use on irrigation activities. This is contrary to 

the expectation that an increase in water price leads farmers to reduce their irrigation 

water consumption as suggested by Speelman et al. (2008). Following Frija et al. (2011) 

and Speelman et al. (2009), we attribute this to very low water tariffs that do not 

comprise a significant percentage of farmer production costs. Water prices affect 

consumption behaviours starting at certain thresholds. When prices are already too low, 

the opportunity costs of water consumption remains low, therefore farmers do not find 

incentives to change their water consumption. Our results further validate the focus 

group discussions held with large-scale farmers who claimed that the current water 

tariffs were negligible and failed to count as part of farm production costs. 
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2.4.4 Water policy reforms and water quality 

This section evaluates the extent to which water policy reforms introduced in the 

country have contributed to improving water quality. Water quality is defined as the 

chemical, physical, biological, radiological and aesthetic characteristics of water 

(UNESCO/WHO/UNEP 1996).  

Accordingly, the Department of Water Affairs and forestry (DWAF) of South Africa 

has categorised the fitness-for-use of water for various uses using six parameters, which 

give the discrete values that describe a specific effect due to a given set of conditions. 

These are: 

1) Electrical conductivity (EC): This indicates salinisation of water resources and 

serves as a proxy for total dissolved solids (dissolved inorganic salts). 

Salinisation affects domestic and irrigation water use. Aquatic life is only 

affected in extreme high levels 

2) Orthophosphate (PO4-P): Phosphate indicates the nutrient levels in water 

resources (eutrophication). Phosphate has no direct effect on water use but 

indicates contamination from activities in a catchment such as fertiliser use and 

wastewater discharge. 

3) Sulphate (SO4 2): Sulphate is a naturally occurring substance found in mineral 

salts in the soil, decaying plant and animal matter. It is generally not toxic but 

affects human consumption at very high levels.  

4) Chloride (Cl): It shows the nature of salinity i.e. salty taste and corrosiveness. 

Mainly affects aquatic life and irrigation 

5) Ammonia (NH3-N): indicates presence of ammonia, which is highly toxic to 

aquatic life even in low concentrations. It has no effect on human life and 

irrigation in the state it occurs in rivers and dams 

6) pH (pH value): This is a measure of the acid-base equilibrium of various 

dissolved compounds and indicates the acidity/alkalinity of water. Water pH 

only affects water use at the extreme levels.  

We use the Multinomial Logit Model (MNL) for this section because it allows 

estimating choice probabilities for many categories. The dependent variable (water 

quality) is a multivariate variable with four possible categories (Ideal, acceptable, 

tolerable and unacceptable). Ideal – the water has no polluting effects on the user, 

acceptable – slight to moderate pollution problems exist, tolerable-moderate to severe 

problems encountered and unacceptable – highly unusable water due to its highly 

polluted nature. The multinomial logit model assumes all errors of the alternatives to be 

independent (independence of irrelevant alternatives-IIA). This ensures the parameter 

estimates of the MNL model remain unbiased and consistent .i.e. Pj/Pk is independent of 

the remaining probabilities. Equation (3) represents the estimated functional form. 
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Where y denotes a random variable taking on the values {1, 2, …, J} for a positive 

integer J; and x denote a set of conditioning variables. x is a 1xK vector with first 

element unity and βj is a K×1 vector with j = 1,2, …, J. In this study, y denotes water 

quality (category) status while x signifies hypothesised factors influencing farm water 

quality. Equation (3) shows the effect of changes in an element of x (holding other 

factors constant), on the response probabilities P(y = j/x), j = 1, 2, …, J.  

The results show the factors that explain: 

 Ideal water quality 

For the ideal water quality category, the number of farming years and farming of 

cereals distinctly explain water quality. More farming years negatively affected 

good water quality while growing of cereal crops also negatively related to good 

water quality. 

 Tolerable water quality 

Farmer location, occupation, cereal and perennial crop farming significantly 

influence tolerable water quality. Results indicate that irrigators from the middle 

and lower Olifants are less likely to use water of tolerable quality compared to 

their upper Olifants counterparts.  

 Bad water quality  

The results indicate that farmers compliant to compulsory licensing, those 

involved in WUAs/informal water use groups and the leaders in these groups 

were less likely to use very bad quality water. 

2.4.5 Conclusion and policy implications 

This study identified and quantified the ex post transaction costs related to the water 

policy process in the Olifants basin of South Africa. The study focussed on irrigation 

water users’ and public agents’ transaction costs. The results indicated that considerable 

transaction costs were incurred by the two groups of stakeholders. Transaction costs 

formed between 13 to 29 % of the total water policy budget. The public agents’ 

transaction costs remained higher than that of water users. This could be explained by 

the high support and administration costs which varied only slightly over the three time 

phases of policy implementation. Transaction costs were high for the widely 

implemented policies but they fairly decreased over the course of policy 

implementation. The transaction costs incurred by irrigation water users mainly 

consisted of travel, telephone, additional information costs, finance and decision costs. 

Very high start-up transaction costs were associated with the implementation of water 

trade; a policy that is currently not in operation in the Olifants. High start-up transaction 

costs were also associated with the effluent discharge system; a policy which is also yet 

to kick off. We conclude that different levels of transaction costs for the different water 

policies existed and could be contributing factors to inefficient policy implementation 

and compliance. We argue that knowledge of the relevant and existing transaction costs 

prior to policy implementation ensures optimality in the choices made. Moreover, it 

helps to make comparisons between policy alternatives and nurture effective design and 

implementation ex ante. It further permits evaluation of existing policies ex post for 
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improvement purposes and assessment of their budgetary impact to establish their 

sustainability and efficiency. 

Secondly, the study used regression methods to examine the effects of water policies 

and other socio economic factors, on water quality and water use efficiency in irrigation 

farming in the Olifants basin. Water use efficiency was assessed using DEA methods 

and the results indicated that irrigation farmers in the Olifants were water use 

inefficient; the average water use efficiency was only 31 % suggesting major room for 

improvement and water re allocation. Various demographic, socio economic and 

institutional factors influenced water use efficiency and quality. The Tobit results 

showed that compulsory licensing, schooling years, technical assistance and crop choice 

influenced water use efficiency. The MNL results on the other hand indicated that 

compulsory licensing, involvement in WUA and water costs among other factors 

negatively influenced the use of bad quality water. Use of ideal water quality was 

explained by farming experience and cereal farming while tolerable water quality was 

significantly explained by farmer location, main occupation and crop choice. We 

conclude that the array of factors influencing the various aspects of irrigation water use 

should guide policy towards better water management; this is especially so for the 

examined water policy reform factors of compulsory licensing, WUAs and water 

pricing. For example, the highly significant positive effect of compulsory licensing on 

water use efficiency highlights the importance of water rights and lays emphasis on 

water reforms. The water rights ensure that farmers have entitlement to the water they 

use and promote water use efficiency. Current water prices on the other hand do not 

seem to encourage water saving as farmers comfortably pay the corresponding costs for 

higher quantities of water used. We recommend a review of the current tariffs and strict 

implementation of the same. Other factors, such as technical assistance, point to the 

needed improvement in extension service and alternatives of information dissemination. 

Schooling points to the importance of capacity building though it is a difficult target for 

policy in the short run. In the short term, farmers can best learn from the practices of 

their efficient counterparts, possibly through extension tools such as farmer field days.  
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IEEM gGmbH 

The Institute of Environmental Engineering and Management at the Witten/Herdecke 

University is an autonomous, non-profit research institute. IEEM combines the 

academic fields of environmental engineering and economics into an applied scientific 

approach. Technology and economics are the foundations of the work of IEEM and a 

precondition to develop modern management concepts and organisational models, 

which are needed to design and realise both technical and institutional solutions, 

focused on efficiency for environmental protection and supply services. IEEM focuses 

on topics of water and sanitation, closely linked to applied environmental economics. 

IEEM has many years of experience in developing, coordinating and implementing 

international water projects in Europe, Asia, South America and Africa. 

IEEM is the leading coordinator of the MOSA Project – Integrated Water Resources 

Management in the ‘Middle Olifants’ river basin, South Africa – Phase II and is 

responsible for parts of the economic analysis of MOSA. The results of this research 

work are presented below (see Chapter 2.5.1-2.5.5). Beside its research tasks, IEEM is 

in charge of a whole range of other functions. The institute is responsible for the 

successful execution of the different measures developed by the project partners. For 

that purpose, IEEM provides schedules, organises team meetings and supports the 

MOSA partners with the provision of workshops to generate knowledge transfer and 

improve technical as well as managerial competence of the local authorities. IEEM also 

plays an important role to entrench the project among the South African partner 

institutions like the DWS – Department of Water and Sanitation (former DWA), WRC 

– Water Research Commission, CSIR – the Council for Scientific and Industrial 

Research etc. Therefore regular correspondence with local institutions as well as 

continuous screening of local water developments, publications and policies are 

required. IEEM also engages with local stakeholders like the local irrigation boards and 

the Middle Olifants River Forum to increase awareness for the project and enhance 

local ownership. 

2.5.1 Research objective and research design 

The catchment of the Middle Olifants was selected as a study area because of its 

regional water challenges including water shortage, water pollution and imbalanced 

water distribution. Regarding these water problems the use of optimised technologies, 

the development of local structures and capacity development in management and 

operations in the local water sector are crucial.  

Therefore IEEM research focus lies on the question of how to enhance the value chain 

for production and services in the water sector as an important part of an integrated 

water resources management approach for the Middle Olifants. Besides the 
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conceptional design of a value chain model for the water sector, IEEM also developed 

strategies for the empowerment of local actors and improvement of local ownership in 

the region in terms of a professionalisation process especially in regard to operations 

and maintenance of water facilities. These strategies can comprise anything from 

private sector involvement (including international cooperation) to a solid investment 

programme in infrastructure improvement (e.g. refurbishment concepts of WWTPs). In 

this way the research work of IEEM accounts for the present National Water Resource 

Strategy (DWA 2013), which named planning, infrastructure development and 

operation and maintenance of water resources infrastructure as one water sector priority 

focus area. On these matters, IEEM combined different economic aspects of IWRM-

measures in the Middle Olifants catchment following two integrated economic research 

approaches with different research tasks and outputs, which should be seen as 

complementary and were pursued in parallel 

1) Conceptual research work: Analyse the share of functions on the basis of a value 

chain approach in the water sector with the goal to find solutions for improved water 

quality management in the Middle Olifants region according to local priorities and 

needs. 

Output: 

 Detailed analysis and approach of value chains in the water sector 

 Business model for improved water services  

 Refurbishment programme with REMONDIS 

 Water financing approach  

 

2) Empiric research work: Understand and identify existing strategies and business 

opportunities of internationalisation in the water sector on the basis of a sector wide 

survey and interviews in Germany and South Africa  

Output: 

 Detailed analysis of internationalisation strategies in the water sector  

 Detailed analysis of the South African water sector 

 South African water marketguide  

 Case study on refurbishment measures for the WWTP Groblersdal with 

REMONDIS and HUBER 

 Financial tool and investment schemes for the WWTP Groblersdal 

For the conceptual design of a water value chain approach for the water sector, IEEM 

transferred and adapted the classic value chain model, originally developed in the field 

of business strategy by Michael Porter (Porter 1985, 1990), to the field of water 

management. In order to do so, an intensive literature study on existing value chain 

models and approaches was necessary as well as an in-depth analysis of the given 

national and international share of functions/actions in the water sector such as 

hierarchical and vertical working relations, supply chains and other operational value 

creation processes in the context of a sustainable water management scheme (including 

e.g. reliable water service provision). 

Based on the findings two value chain models were developed that represent a 

disaggregated view on the water company’s activities and interlinkages. They can be 
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used to assess all value adding and non-value adding activities associated with the 

production of a good (or service) in the water sector (see Chapter 2.5.2). 

On the basis of this information companies from the water sector can decide to modify 

their value chains with regard to a new aggregation of functions internationally and also 

with regard to new cooperation models in the water market. In view of that the IEEM 

carried out a detailed analysis on the South African water sector as such, including an 

examination of existing water laws, governance and management structures, both on a 

national and local level (see Chapter 2.5.3).  

This water sector analysis also included empirical studies on the status quo of the 

available wastewater treatment services in the region of the Middle Olifants. Together 

with REMONDIS IEEM developed a Refurbishment Programme which was conceived 

to support an in-depth case study on the WWTP of Groblersdal (see Chapter 2.6). IEEM 

took responsibility for the investment schemes and the setup of a financial tool to 

evaluate the different scenarios of the case study from an economic perspective (see 

Chapter 2.5.2.2). 

In addition, the institute conducted a sector wide survey and expert interviews with 

private companies and public organisations from the German and the South African 

water sector to explore the motives and strategies of internationalisation as one main 

aspect in terms of a new share of functions in order to improve local water services, 

such as wastewater treatment. It was evaluated that a mix of internal and external 

factors defines the wealth-maximising opportunities of internationalisation and 

cooperation in the water sector. Although, the size of an organisation is not necessarily 

the dominant factor in determining strategies, internal constraints such as financial, 

human and technical resources, which are often related to size, play a central role in this 

discussion (see Chapter 2.5.4) In conclusion IEEM developed a market guide that 

focuses on business opportunities for sharing activities and functions between 

international water companies willing to enter the South African water market and local 

business partners from the Middle Olifants region (available for download from 

www.iwrm-southafrica.de). 

Within this process, IEEM also developed a new “sustainable water finance approach” 

that addresses the lack of investment for the water sector in the region of the Middle 

Olifants. Sustainable water finance promotes solutions that underpin the establishment 

of optimised technologies, access to sufficient funding opportunities and the 

development of local structures including the local economy and effective governance 

mechanisms (see Chapter 2.5.6). Consequently all economic measures found to be 

reasonable should be designed in a way that they will not fail during implementation 

due to a lack of “local ownership”. 

2.5.2 Enhancing the Value Chain for Production and Services in 

the Water sector 

2.5.2.1 Introduction/initial situation  

Many countries face enormous obstacles regarding the implementation of a sustainable 

water resource management in terms of quantity (e.g. allocation trade-offs) and quality 

issues (e.g. pollution matters). The enormous obstacles result from the complexity of 

water management “beginning with technical, institutional and organisational 
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challenges, the application of new technologies, legal and regulatory considerations and 

regulatory effectiveness. Other aspects are standards, investment, costs, financing, 

pricing, governance, and economic, financial, social and environmental sustainability 

(PWC 2012, p. 3).  

In this context a well-known problem is that many countries miss supply-side 

infrastructure to assure reliable drinking water supply and sufficient wastewater 

treatment
1
. The results are negative impacts on the environment, livelihoods and at 

worst human health
2
. For the majority of states water services are provided by 

municipalities or contracting partners through direct or delegated management 

contracts. South Africa is no exception, water treatment and water supply infrastructure 

is mainly in public hands while water and wastewater services are mostly performed by 

the municipalities directly, or through municipally-owned companies (e.g. DWA 2010). 

This might be a problem in the sense that missing market structures and a lack of 

operation capability, both by local contract partners and in the public domain, too often 

fail to foster sustainability in the water sector (e.g. Marin 2009, p.7). 

According to the Department of Water and Sanitation (DWS 2015b) water services 

delivery in South Africa faces the following major challenges: 

 Poor water services planning and prioritisation 

 Ageing water infrastructure; increasing investment needs 

 Changing workforce with rising lack of technical skills 

 Poor economic conditions, with water services provision often a “bankrupt 

business” 

 Adequacy of water resources; climate change impact 

 Shifting patterns in water demand; rising energy costs 

 Competing political priorities (LG elections). 

In regard to MOSA, a lack of efficient local structures in the project area, meaning the 

physical condition of the local infrastructure and little to “no” operational functionality 

of water facilities are crucial issues to tackle, especially in terms of the sustainable 

delivery of water services (e.g. DWAF 2006)  

As described by the Development Bank of South Africa (DBSA) before: 

The existing municipal ownership models in the region lead to poorly operated 

and maintained potable water and wastewater treatment works, adversely 

impacting the supply of water and the protection of the quality of the resource 

(DBSA 2011, p. 8). 

                                                 
1
  Not only for households but also for industries that discharge untreated or at least insufficiently 

treated wastewater into the basins. 

2
 To remedy such problems, as early as in the 80s and 90s some countries followed the route of 

liberalisation of the water service sector with the aim to advance the situation through private sector 
involvement and to avoid further “economic state failures

2
”. However, a closer examination today 

shows in fact that the responsibility of water services provision (water supply and waste water 
management) predominantly remains in public hands; this is also the case in South Africa. Today 
(2013) there exist 169 (out of 278 in total) municipalities are entrusted with the responsibility of water 
supply and wastewater services assigned as water service authorities (WSA). 
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The lack of asset management, plant operation and maintenance (O & M) leads to the 

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

insufficient water services. In this way water shortage does not only mean a surplus of 

demand over supply, but also results from the great quantity of polluted water that 

requires extensive treatment before it can be (re-) used for different purposes. Coming 

from there it is no surprise that the polluted water in the region also triggers water 

scarcity and vice versa influences available water yields for different water users (e.g. 

Rudolph et.al. 2010). 

In the Olifants catchment, water demands are already at their peak for consumption and 

production purposes. Regarding sectoral water demands, agriculture represents the 

biggest share with an estimated 66 % of aggregated water demand (e.g. DWA 2011, 

p. 7). 

To face the named challenges and develop sustainable solutions IEEM followed a 

twofold approach: 

From a practical point of view IEEM, together with the industry partners REMONDIS 

and HUBER, developed a refurbishment programme, which was elicited within an in-

depth case study on the WWTP Groblersdal. This included the evaluation of different 

investment schemes according to local needs. To compare the different investment 

scenarios, IEEM framed a financial analysing tool (available for download from 

www.iwrm-southafrica.de). The main aspects of the financial analysis based on the 

Groblersdal WWTP are presented in Chapter 2.5.2.2. 

On the other hand, IEEM generated a conceptual design of a value chain model for the 

water sector which should help to identify how to improve the water sector through the 

enhancement of the value chain for production and services in the water sector 

including aspects of professionalisation of water services (such as drinking water supply 

and wastewater treatment) through private sector involvement, particularly in form of 

foreign direct investments (FDI) that might facilitate capacity building, technology 

transfer and access to financial resources. The main results are presented in Chapter 

2.5.2.3. 

2.5.2.2 Financial Analyses of refurbishment measures for the 

Groblersdal WWTPs in the Middle Olifants 

In regard to sustainable infrastructure investments overall costs consideration for a 

defined period are essential in order to evaluate the “real costs”, which come with the 

investment over time. Especially those investments made by the public sector, which 

are planned on a budgetary basis, need to account for operations and maintenance as 

well as re-financing expenses from the beginning. That is to assure sustainability in the 

matter of operations and maintenance of the facilities but also in the matter of financial 

terms. In the Middle Olifants region for example many plants were not maintained 

probably and eventually felt into disrepair what produced high sunk costs and negative 

impacts on water quality in the region. 

That is why MOSA developed a financial tool following the approach to create a 

business model around different investment alternatives in the wastewater sector and 

shows how an operationalisation of the results can be achieved. Thus, the tool can serve 
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as a means for comparing the results from the case study on the refurbishment of the 

wastewater treatment plant Groblersdal in a more dynamic and comprehensive way. 

First of all, a short description of the functions will be given before further elaborating 

on assumptions and limitations. The tool comes with four input sheets (one for each 

concept) and an additional output sheet for evaluation. In each sheet there is a menu 

section, where critical parameters can be selected manually. Amongst them are 

capacity, period under view, interest rate as well as the parameters for different 

scenarios. In a next step, the user will be asked to provide numbers on capital 

requirements and operational expenses for all alternatives in the operational expenses 

sections. Blue highlighting guides the user through the tool, as it marks the columns 

where entries are required. All further calculations are based on the entries made in both 

the menu and cost section and do not require further interventions from the user. 

The total costs determined in the operating expenses section are used as a reference 

point for calculations of the income (total and per m³) from wastewater treatment 

activities. The best case (Scenario I – 100 %) assumes that revenues generated cover 

full costs. Scenario II and III are cases in which revenues are below costs (percentages 

can be selected in the menu section). If applicable the user can also enter values into the 

revue from reuse section. This applies if the wastewater can be sold after treatment. 

Profit/loss for the periods is then calculated for each scenario based on the revenues and 

costs calculated. This first result is followed by a life cycle cost calculation and a life 

cycle assessment which also includes receipts and the balance for each period. The 

surplus or deficit that each period exhibits is used to determine the capital/financing 

requirements for each period. For all scenarios the payments for investing activities 

(CAPEX) need to be financed, so the annuity goes into the operational expenses 

(OPEX) section and increases the costs. This derives from the fact that most public 

entities do not have sufficient financial reserves or cash flows from which to cover all 

costs upfront of the investment. 

The additional capital requirements which stem from the deficits due to insufficient 

revenue streams are also outlined and must be covered through alternative capital 

sources such as subsidies, credit or increased charges etc. (which comes close to the 

actual conditions). 

For further comparison of the different concepts the Net Present Value (NPV) of the 

scenarios is also provided. The output section then summaries the results and compares 

the different concepts regarding price per m³, capital/financing requirements, annuities 

and total costs. The output section is meant to facilitate and simplify the decision 

making process. 

The biggest achievement of the tool is that not only the costs outlined in the case where 

used, but the revenue streams were also considered to increase its meaningfulness. Even 

though the wastewater treatment usually is a not for profit business model, costs have to 

be covered, either by user charges (tariffs) or funding from other public budget sources 

(taxes, transfers). Besides, the service should be provided to the users at low costs. Thus 

it is the aim to minimize investment and operating costs likewise. 

In addition, the tool allows for choosing longer periods (over five years), which helps 

with the evaluation in so far as only longer periods usually require repair and 

replacement of e.g. machinery and equipment. The questions regarding reinvestment 



- 169 - 

requirements and which costs occur when can solely be assessed by looking at a longer 

period. This is in line with the principle the life cycle assessment, which is used to 

evaluate the performance of a building throughout its life cycle, including acquisition, 

development, operation, management, repair and even disposal and decommissioning. It 

allows comparisons among different investment scenarios, designs and specifications 

based on their life cycle performance. In regard to the case of Groblersdal the life cycle 

assessment allows comparisons of costs among different investment scenarios 

accounting for the best technology (in terms of design and specifications towards local 

conditions) as well as adequate maintenance through reliable services contracts, all 

together producing lower costs altogether, when accounting the total costs over a life 

time span of the water facilities and their networks. 

Even though the tool is narrowed down to the most important parameters, it can easily 

be used for similar projects and can be altered to account for various specifications, not 

reflected in the example at hand. It serves as a starting point and guiding principle to be 

used by people in charge of investment. It does certainly not replace a detailed planning 

and budgeting process, but it serves as a good first assessment and overview. Especially 

when considering cases, where no assessment methods are in place. 

2.5.2.3 Conceptual Design of a Value Chain Model for the water sector 

According to the neoclassical theory of the firm, a company always follows the 

fundamental rational of profit maximisation (e.g. Veblen 1997, Weintraub 2007). This 

prevailing neoclassical postulate has been challenged repeatedly, for example by 

leading economist William Baumol who argues that the quantity corporations act to 

maximise is not really profits but sales (Baumol 1967, p. 45). Yet, we can also ground 

the rational of profit maximisation in practice, knowing from real world experience that 

economic organisations do need to serve their shareholders. Shareholders strive to 

maximise their own utilities – meaning they want to earn money. 

Likewise, companies do act in an institutional setting, whereas this setting can range 

from free-market economy (today’s dominant model even though excluding water 

services as other infrastructural services which are organised under a public monopoly) 

to centrally administered planned economy (as we still observe in North Korea for 

example). Hence the institutional setting depends to a great extent on the political 

system and political agenda in place. At the same time, the regulating rules within the 

institutional setting can differ from industry to industry. Moreover the development 

status of a country plays an essential role for the organisation of national economies and 

the establishment of functioning market structures (e.g. North 2005). 

In general, it is important to recognise that economic organisations are shaped as a 

function of external constraints (e.g. national market structures, specific industry 

regulations or international trading rules etc.) and internal constraints such as certain 

preferences, technology, human capital, financial resources, etc. 

Consequently, the wealth-maximising opportunity of a firm results from the interaction 

of these constraints (e.g. Zuckin & DiMaggio 1990). Furthermore, business enterprises 

today act as economic players embedded in a global market system. In order to survive 

and succeed, these companies need to compete with many more “economic players in 

the field” than before times of globalisation. Schumpeter already postulated in 1912 the 

competitive environment within which firms operate is one of “struggle and motion” 
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(e.g. Schumpter 1912). This is still true today and applies to both, national and 

international markets. 

In the 1980s a new research field of business strategy evolved that was mainly 

concerned with the understanding of entrepreneurial success in such a competitive 

environment. On a broad empirical basis the concepts of business strategy attempt to 

explain, why some companies succeed in the market and others fail. This includes the 

analysis of strategic choices and competitive issues. 

Here Michael Porter is certainly among the most influential authors in the field of 

business strategy research. He seeks to identify the reasons for a company’s success in 

maintaining/increasing/realising its competitive advantage. A firm can generate such 

advantages from its value chain, meaning “from the many discrete activities a firm 

performs in designing, producing, marketing, delivering and supporting its products 

[and services]”. To him “each of these activities can contribute to a firm’s relative cost 

position and create a basis for differentiation” and thus lead to a competitive advantage 

in the market (Porter 1985, p.33). 

The generic logic of Porter’s value chain in terms of added value creation entails 

competitive advantages based on two types: cost leadership or differentiation. 

Differentiation implies the provision of a good or service that is valuable to the 

customer, at its best unique and beyond the offering of a low price. For example, the 

inclusion of a service as an integrative part of a product can be critical for the value 

realised by customers and thus improve the competitive position in the market through 

differentiation. In this way differentiation results in a competitive advantage if it allows 

the firm “to command a premium price, to sell more of its products at a given price or to 

gain equivalent benefits such as a greater buyer loyalty during cyclical or seasonal 

downturns” (Porter 1985, p. 120). In contrast, a low price can also be a dominant factor 

of demarcation, however it is associated with a cost advantage. 

To Porter a company can gain a cost advantage “if the firm achieves a lower cumulative 

cost of performing value activities that its competitors” (Porter 1985, p. 97). Due to this 

cost advantage the firms can demand a lower price and by this generate added value in 

terms of savings for the buyer. As Porter states: “Buyers also have value chains and a 

firm’s product represents a purchased input to the buyer’s chain” (Porter 1985, p. 52). 

Consequently „to attain a competitive advantage a firm must make a choice about the 

type of competitive advantage it seeks to attain and the scope within which it will attain 

it” (Porter 1985, p. 50). 

In spite of this, a number of internal and external factors constitute a firm’s competitive 

advantage of differentiation and/or cost advantage. Porter identifies the following 

generic drivers that impact value creation and the cost structures of activities (Figure 

2.5-1).  



- 171 - 

Cost Driver  Explanation  Drivers of 

Uniqueness  

Explanation 

Scale  E.g. economies of 

scale 

E.g. scale of 

facilities, regional 

scale, national 

scale etc.  

 Scale 

 

E.g. Large scale 

can allow an 

activity to be 

performed in a way 

that is not possible 

at smaller volumes 

Capacity utilisation E.g. seasonality, 

fluctuations in 

demand 

 Linkages 

 

Within the value 

chain, to suppliers 

etc.  

Linkages E.g. to suppliers   Interrelationships 

 

Uniqueness might 

stem from sharing 

activity with other 

business units 

Interrelationships E.g shared 

purchasing with 

other business units 

 Location 

 

E.g. access to 

resources 

Vertical integration E.g. make versus 

buy decisions 

 Timing  First mover or late 

mover 

Location E.g. cost of labour  Learning and  

spillover  

Proprietary 

learning 

Timing First mover or late 

mover 

 

 

 Integration 

 

Of value chain 

activities e.g. 

uniqueness of 

after-sales services 

Learning Experience, 

capacity 

development 

 Institutional  

factors  

E.g. unique job 

definitions for 

employees 

Internal policy 

decision  

E.g. Payment 

schedule to 

supplier, credit 

policy etc. 

   

Government 

regulation 

In favour of /or 

against industry- 

e.g. environmental 

obligations for 

certain production 

processes 

   

Figure 2.5-1: Drivers of competitive advantage 

 (Compiled by the authors according to Porter (1985), p. 62–120) 
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Then again, none of these drivers comprises the competitive position of a firm alone. It 

is always a combination of these factors that determines, for example, the costs of a 

particular activity. 

Within the context of differentiation and cost advantage, technology also plays a central 

role regarding competitiveness. Above all this applies to industries with technology 

intensive production processes and products
3
. However, technology ranges from 

classical operations technologies such as materials handling technology, machine tool 

technology, build and design to the communication and information system used within 

the scope of marketing activities. Thus, technology might affect the relative cost 

position of any firm. 

On this basis a company also has to decide on the technological strategy it wants to 

follow, whether to become a technological leader or a technological follower (Porter 

1985, p. 175–180). 

As a technological leader the company can achieve a cost-advantage in terms of 

1) Pioneer the lowest cost product design, 

2) Be the first firm down the learning curve, or 

3) Create low cost ways of performing value activities. 

As a technological follower the company can achieve a cost advantage through 

lowering the cost of the product or value activities by learning from the leader’s 

experience. To achieve competitive advantage through differentiation the technological 

leader will pioneer a unique product that increases buyer value or innovate in other 

activities to increase buyer value. As a technological follower the company will adapt 

the product or delivery system more closely to buyer needs by learning from the 

leader’s experience (e.g. Porter 1985, p.181). 

Thus, at the core of a technology strategy is the type of competitive advantage a firm is 

trying to achieve. Furthermore, a competitive advantage is always relative to existing 

and potential competitors (e.g. Porter 2001, p. 79–81). Other authors chose Porter’s idea 

to further develop the framework of a value chain. In order to model a more accurate 

picture for different industries and production processes, distinctive pictures for the 

production process of a good or a service were developed (e.g. Stabell et. al 1998). This 

is why we can find for example so called value shops or value networks beside the 

classical picture of a chain. However all these frameworks are based on the same 

underlying assumptions of Porter’s value chain approach to analyse a company. 

Above these value-chain models, there exists a broad range of empirical research work 

in the field of so-called “supply and global commodity chains”. Triggered by trends of 

globalisation and increasing international trade activities, these approaches mainly 

occurred in the 1990s. Apparently companies today need to compete not only with 

national firms but also with international companies penetrating their home markets. As 

export rates rise, processes of internationalisation take place within the whole value 

chain. Manufacturers for example, not only export their finished products to foreign 

markets, but also procure materials and design, manufacture and assemble products in 

                                                 
3
 Here companies try to protect their competitive advantages through patents or at least licensing to 

avoid involuntary transfer of knowledge to external parties. 
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other countries. Besides, services are also disaggregated and traded separately. In this 

way, the configuration of value chains in terms of internationalisation (like the 

outsourcing of a certain activity to another country) constitutes global market structures. 

For the purpose of MOSA research work, the quantification of value adding activities 

and their interlinkages among the value chain is at the centre of analysis also in terms of 

internationalisation processes. To Porter the identification of added value creation and 

sources of differentiation refer directly to a firm’s competitive position in the market. 

That is why Michael Porter’s approach of competitive advantage through value chain 

modification provides the best analytical framework to define where improved value 

creation can be reached by a new sharing of functions in the water sector. 

“Water sector” is a general term that incorporates all water related institutions, 

infrastructure and management strategies. Contrary to the term water sector, the term 

water industry is normally used to describe all institutions that are in charge of drinking 

water supply and wastewater treatment services. For the majority of states, the public 

domain, predominantly municipalities are legally responsible for the reliable delivery of 

clean drinking water and sewage disposal. Yet, many local authorities delegate the 

operational business to other public or private entities. 

These service companies can then again be differentiated into operators under public 

law and operators under private law. The operators under public law are normally 

partially or completely owned by the municipality, while operators under private law 

can be owned by one or more private shareholders. 

In the past years, many states promoted the involvement of private companies with the 

goal to improve service quality through efficiency gains and to relieve the municipal 

budget. Generally speaking, private sector participation can be shaped in various forms, 

may it be through different ownership and management models, as for example full 

divesture, partial divesture, concession, lease, or BOT-models, management contracts 

and pure service contracts (e.g. GWP 1998, p. 15; Rudolph et. al. 1991, 1993, 2005 and 

2006). 

Nevertheless, many countries still fail to foster sustainability in the water sector because 

of investments gaps and missing operation capability, both by local contract partners 

and in the public domain (e.g. Rodriguez et al. 2012, p. 7). 

To tackle these problems private sector participation has also been used as a tool to 

open up the market for international water companies. Then again, for the reliable 

delivery of clean drinking water and sanitation services for private households and/or 

commercial clients, operational capacity is not the only obstacle to achieve functioning 

water services. 

The use of optimised technologies, the development of local structures and access to 

sufficient funding opportunities are as crucial as capacity development in management 

and operations. Therefore, the term water industry as used by IEEM in this research 

project is not reduced to water services companies but ranges from technology 

providers to project developers. In this way, the water industry covers all companies 

that participate in the water market with regard to the creation of an overall sustainable 

water sector. 
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2.5.2.4 Water Sector Value Chain Models 

To analyse the share of functions and roles among these firms, IEEM developed two 

value chain models based on Michael Porter’s general value chain approach. To get a 

better picture of the functions and roles in the water market one needs to make an 

analytical distinction between two different forms of companies which participate in the 

water sector. As a result the following two value chain models have been developed: 

1. Service providers (water supply and wastewater treatment for municipal or 

industrial systems): These companies are those who provide typically operations 

management of drinking waterworks and/or wastewater treatment plants. Some of 

these operators provide a whole range of services related to water management 

(Figure 2.5-2). 

 

Figure 2.5-2: Value Chain Model 1: Service providers 

 (Compiled by the authors) 

 

2. Producers (of material and immaterial goods): These companies can range from 

technology providers as for example a plant or component manufacturer (provision 

of material goods) to an engineering service provider or software developer 

(provision of immaterial goods) (Figure 2.5-3). 

 

Figure 2.5-3: Value Chain Model 2: Producer 

 (Compiled by the authors) 

These two models represent a disaggregated view on the water company’s activities and 

interlinkages. They can be used to assess all value adding and non-value adding 

activities associated with the production of a good (or service) in the water sector. On 

the basis of this information companies can decide to modify their value chains with 

regard to a new aggregation of functions internationally and new cooperation models 

with local companies from emerging countries. A new share of functions in the water 

market ideally leads to a win-win situation and value creation on both sides. 

In order to reach this goal and to apply the concept, the next step is to examine the local 

water sector to identify priorities related to local water management needs (basin 

specific) and business opportunities according to local market demand (Middle Olifants 

region). 
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2.5.3 Analysis of the water sector in South Africa 

(and Middle Olifants) 

Water supply outstrips demand in the Middle Olifants region due to a series of problems 

such as, for example, inefficient water use (water losses and run-off), over-exploitation 

due to a lack of demand management and insufficient sewerage disposal and wastewater 

treatment. The fact that the Olifants River is a tributary of the Limpopo River Basin, 

which is shared by four riparian states: South Africa, Botswana, Zimbabwe and 

Mozambique, exacerbates the situation of competitive water shares in the region. 

For that reason the riparian states of the Limpopo River implemented certain 

cooperation mechanisms with respect to the use and management of the water resources 

of the whole basin, including the Olifants River. The first multilateral agreement 

regarding the Limpopo Catchment was already signed in 1986. This agreement 

provided the legal framework for the establishment of the Limpopo Basin Permanent 

Technical Committee (LBTC) with the purpose to advise the concerned parties on 

transboundary issues related to the management and utilisation of the water resources. 

Furthermore in 1995 all riparian states signed the protocol on shared watercourses in the 

Southern African Development Community (SADC)
4
. The protocol was revised in 

2000. This document in general regulates transboundary water management, according 

to concepts of international water law
5
, for all member countries of the Southern 

African Development Community on a general cross-border scale. Although only 

Botswana, Lesotho, Namibia and South Africa have ratified the revised protocol of 

2000 so far, all riparian states of the Limpopo basin follow a shared management 

approach. In 2003 the LBTC was replaced by the Limpopo Watercourse Commission, 

which is the responsible authority at present to “advise the Contracting Parties and 

provide recommendations on the uses of the Limpopo, its tributaries and its waters for 

purpose and measures of protection, preservation and management of the Limpopo” 

(LIMCOM Agreement 2003, Article 3). Moreover, South Africa and Mozambique 

already achieved a bilateral agreement in 1996. In the same year they established a Joint 

Water Commission for the Olifants River with the objective to facilitate the shared use 

of the water resources. 

However, today human induced stressors on both sides of the border impair the aquatic 

ecosystem of the shared water resource, triggering a decrease of biodiversity, changes in 

water flow and sediment patterns, limited recharge, changes in nutrient cycling, primary 

production and so on. 

On a national scale the Olifants River catchment also exceeds several administrative 

boundaries. The Olifants Water Management Area covers parts of Gauteng, Limpopo 

and Mpumalanga Provinces, it includes eight district municipalities and 25 local 

                                                 
4
 The member states of the SADC protocol on shared watercourses are: The Republic of Angola, the 

Republic of Botswana, the Kingdom of Lesotho, the Republic of Malawi, the Republic of 
Mozambique, the Republic of Namibia, the Republic of South Africa, the Kingdom of Swaziland, the 
United Republic of Tanzania, the Republic of Zambia and the Republic of Zimbabwe. However, until 
today “only” Botswana, Lesotho, Namibia and South Africa have ratified the agreement. 

5
 Like the 1997 UN Watercourses Convention and the historical important Helsinki Rules of 1966 both 

providing general rules on the uses, protection, preservation and management of international shared 
watercourses and their waters. 
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municipalities. Thus cooperation and sectoral integration is necessary on different 

policy and governance levels. 

There are great efforts made by the South African government to mitigate the described 

water issues and respond to the continued deterioration of water quality (also in the 

Middle Olifants region). Water quality management has a long history in South Africa 

and dates back to 1919, with the Public Health Act No. 36 of 1919 of the former Union 

of South Africa. This Act regulated the management of sewage disposal. Further laws 

were enforced, including the first sole Water Act 54 of 1956 (Union of South Africa 

1956). By 1956 it was becoming apparent that reconciling water supply with water 

demand would be increasingly difficult and that re-use of effluent would have to play a 

major role in the management of the country’s scarce water resources. Consequently, 

after 1956 the earlier requirement of the health authorities that prohibited the disposal of 

effluent to natural watercourses had to fall away. The 1956 Act in fact required that all 

effluent be returned to the water body from which the water was originally abstracted. 

In the following years the act was modified and amended by a list of uniform effluent 

standards (most recently in 2013) with special effluent standards (DWAF 1998 b). All 

the laws mentioned were important milestones that shaped the South African water 

sector until the end of the 20th century. 

Nowadays South Africa is known for its progressive legal and policy framework for 

water, which is based upon the general recognition of the right of access to water 

declared in South Africa’s constitution of 1996 (constitution section 27.1.b). This right 

to water is specified in a number of legislative and policy documents. 

The constitution assigns the national government with the general management of water 

resources, whereas the local authorities (municipalities) are responsible for the 

provision of water and sanitation services. In this way the Minister of Water and 

Sanitation (formerly the Minister of Water and Environmental Affairs (until 2014)) is 

the public trustee of the nation’s water resources meaning that water belongs to the 

whole nation for the benefit of all people. The government has to ensure that there is 

water for social and economic development and water for future generations. 

Today the two main legal documents are the Water Services Act no. 108 of 1997 and 

the National Water Act No. 36 of 1998 (DWAF 1998). The National Water Act (NWA) 

provides a legal framework for the protection, use, development, conservation, 

management and control of South African water resources that is, rivers, streams, dams 

and ground water. The act promotes an integrated water resources management 

approach based on the leading principles of sustainability, equity and efficiency. In this 

context, the establishment of so-called Catchment Management Agencies (CMA) 

according to the existing WMAs is fostered to enable a decentralised management that 

takes into account basin specific characteristics and follows a participatory approach for 

stakeholder involvement. The goal is to have 9 CMAs in total which are responsible to 

manage water resources at the catchment or watershed level (e.g. DWA 2012). 

According to the DWS “the establishment of CMAs enables the promotion of equity 

through more effective water resources management and greater responsiveness to the 

needs of poor and marginalised communities arising from the closer links with 

stakeholder groups in the Water Management Area (WMA)” (DWS 2015a). A 

Catchment Management Agency for the Olifants is envisaged to be implemented until 

2016. 
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With regard to resources protection the National Water Act specifies a series of 

measures including the definition of quantity and quality aspects. Chapter 3 deals 

explicitly with the protection of the resources including the prevention of pollution and 

“in particular the situation where pollution of a water resource occurs or might occur as 

a result of activities on land.” It states: “the person who owns, controls, occupies or uses 

the land is responsible for preventing pollution of water resources and is also 

responsible to remedy the effects of the pollution. If the person responsible does not 

take measures to prevent pollution, the catchment management agency (or the Minister 

if there is no catchment management agency in place) may take steps to prevent 

pollution or to address the effects of pollution. The person or persons responsible for the 

pollution is also responsible for paying the costs to address the effects of the pollution” 

(National Water Act 1998, Chapter 3). The counterpart to Chapter 3 is Chapter 4 which 

deals with the rights of water users and with the licensing of water use that may have, or 

may potentially have an impact on water quality (Section 40). Also, the General 

Authorisations are important (middle tier under the act) and also provide general and 

special effluent standards – 2013 No. 665. 

Moreover, there exists a long list of supporting policy documents, such as the White 

Paper on National Water Policy for South Africa (1997), which complement regulations 

on water resources management. On the other hand the Water Service Act of 1997 (Act 

No. 108 of 1997) deals with water services including the following issues:  

 The right of access to basic water supply service and sanitation 

 Regulation and norms for the provision of water services including standards for 

tariff setting 

 The governance of water service as for example: water services development 

plans; to provide a regulatory framework for water services institutions and 

water services intermediaries; to provide for the establishment and 

disestablishment of water boards and water services committees and their 

powers and duties 

 The establishment of monitoring measures 

 Implementation of financial schemes to support water service institutions 

 Transparency and accountability 

 Information policy including transparency through information access and 

accountability of water service providers 

The main documents underpinning water services are the White paper on a National 

Water Policy for South Africa (DWAF 1997) and the Strategic Framework for Water 

Services (DWAF 2003). These documents in accordance with the current legislation are 

the results of an ongoing reform process to achieve a sustainable water service. In this 

way the National Water Act and the Water Service Act can be seen as complementary 

legislation to sustain the water resources of the country and to improve water supply 

and sanitation services for the people. 

Furthermore, the government itself, notably the Ministry of Water and Sanitation is very 

ambitious in establishing a sustainable water sector, while the DWS - Department of 

Water Affairs and Sanitation serves as the extended arm of the Ministry and is the main 

body responsible for determining water policy (the Department was named DWAF until 

2009 and DWA from 2009 until 2014). 
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The DWS supervises the elaboration of the so-called National Water Resources Strategy 

(NWRS). This strategy is the legal basis for the implementation of the National Water 

Act and sets up a comprehensive framework to manage water across all sectors. The 

first edition (NWRS 1) was published in 2004 by DWAF and replaced by the second 

edition NWRS 2 published by DWA in 2012 (see references DWAF 2004 and DWA 

2012). In line with the current National Water Resources Strategy 2, the DWS publishes 

annual performance plans and scheduled actions for improved water resources 

management. 

Moreover the DWS carries out the so-called Green Drop and Blue Drop Reports. The 

“Blue Drop programme” is a certification programme initiated in 2008 by the DWS to 

accelerate the modernisation of South African supply infrastructure. It includes a 

“Drinking Water System Performance Rating” of water service institutions with the 

goal to improve water service quality and compliance with drinking water standards 

(DWA 2009a). The “Green Drop programme” is the counterpart to the Blue Drop 

programme and deals with the evaluation of wastewater treatment plants and sanitation 

services. A report for each programme is published every year, describing the 

progresses made by municipalities and other water service providers (DWA 2009b). 

For the execution of different functions within the water sector, several institutions are 

assigned via national law: 

Water boards (WB): The main goal of the so-called Water boards (WB) is to supply 

bulk water to municipalities or to the private sector (industries etc.), consequently these 

entities develop, operate and maintain water infrastructure such as dams, reservoirs and 

pipelines. In some cases the WB operate drinking water facilities and wastewater 

treatment facilities due to a lack of different capabilities of the concerned municipality. 

The NWRS2 (updated in 2013) points out that the 12 existing water boards will be 

consolidated into nine viable regional water utilities (RWU). 

According to the constitution, the municipalities are responsible for water service 

provision on a local level. Yet, the water service act of 1997 differentiates between so-

called water service authorities (WSA) and water service providers (WSP). 

Water service authorities (WSAs): are defined as “municipalities responsible for 

ensuring access to water and wastewater services, either directly or through another 

entity” (Water Service Act 1997, p. 11). In order to improve water services WSAs have 

to craft a water service development plan (WSDP), which fits the water management 

strategy of the concerned CMA. 

Water service providers (WSPs): are defined as water service intermediaries who 

receive the approval by the water service authority to operate water services for a 

limited period by entering into a contract. “The quality, quantity and sustainability of 

water services provided, a water services intermediary must meet any minimum 

standards prescribed by the Minister and 30 any additional minimum standards 

prescribed by the relevant water services authority” (Water Service Act 1997, p. 22–26). 

Water User Associations (WUAs): represent a formation of water users generally 

representing a special user group such as farmers to pursue sector specific interests; 

most of the WUAs are set up by former irrigation boards. 

Altogether, Figure 2.5-4 below provides an overview of the most important institutions 

and responsibilities in the South African water sector: 
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Figure 2.5-4: The Water Sector 

 (GreenCape 2015, p.11) 

However, the responsible local authorities (WSAs and WSPs) often suffer from “a 

shortage of civil engineers, water scientists and other technically trained personnel 

available to run the municipal water and wastewater services” (GWI 2014, p. 896). 

Thus, in many cases the public entities are not able to sufficiently fulfil a range of key 

functions in water management. According to Wall and Ive, “it is the deficit in asset 

management, plant operation and maintenance 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.)
6
. 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 on water quality. 

However, the capacity gap for adequate asset management, operations and maintenance 

leads to the fact that existing wastewater plants have already produced high sunk costs
7
 

and no benefits for the people. As the report to the WRC confirms, “it is extremely 

important to note that the ‘market’ in maintenance of infrastructure, particularly 

                                                 
6
 For the purpose of water service improvement the DWS promotes the so called “Municipal Strategic 

Self-assessment (MuSSA)” to check the overall business health of a municipality or Water Service 
Authority (WSA) and to identify key areas of vulnerability (DWS at DHI-SA 2015 Annual 
conference). 

7
 Costs that have already been incurred and cannot be recovered. In this case the benefits and gains that 

could have been generated through the adequate operations and maintenance of plants are lost. 
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maintenance of small scale water and sanitation infrastructure and even more so in the 

rural districts, is not well developed in South Africa” (ibid., p. 36). 

In consequence, there is also a strong need for plant refurbishment in order to meet the 

necessary legal standards of water quality and improve wastewater services for water 

users. Especially, in the Middle Olifants regions water for irrigation is a valuable asset 

for the people. 

Another general problem identified is a lack of financial sustainability due to low 

revenue collections. For the municipalities, it seems almost impossible to cover all 

O & M costs through existing in-house cash flows. In this regard, a lack of human 

capacity within the municipalities to undertake necessary key functions in budget 

planning, funding processes and debt management also hinder improvement (e.g. 

Hollingworth et. al. 2011). 

Therefore, the goal must be to enhance the technical and operational sustainability of 

the treatment plants and reach financial sustainability of the utilities. This includes a 

strategy for plant refurbishment and capacity development through private sector 

involvement and the integration of local ownership models. 

2.5.4 Strategies of private sector involvement and 

Internationalisation 

Accordingly, acknowledgement has grown among policy makers, that private sector 

involvement in emerging water markets can facilitate capacity building and access to 

financial resources. 

Moreover, private sector participation also takes place beyond national boundaries. In 

economic trade terms such activities are gathered under the term foreign direct 

investments (FDI)
8
 Companies expand and invest into foreign countries because they 

expect to engage into new markets, in this case water markets, to maximise their market 

shares.  

Generally, as mentioned previously, private sector participation can occur in various 

forms in terms of different ownership and management models as, for example, full 

divesture, partial divesture, concession, lease, BOT-models, management contracts and 

pure service contracts. Depending on the respective national laws different regulations 

apply to foreign companies regarding the structure of their participation. Also there 

might be general regulations in foreign countries, which might impact the original 

business procedures (e.g. Black Economic Empowerment Act of 2003, foreign 

companies are also subject to BEE regulations on employment, selection of business 

partners, suppliers or service providers). 

Usually international companies transfer their business models as a whole or partially to 

a foreign market and a new customer base. In fact, according to Porter’s value chain 

approach, these companies should be able to gain a competitive advantage through 

internationalisation by expanding their market shares and investing in innovation. 

                                                 
8
 United Nations Conference on Trade and Development definition: “FDI refers to an investment made 

to acquire lasting interest in enterprises operating outside of the economy of the investor.” Thus 
Foreign Direct Investments can have many forms including any kind of mergers and acquisitions. 
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In the context of the MOSA research project, IEEM uses the very general term of 

internationalisation for a broad field of international operations referring to OECD 

(2009a) definition for internationalisation: 

 The export of products via global trade 

 The production of products and services abroad via foreign direct investment 

(FDI) (as for example through founding of a company’s own subsidiary) 

 The licensing of foreign firms (in terms of contractual arrangements for the sale 

or even manufacturing of a company’s own products and services). 

In the past years water companies have developed different strategies for the expansion 

to foreign markets while the motivations for internationalisation are as manifold as the 

companies and industries themselves. 

To examine the motives and strategies of internationalisation of companies from 

established water sectors, IEEM carried out a survey in the German water industry. 

Furthermore, several in-depth interviews with German water companies (including both 

value chain types) and other experts from the field (consultancies, political institutions, 

research institutions, NGOs, network organisations, other sector representatives) were 

conducted to identify potential changes for the distribution of value-chain activities 

across different regions and countries. 

The most significant results, drawn from the quantitative and qualitative analyses, are as 

follows: 

 The share of turnover from international business activities amount to a 

minimum of 8 % for small and medium sized companies with up to 50 

employees. For larger enterprises (> 100 employees) the proportion of 

internationally generated revenues is an average of 60 %. Internal constraints 

such as financial, human and technical resources, which are often related to size, 

play a central role in this discussion. 

 It was also shown that the dominant factor for internationalisation was not size 

alone but is also an issue of business leader preferences. The expansion to a 

certain foreign market, for example, is often an intuitive entrepreneurial decision 

which is based on personal networks and other personal experiences of the 

leadership board. 

The reasons named for internationalisation in the survey could be summed up under the 

following three motives:  

1) Market seeking (increase market shares and enter new markets) 

2) Resources and asset/knowledge seeking 

(securing access to certain resources and networks),  

3) Efficiency seeking 

(cost efficiency through use of location advantages for example). 

With special regard to the water market the intention for internationalisation derives 

from the fact that the national markets are becoming increasingly saturated and also the 

dominant position of the public utilities in terms of operating water services (thus 

especially private water companies follow the market seeking motive). 



MOSA – Phase II Summary Report 

Generally these motives are in line with the overall goal to strengthen a firm’s 

competitive advantage in the market. In this context the most important barriers for 

internationalisation, which could be identified are shown in Figure 2.5-5 below 

(classified from high to low priority): 

Barriers of internationalisation 

Internal barriers/Company External/Local barriers 

Human resources State despotism, other political risks 

Financial resources Access to qualified staff 

Quality assurance International/local competition 

Lack of knowledge (legal framework, 

market functioning) 

Unintended knowledge transfer, lack of 

patent protection 

Lack of control mechanisms Special regulations for foreign companies 

Figure 2.5-5: Barrier of internationalisation 

 (Compiled by the authors) 

 

 Yet, it is no surprise that the majority of German water companies prefer to enter 

markets that share the same political system or at least the same cultural 

background. The reasons for that are simple: the risks involved in the 

penetration of similar markets are easier to assess than those where they are 

likely outweighed by the unknown variables (e.g. political instability or 

despotism, corruption etc.). 

 Another important determinant for a company’s degree of internationalisation is 

certainly the business model itself (considering, for example, a company whose 

core business is the implementation of international tendered water projects). All 

companies asked have developed a strategy of internationalisation according to 

their business model. 

On this basis three dominant strategies with different degrees of value creation depth of 

services and goods could be identified (Figure 2.5-6): 
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Strategies of internationalisation 

Dominant strategy of 

internationalisation 

business approach 

Classification in 

regard to value chain 

adaptation 

Type of company according to 

developed value chain models 

and motive 

Systematic acquiring of 

international tendered 

water projects 

Value added-depth 

demand-driven 

depending on tender 

proposal and value 

chain adaptation 

capability 

Type 1 (all operators, especially 

those focused on public tendered 

projects as core business 

 

Type 2 (technology and 

manufacturer who see a benefit in 

product placement or indirectly 

subsidised research and 

development expenditures for 

optimised technology 

Mergers and 

acquisition 

Value added depth 

supply-driven 

depending on 

penetration strategy 

for existing and new 

markets 

Type 1 (“only” service operators 

under private law) for raise of 

market share, sometimes the only 

way to enter new market 

 

Type 2 (dominantly component 

and plant manufactures) for the 

expansion of product range and 

market access 

Organic growth of the 

core business starting 

with 

- Regional sales and 

marketing activities 

- Inspection and 

maintenance  

- Procurement and 

assembling 

- Production  

- Research and 

development in terms 

of a diversified product 

portfolio, adaption to 

regional market 

Value added depth 

depending on 

overriding market 

force (demand or 

supply)  

Type 1 (with exceptions, service 

operators under private law) and in 

cooperation with local 

subcontractors 

 

Type 2 (all companies) in 

cooperation with local partners 

ranging from licensed sales to 

component assembling or even 

production agreements 

Figure 2.5-6: Strategies of internationalisation 

 (Compiled by the authors)  
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For the next step IEEM explored how the identified strategies of internationalisation can 

match with the integration into the South African water sector. Generally, South Africa 

fosters to create water markets that require an integration of local businesses (e.g. micro 

water business development, jobs per drop, black empowered enterprises etc.). 

For that purpose IEEM carried out a survey in the South African water sector and 

conducted several in-depth interviews with South African stakeholders which were 

represented in the following shares (Table 2.5-1): 

Table 2.5-1: Representatives of the South African water sector 

Representatives of the water sector in SA Share 

Water Service Provider 40.35 % 

Water Technology Manufacturer  8.77 % 

Consultancy 22.81 % 

Local Political Institution 12.81 % 

National Political Institution 8.77 % 

Research Institution 10.53 % 

Non-governmental Organisation 1.75 % 

Other Industry 1.75 % 

 

The majority of the participants confirmed the interest of local South African companies 

to cooperate with international partners, 30 % already do have business alliances (out of 

which 30 % are joint ventures and 37 % are based on PPP-models) with foreign 

companies, only 9 % would not support such a strategy (see Figure 2.5-7 below). 



- 185 - 

 

Figure 2.5-7: Different modes of international cooperation.  

 (Compiled by the authors) 

In general 90 % of survey participants see an advantage in cooperating with a German 

company. Thus there is also a chance of professionalisation of the water management 

structures in South Africa through the cooperation of local water companies with 

international companies, who will bring more experience and know-how into the field. 

For the cooperation between local water companies from South Africa and international 

water companies (e.g. from Germany) IEEM promotes a business model that supports 

local development and improves local water services such as wastewater treatment or 

drinking water supply (Rudolph 2011). This so-called “water franchise model” can be 

an effective way to enhance performance structures in the water sector. (e.g. Harbach 

2012, pp. 67, 94-95). 

The word “Franchise” is derived from the old word “frank”, related to the word “free” 

(still used with the phrase “frankly speaking…”). “To franchise” means “to set free” the 

local business from the limitations that have prevented it to develop their local water 

business as contractor of engineering, technologies or operational services. The 

franchisor (usually a strong, professional company, internationally established) will “set 

free” the franchisee (usually a local, small or medium sized regional enterprise) by 

eliminating restrictions, which would disable the local company to deliver high quality 

water technologies and services. In other words, the franchisor will enable its franchisee 

to promote, build, finance and/or to operate ambitious water facilities (see Rudolph 

2007). 

The developed business approach also accounts for the fact that “there is a shortage of 

the necessary skills and experience at the artisan, technical, engineering and 
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management levels to operate, maintain and manage water services appropriately in 

many municipalities. There has been a serious reduction in the number of engineers 

active in municipalities to manage large infrastructure investment programmes and 

many managers lack the necessary skills and experience” (AMCOW 2011, p.3). 

A water franchise business model is a contractual agreement between two independent 

business parties with the purpose to provide technology and services to a public (e.g. 

municipality) or private client (e.g. industry) in the water sector (Wall 2005; Rudolph 

2007; Harbach 2012). 

The franchisor: a larger and experienced (international) water company that supports 

the franchisee through the provision of its technology, expertise and references. The 

franchisor ensures quality levels are strictly maintained in terms of a “conditioned 

performance warranty”, improving the credibility and bankability of the franchisee 

– typically a local contractor. In this way the franchisee and client, both benefit from the 

franchisor’s experience and immense track record in realising water projects worldwide. 

If necessary, the franchisor also provides training and coaching in operational activities 

as well as support in negotiations with banks and the development of individual tailor 

made financing concepts. 

The franchisee: a local service provider who wants to run his/her own water business 

to provide local water services (e.g. operation and maintenance of WWTP
9
), but lacks a 

track record and/or operational capacity to access the market. With the support of the 

franchisor he/she gets the opportunity to reach out to the client, get access to financing 

resources and built capacity in all related business skills. 

One of the most important elements of the franchise concept is the franchise contract, 

also referred to as a franchise agreement. This contract specifies all the terms on which 

the relationship between the franchisor and the franchisee is based. It also specifies all 

rights and obligations of the two parties and how the franchise is to be operated. 

In all cases the franchisor receives a turnover related fee, the so-called royalty fee and 

an initial fee, which is subject to negotiation. The initial fee is a one-off payment to 

compensate the franchisor’s expenses in the initial phase of contracts and projects. The 

royalty fee is paid from the franchisee to the franchisor on a monthly or annual basis. 

In return, the franchisee receives the contractually agreed support services by the 

franchisor. In this way, the franchisee benefits from the experience and expertise of a 

strong international player, enjoys the best possible degree of business security and can 

work effectively right from the start, thus saving considerable time and expense. 

Moreover, the franchisee is the direct contract partner to the client (e.g. municipality) 

and therefore gets paid by the client or the water customers directly. The franchisee 

follows an entrepreneurial approach and can maximise his/her profits through 

continuous service improvement and/or the expansion of his/her own business to other 

sectors and new clients. This is an important aspect in order to improve water services 

through a professionalised asset management. In this way the municipality and its water 

customers (water users) benefit from the franchise model. In the end this business 

model should enable access to new funding opportunities, knowledge transfer and local 

                                                 
9
 WWTP= wastewater treatment plant 
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capacity building, improved infrastructure and optimised technology, economic and 

social development as well as ecological sustainability. 

Thus franchise may be understood as a capacity buy-in concept, or as a specific form of 

a twinning approach, or even as a local ownership scheme, or a micro-PSP, but always 

within a professional, sustainable structure and a performance guarantee through a 

strong partner accounting for different aspects of risk related to water services.  

According to the MOSA survey and interviews there is a great interest in empowering 

local business through private sector involvement in the water sector in South Africa, 

also to reduce the risk of malfunctioning and mismanagement as shown below (Figure 

2.5-8). 

 

Figure 2.5-8: Location of risk management 

 (DWA 2012, p. 45) 
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2.5.5 Sustainable water finance 

Financing mechanisms have a great impact on the design, construction and operation of 

water and wastewater facilities. Especially in developing or emerging countries with 

poor enforcement of water quality and environmental standards, the “bottleneck of 

success” is often operations and maintenance (O & M). The “investment-only-finance 

strategy” based on a state guarantee does not set any incentives for O & M. Output-

based elements in financing are needed to avoid malfunctioning facilities and improve 

the performance levels in water and sanitation. “Service providers need better support 

from government institutions through improved subsidy targeting, more strategic 

planning, better budget execution, guarantees and risk sharing that can help them access 

private funds” (Rodriguez et al. 2012, p. 38). 

With regard to South Africa “capital investment in new water infrastructure and in the 

refurbishment of existing infrastructure is projected to require an estimated R670 billion 

over the next 10 years. Based on industry norms, additional investment of 

approximately R30 billion will be required for sustainable water management 

programmes. In total, an amount of R700 billion will be required to be invested by the 

water sector over the next 10 years, or an equivalent of R70 billion per year. While a 

portion of the required investment will be provided by the public sector, the private 

sector will have to contribute substantially. The public sector alone will not have 

sufficient funds to enable full value chain financial management in the sector” (DWA 

2012, p.84). 

2.5.5.1 Challenges of Financing in the Water Sector 

Simplified, there are three different sources of financing available in the water sector. 

These are (1) public (national, provincial, municipal) loans and grants, (2) DFI loans 

(from Development Financing Institutions), mostly national (USAID, JICA, KfW...), 

regional (EIB, ADB, AfDB, IDB...) or multilateral donor banks (such as the 

Worldbank) and (3) commercial and private loans. 

The sector-specific challenges of financing are: 

1) Few countries in the world have a budget sufficient to pay for all water 

infrastructure investments necessary under the SDG (Sustainable Development 

Goals, UNEP 2015). Therefore, public funds (loans, soft-loans and grants) have 

to be supplemented with other financing sources, including private investment. 

2) Funds from donor banks (soft-loans and grants), available for developing and 

transition countries, are usually based on sovereign state guarantee and 

disbursed exclusively to public entities. 

3) Private investors and banks have to calculate the specific risks of the water 

sector: The political environment generating uncertainties and risks for payback 

and the difficulty to manage (mitigate) such risks over long repay periods as 

being typical for investments in water infrastructure. 

4) All financing institutions prefer large project investments. Especially project 

finance needs a volume of, say, €30m or more to cover the expenses for the 

bank’s project development and administration, including the technical, 

commercial/financial and legal due diligence. 
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The financing mechanisms for the water sector should allow for small and medium size 

investments, such as for water loss reduction programs and for rural areas; incentives to 

drive appropriate O & M and avoid sunk investments, mal-functioning facilities; 

innovative solutions, like for water reuse, against micro-pollutants and others. 

2.5.5.2 Forfeiting to Finance Water Infrastructure Project Investments 

The basic idea of forfeiting is that the borrower “sells” future revenues from water 

tariffs to the financing bank. If the borrower is a private service contractor under a 

public private partnership (PPP) the employing public water management authority (in 

most countries a municipality or municipal association) would be involved as third 

party under the forfeiting finance contract (e.g. Hermann 2015). 

After the reunification of Germany in 1989, when money was scarce in public pockets, 

more than €2.5bn was financed through private investors under the forfeiting 

mechanism (Hermann 2015). This mechanism is presented in detail emphasising that 

forfeiting can include re-investments and operational cash flow, to cover the scheduled 

cash deficits in the first years until the break-even point under the PPP contract is 

reached. 

2.5.5.3 A Vision of Sustainable Water Finance 

The lack of incentives for sustainable operations and maintenance has often led to 

malfunctioning facilities and sunk investments (e.g. Rodriguez 2012; Hilbig & Rudolph 

2016; OECD 2009b; Rudolph et. al 2010). An example from South Africa is the case of 

a wastewater treatment plant in the Olifants basin, which did not function well. A 

professional study showed how to improve the current condition with affordable repairs 

and O & M improvements. Still, the political decision was to build a new plant next to 

the old one at much higher costs because public funding and non-transparent advantages 

of a new construction-contract were obviously stronger than cost-efficiency concerns. 

In this context, a “vision” for sustainable water finance was determined and discussed 

with experts from water industry, researchers and banks (Rudolph 2015; GWSP 2015). 

2.5.5.4 Hybrid Finance with a Forfeiting Component as Pragmatic 

Approach 

To implement innovative financing will take much time, since it requires changing 

principles from banks and bank regulators. 

The following pragmatic solution for hybrid finance has been decided by a city in 

Southern Africa: 

 Establish a “ring fenced” SPV (special purpose vehicle) under the municipality, 

which is acting like an autonomous enterprise with its own financial and 

technical responsibilities (tariff collection, expenses for construction works, 

repairs, operations, staff management, ...); 

 Tender the investment project, a wastewater treatment plant, under a DBO 

(design, build, operate) concept (because this allows for full competition and 

“open-technology-tender” incorporating construction and operational costs); 
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 Some of the total investment shall be financed under a forfeiting-mechanism, 

protected with a default guarantee from the city. 

Forfeiting may not be the biggest portion of hybrid financing in this case, but it is the 

strongest driver towards sustainable O & M and towards transparency in re-financing 

with tariffs, taxes and transfers (TTT). Council members and stakeholders shall make 

up their opinion and take their decision being aware of financial figures which clearly 

indicate the consequences of higher/lower tariff decisions on the amount to be 

compensated through the municipal budget. The discussion and working atmosphere is 

very different from those cities, which decide for lower water tariffs before election and 

are trapped to subsidise more (and/or accept degradation and devaluation of assets) after 

election. 
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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.  
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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) 
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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). 



- 213 - 

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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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. 



MOSA – Phase II Summary Report 

 

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 



- 233 - 

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 
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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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IEEM gGmbH, Witten 

The Institute of Environmental Engineering and Management at the Witten/Herdecke 

University is an autonomous, non-profit research institute. IEEM combines the 

academic fields of environmental engineering and economics into an applied scientific 

approach. Technology and economics are the foundations of the work of IEEM and a 

precondition to develop modern management concepts and organisational models, 

which are needed to design and realise both technical and institutional solutions, 

focused on efficiency for environmental protection and supply services. IEEM focuses 

on topics of water and sanitation, closely linked to applied environmental economics. 

IEEM has many years of experience in developing, coordinating and implementing 

international water projects in Europe, Asia, South America and Africa. 

3.1 MOSA Findings 

South Africa has ambitious water-related development goals, e.g. to “ensure that all 

South Africans have access to clean running water in their homes”, to “produce 

sufficient energy [...] while reducing carbon emissions” and to “realise a food trade 

surplus” (National Planning Commission 2012, p. 24). These goals are in line with the 

Sustainable Development Goals (UN 2015) or even surpass them. This small sample of 

goals named shows the inextricable linkages of water, energy and food – the water-

energy-food nexus (e.g. WWAP 2014, pp. 54-61) – and highlights the enormous 

challenges for South Africa and all other countries under similar social, environmental 

and economic conditions. 

The Olifants River catchment is one of South Africa’s most stressed catchments as far 

as water quantity and water quality is concerned. The applied research project MOSA 

– Integrated Water Resources Management in the ‘Middle Olifants’ river basin, South 

Africa, Phase II – has been funded by the German Federal Ministry of Education and 

Research (BMBF) to develop and demonstrate exemplary measures and tools to support 

integrated water resources management. 

The MOSA project has confirmed the observation that sustainable water management in 

the project region is rather a matter of practical implementation than of comprehensive 

concepts or legal conditions. The enabling framework “is in place to support IWRM” 

(Claassen 2013, p. 329), water institutional reforms have been implemented since the 

end of Apartheid in 1994 (e.g. Backeberg 2005) and South Africa “has established a 

highly ambitious body of water legislation [but] is now struggling with its 

implementation” (Herrfahrdt-Pähle 2010, p. 20). There is a strong need to transfer the 

concepts and legal provisions quickly into institutional structures and practical 
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application. To give an example: the establishment of the Olifants Catchment 

Management Agency according to the National Water Act (RSA 1998, Chapter 7) has 

been proposed in 2002 (DWA 2013, p. 22) and was finally gazetted in 2015 (DWS 

2015a). It will take additional time until the Olifants CMA is fully effective. 

As Claassen, Funke and Nienaber pointed out, the future of the South African Water 

sector – as well as the condition of the vulnerable water resources – depends on 

effective action towards sustainable development (Claassen et al. 2013). It is all about 

the combination of effectiveness and efficiency. The enabling framework to do the right 

things has been established, now it is time to do the things right, or (generalising 

Drucker (1963)) – to strive for the most sustainable results from the resources currently 

available. 

The MOSA applied research project addresses a wide range of water-related research 

questions that are relevant both for the South African project region and in general for 

the sustainable use of water resources in Africa and beyond. The project partners 

developed transferable IWRM tools and concepts and demonstrated practical 

intervention measures in close cooperation with several cooperation partners and 

stakeholders from administration, academia and industry. 

These solutions are in line with the goals of the BMBF funding priority (BMBF 2015) 

as well as urgent South African water research questions (Siebrits et al. 2014). The 

Mobile Monitoring Station and the Decision Support tools for example address 

“significant gaps [...] in monitoring and decision support” (Claassen 2013, p. 334) of 

South African water management. 

Vast areas in the Olifants project region are poorly serviced by laboratories (Balfour et 

al. 2011, p. 45) to monitor water quality and compliance to legal regulations. Mobile 

online water quality monitoring has many advantages compared to external laboratories 

far from the study area as shown in several monitoring campaigns during the project 

duration, especially with regard to credibility of results and integrity of samples (see 

Chapter 2.3 and Balfour et al. 2011, p. 39). After the end of the project, the Mobile 

Monitoring Station will still be available for further monitoring campaigns and training 

and demonstration activities in South Africa to give students and users practical 

experience in water quality monitoring. 

The Decision Support Tools, like the risk assessment tool (Chapter 2.1) and the 

hydrological model including water quality aspects (Chapter 2.2), support stakeholders 

in their decision making processes and allow for cost efficient handling of financial 

resources, as they are able to identify priority areas for further investigation and water 

management interventions. The risk assessment model developed by eE+E and the Disy 

data warehouse are used by DWS for tests and practical application since the end of 

2014. An expansion of the methodology to other regions would be a logical next step. 

The MIKE model developed by DHI under the MOSA project has also been handed 

over to the DWS for application. 

The effect of water policy reforms on water use efficiency and impacts of transaction 

costs on the success of water policy reforms and on water quality have been analysed by 

ZEF (Chapter 2.4). The results help to make comparisons between different policy 

alternatives, to evaluate existing policies and to increase sustainability and efficiency of 

water policy reforms. 
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One of the key focus areas of the MOSA project were technical water intervention 

measures, especially in the field of wastewater treatment. Operational concepts adapted 

to local conditions play a key role for efficient sewerage treatment and help to improve 

the water quality of the river system of the Olifants catchment. REMONDIS took 

inventory of the municipal WWTPs in the Middle Olifants catchment area. Based on 

this survey report, adapted refurbishment programmes and O&M guidelines have been 

applied in case studies, practical campaigns and training programmes (Chapter 2.6). 

A pioneering technology for these refurbishment measures is the HUBER VRM
®

 

membrane bioreactor, which has been demonstrated and tested in the project region 

(Chapter 2.7). When taking inventory of the 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. 

Linking the refurbishment measures with the risk assessment tool, the MOSA partners 

could show the positive effects of the water intervention measures. By reducing the 

discharge of untreated (or insufficiently treated) wastewater into the rivers the 

contamination potential of the WWTPs could be reduced significantly (see Chapter 2.1, 

Figure 2.1-32). 

Studies on the value chain for production and services showed mutual benefit of 

international cooperation for German and South African partners. IEEM also developed 

strategies for the empowerment of local actors and improvement of local ownership in 

the region. Furthermore, a sustainable water financing approach that addresses the lack 

of investment for the water sector has been conceptualised by IEEM (Rudolph 2015) 

and practical financial tools and investment schemes have been developed to 

complement and enhance the WWTP refurbishment concept (Chapter 2.5). 

The results of the MOSA work packages show applicable solutions for Integrated Water 

Resources Management both in the project region as well as in other regions and 

catchments in Southern Africa and beyond. It is in the nature of a research project to 

show and demonstrate concepts and pilot measures – the next necessary step would be 

implementation and upscaling by users and responsible institutions. 

In addition to the aforementioned implementation activities, further results have been 

achieved so far: 

 The modular MOSA IWRM concept has been transferred to the Lake Victoria 

basin. The model is used as a framework for the ongoing Lake Victoria Basin 

IWRM programme (Mwinjaka 2015). The programme funded by a consortium 

of international development banks started in 2016 with shortlisting of high 

priority investments and preparation of feasibility studies. 

 Moreover, MOSA recommendations and approaches had some influence on the 

tendered Integrated Water Quality Management Plan (IWQMP) for the Olifants 

River system, for instance the catchment situation assessment including 

investigation of potential pollution sources and possible trends or random 

mobile laboratory sampling as a part of the water quality monitoring programme 

requirements (DWS 2015b). 
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 Building on some of the MOSA findings and additional aspects, a research 

proposal has been developed in cooperation with South African partners (e.g. 

Kruger National Park and Lepelle Northern Water) for a management system for 

the Lower Olifants catchment. 

3.2 Water loss reduction as an example of efficient water 

management 

From an economic point of view, the MOSA project has shown that there is a strong 

need for action in the area of water efficiency and efficient management of the scarce 

resources (e.g. Rudolph 2013; Hilbig & Rudolph 2016) – both water resources and 

funds for investments. 

We will illustrate this shortly through a final calculation example. There is a huge 

potential for water loss reduction (WLR) in the project region, especially in municipal 

water supply systems (very high loss rates) as well as in agricultural water use 

(irrigation is the main water-use sector in the Olifants catchment). 

The achievement of a 25 % water loss reduction target in municipal supply systems 

would have a noticeable impact on the available water resources in the Middle Olifants 

region. Based on studies by Mckenzie et al. (2012) and the Department of Water and 

Sanitation (DWS 2014) and indicators of municipalities in the project region
1
, we 

assume a rate of 70 % non-revenue water which corresponds to about 50 % real losses. 

This is in line with the data available for Mpumalanga. Limpopo is the worst 

performing South African province in terms of water losses (DWS 2014, p. iii): for 

73 % of the municipalities in Limpopo there is no reliable non-revenue water or 

litres/capita/day data available (Mckenzie et al 2012) – a vast majority of municipalities 

in the Olifants region does not monitor their water losses and water consumption. 

Basing on these figures and estimates, we have come to the following conclusion: a 

25 % reduction of water losses in the municipal supply systems of the Middle Olifants 

region would reduce the physical losses to 37.5 % (still more than ten percentage points 

above national average physical losses) and results in savings of 4.7m m³/a based on 

urban/rural use in the MOSA region of 37.5m m³/a. These potential savings correspond 

to about 12.5 % of the total urban/rural respectively 45.5 % of the total 

industrial/mining water use in the Middle Olifants region (water use according to the 

MOSA WRM figures provided by DHI, see Chapter 2.2, Table 2.2-4). 

Water loss reduction measures in agriculture will have an even bigger effect, as 

agriculture is the main water user in the region. “With the agricultural water use sector 

being the largest of all water use sectors in South Africa, there have been increased 

expectations that the sector should increase efficiency and reduce consumption” 

(Reinders et al. 2011, p. 179). A calculation based on conveyancing system losses (does 

not include efficiency of field application methods) of the Loskop Irrigation scheme 

                                                 

1 DWS estimates B4 (mostly rural) municipalities’ NRW at 58 % (DWS 2014 a) in contrast to 72.5 % 
(Mckenzie et al 2012). “These results may well be optimistic given that they are based on those 
municipalities with data, which are likely to have better control over their water” (DWS 2014, p. iv). 
Indicators of municipalities in the project region which are providing data show that the NRW rates 
are at the same high level (e.g. Thembisile Hani Local Municipality spends 68.5 % of its bulk water 
budget for the audited fiscal year 2013/14 for water losses (THLM 2015)). 
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shows the potential for water loss reduction. Extrapolating the figures of the LIB 

(Loskop Irrigation Board, the largest scheme in the region and very well managed) and 

assuming 5 % water loss reduction for distribution of the total amount of water used by 

the agricultural sector in the MOSA region to reach the desired range of conveyancing 

system losses (Reinders et al 2010, p. 10) would result in savings of 8.3m m³/a which 

correspond to about 22 % of urban/rural respectively 80 % of industrial/mining use. 

In other words: successful WLR in municipal supply and agricultural conveyancing 

systems as just one single aspect of efficient water management would result in savings 

of up to 20 % of the average water deficit in the Middle Olifants region. 

3.3 Conclusion 

The findings of the MOSA project highlight the urgent need for efficient action. 

Broadly spoken, it is not a lack of institutions or a lack of water resources – there is a 

lack of efficient and sustainable water management. The general problems are known 

and the first measures have been taken. The implementation of sustainable IWRM 

measures is a necessary step towards an economic, social and environmental sustainable 

management of scarce water resources. The MOSA project showed exemplary measures 

and tools to support these efforts. 

 

Figure 3-1: The water-energy-food nexus: need for efficient and sustainable water resources 

management 

 (Irrigation system near Groblersdal, source: IEEM) 
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 ISBN 3-927 112-05-4 Febr. 1992 € 24,50  

Band 7 Technische und wirtschaftliche Optimierung der weitergehenden 

Abwasserreinigung am Beispiel einer Kläranlage mit 50 % 

Textilabwasseranteil  

 Ingenieurwissenschaftliche Dissertation von Dipl.-Ing. P. Geis  

 ISBN 3-927 112-06-2 Mai 1992 € 34,50 

  



 

IN DER SCHRIFTENREIHE 

"UMWELTTECHNIK UND UMWELTMANAGEMENT" 

SIND BISHER FOLGENDE BÄNDE ERSCHIENEN: 

 

Band 8 RegenwasserBEWIRTSCHAFTUNG statt Regenwasser-ENTSORGUNG 

- Vorträge zum Workshop am 26.08.1993 in Schönow -  

 Workshop anläßlich der Fertigstellung der Pilot- und Demonstrationsanlage 

Mulden-Rigolen-System Schönerlinde/Wiesenstraße, Schönow, Landkreis 

Bernau  

 mit Beiträgen von Angelika Stuke, Friedhelm Sieker, Frank Panning, Armin 

Stecker, Ralf Diekmann, Klaus Möller u.a.  

 ISBN 3-927112-07-0 Febr. 1994 € 34,50  

Band 9 Umweltprüflisten nach den Richtlinien der Europäischen Union 

- mit Checklisten für die Betriebspraxis -  

 mit einem Umweltmanagement-Konzept der Steilmann Gruppe, Bochum-

Wattenscheid von Prof. Dr. Wolf D. Hartmann, 

in Zusammenarbeit mit dem Klaus Steilmann-Institut (KSI), Bochum-

Wattenscheid  

 ISBN 3-927112-08-9  Febr. 1994 € 24,50  

Band 10 Volkswirtschaftliche Effekte privatwirtschaftlich organisierter öffentlicher 

Investitionen im Bereich der Abwasserentsorgung  

 Gutachten für den Verband privater Abwasserentsorger e.V. - VpA - 

von Prof. Dr. H. Karl und Prof. Dr. P. Klemmer  

 ISBN 3-927112-09-7 März 1994 € 24,50  

Band 11 Abwasserdesinfektion mit UV-Licht und Ozon unter Einbeziehung der 

vorgeschalteten Reinigungsstufen  

 Ingenieurwissenschaftliche Dissertation von Dipl.-Ing. Th. Nelle  

 ISBN 3-927112-10-0 Dez. 1994 € 34,50 

Band 12 Teilreinigung von Abwässern mit hohem Stickstoffgehalt durch Separation 

und biologische Behandlung mit schwimmenden Scheibentauchkörpern  

 Ingenieurwissenschaftliche Dissertation von Dipl.-Ing. Eckehard Büscher  

 ISBN 3-927112-11-9 Jan. 1995 € 34,50  

Band 13 Desinfektion von biologisch gereinigtem Abwasser mit UV-Licht und Ozon 

und ihre Nebenwirkungen  

 Naturwissenschaftliche Dissertation von Dipl.-Biologin Ch. Oberg  

 ISBN 3-927112-12-7 Juni 1995 € 34,50  

  



 

Band 14 Untersuchungen zur Entwicklung amperometrischer mediatormodifizierter 

Enzymsensoren zur Bestimmung von Nitrat und Nitrit  

 Ingenieurwissenschaftliche Dissertation von Dipl.-Ing. Beate Strehlitz  

 ISBN 3-927112-13-5 Aug. 1996 € 34,50  

Band 15 Die Bildung von Rückstellungen für Rekultivierung, Sanierung und 

Nachsorge bei oberirdischen Deponien nach Handels- und Steuerrecht  

 Wirtschaftswissenschaftliche Dissertation von Dipl.-Kfm. Ralf Ossendot  

 ISBN 3-927112-14-3 Okt. 1996 € 34,50  

Band 16 Das Ozon/Festbettkatalysator-Verfahren bei der Sickerwasserbehandlung  

- Überprüfung verschiedener Anwendungsfälle und Vergleich zu 

konkurrierenden Verfahren  

 Ingenieurwissenschaftliche Dissertation von Dipl.-Ing. Joachim Korbach  

 ISBN 3-927112-15-1 März 1997 € 34,50  

Band 17 Recyling von Verkaufsverpackungen: Das Duale System Deutschland im 

internationalen Systemvergleich und daraus resultierende 

Gestaltungsmodifikationen  

 Wirtschaftswissenschaftliche Dissertation von Dip.-Wirtsch. -Phys. Carl-

Peter de Bakker  

 ISBN 3-927112-16-X Juni 1997 € 34,50 

Band 18 Mulden-Rinnen-Systeme 

Entwicklung und Optimierung eines naturnahen und kostengünstigen 

Regenwasserbewirtschaftungsverfahrens für Siedlungsgebiete  

 Inaugural-Dissertation zur Erlangung des Doktorgrades der 

Naturwissenschaftlichen Fakultät der Universität Witten/Herdecke von Udo 

Sämann  

 ISBN 3-927112-17-8 Sept. 1997 € 24,50  

Band 19 Leistungssteigerung der dezentralen Abwasserreinigung durch Optimierung 

der Biologie in Abwasserteichen  

 - Vorträge zum Workshop am 11. und 12. 03.1997 in Witten -  

 ISBN 3-927112-18-6 Aug. 1997 € 24,50  

Band 20 Wissenschaftliche Untersuchung zur Qualität des Trinkwassers an den 

Verkaufsstandorten der Spinnrad GmbH  

 Wissenschaftliche Untersuchungen zur Qualität von Leitungswasser als 

Lebensmittel 

Im Auftrag der Spinnrad GmbH  

 ISBN 3-927112-19-4 April 1999 € 24,50  

  



 

Band 21 Zur ökologischen Produktbewertung in der Textil- und Bekleidungsindustrie 

– theoretische Grundlagen und praktische Umsetzung  

 Inaugural-Dissertation zur Erlangung des Doktorgrades für Ingenieur-

wissenschaften an der Fakultät für Umweltwissenschaften der 

UniversitätWitten/Herdecke vorgelegt von Karen Schmidt 

 ISBN 3-927112-20-8 Feb. 1999 € 34,50  

Band 22 Technik- und Innovationsbewertung für die Textil- und Bekleidungsindustrie 

untersucht am Beispiel "Wearables"  

 Inaugural-Dissertation zur Erlangung des Doktorgrades für Ingenieur-

wissenschaften an der Fakultät für Umweltwissenschaften der Universität 

Witten/Herdecke vorgelegt von Astrid Ullsperger  

 ISBN 3-927112-21-6 Feb. 1999 € 34,50 

Band 23 Absorptive und biochemische Abbauprozesse in einem Biofilter am Beispiel 

der Prozessabluft der Laserstrahlbearbeitung organischer Werkstoffe  

 Inaugural-Dissertation zur Erlangung des Doktorgrades für 

Ingenieurwissenschaf-ten an der Fakultät Umweltwissenschaften der 

Universität Witten/Herdecke vorgelegt von Dipl.-Ing. Franz-Josef Zimmer 

 ISBN 3-934898-22-X März 2000 € 24,50  

Band 24 Chancen und Grenzen des Projektmanagements bei Vorhaben der 

öffentlichen Hand - dargestellt am Beispiel der Gemeinschaftskläranlage 

Wittenberg-Piesteritz  

 Inaugural-Dissertation zur Erlangung des Grades eines Doktors für 

Ingenieurwissenschaften an der Naturwissenschaftlichen Fakultät der 

Universität Witten/Herdecke, vorgelegt von Dipl.-Ing. Wolfhardt V. 

Schroedter 

 ISBN 3-934898-23-8 Juli 2000 € 24,50  

Band 25 Untersuchungen zur Aufbereitung und Verwertung von Shredderleicht-

fraktion aus der Behandlung von Altkarossen in Shredderanlagen  

 Inaugural-Dissertation zur Erlangung des Doktorgrades der Ingenieur-

wissenschaften der Naturwissenschaftlichen Fakultät der Universität 

Witten/Herdecke, vorgelegt von Dipl.-Chem. Torsten Paßvoß 

 ISBN 3-934898-24-6 Mai 2001 € 24,50  

Band 26 Definition und exemplarische Anwendung von Kennzahlen zur Beschreibung 

und Optimierung des Klärwerkbetriebes  

 Inaugural-Dissertation zur Erlangung des Doktorgrades der Ingenieur-

wissenschaften der Naturwissenschaftlichen Fakultät der Universität 

Witten/Herdecke, vorgelegt von Dipl.-Ing. Carsten Haneke 

 ISBN 3-934898-29-7 Dezember 2001 € 30,00  



 

Band 27 Untersuchung und Bewertung der technischen und wirtschaftlichen Treiber 

für die Entwicklung im Wasser- und Abwassersektor unter besonderer 

Berücksichtigung der Entflechtung von Querverbundsunternehmen  

 Inaugural-Dissertation zur Erlangung des Grades eines Doktors der 

Ingenieurwissenschaften an der Fakultät für Biowissenschaften der 

Universität Witten/Herdecke, vorgelegt von Dipl.-Ing. Dirk Waider 

 ISBN 3-934898-30-0 Mai 2007 € 30,00 

Band 28 Implications of European Water Sector Experiences for Innovative PSP 

Concepts - The Franchising Approach and its Prospective Application to Peru  

 Diplomarbeit an der Wirtschaftsuniversität Wien und dem Institut für 

Umwelttechnik und Management an der Universität Witten/Herdecke 

gGmbH, vorgelegt von Herrn Jörg Gmeinbauer 

 ISBN 978-3-934898-31-8 Dezember 2007 € 30,00 

Band 29 Franchising im Wassersektor Ableitung und Beschreibung eines alternativen 

Geschäftsmodells für Dienstleistungen der Wasserver- und 

Abwasserentsorgung  

 Inauguraldissertation zur Erlangung des Grades eines Doktors der 

Wirtschaftswissenschaft der Private Universität Witten/Herdecke gGmbH im 

Bereich der Wirtschaftswissenschaft, vorgelegt von Herrn Dipl.-Vw. Michael 

Harbach  

 ISBN 978-3-95404-014-8 Februar 2012 € 30,00 

Band 30 UV-Irradiation to Reduce Pathogenic Risks from Different Wastewaters for 

Irrigation  

 Inauguraldissertation zur Erlangung des Grades eines Doktors der 

Naturwissenschaften der Private Universität Witten/Herdecke gGmbH an der 

Fakultät für Gesundheit, vorgelegt von Frau Dipl.-Biologin Rim Soud aus 

Damaskus (Syrien)  

 ISBN 978-3-00-040769-7 Februar 2013 € 30,00  

Band 31 Allokation von Wasserressourcen durch Integration ökonomischer Aspekte 

im IWRM am Beispiel des Einzugsgebietes "Mittlerer Olifants", Südafrika  

 Inauguraldissertation zur Erlangung des Grades eines Doktors der 

Ingenieurwissenschaften der Ruhr-Universität Bochum Fakultät für Bau- und 

Umweltingenieurwissenschaften, vorgelegt von Herrn Dipl.-Ingenieur 

Markus Bombeck 

 ISSN 2367-4202 Februar 2013 € 30,00 

  



 

Band 32 Anwendung und Potenziale von Abwasserteichsystemen im internationalen 

Kontext  

 Inauguraldissertation zur Erlangung des akademischen Grades Doktor der 

Ingenieurwissenschaften (Dr.-Ing.), Fachbereich Bauingenieurwesen und 

Geodäsie der Technischen Universität Darmstadt vorgelegt von Herrn Dipl.-

Ing. Tim Fuhrmann 

 ISBN 978-3-00-045434-9 März 2014 € 30,00 

Band 33 Finanzierung von Unternehmen im Wassersektor: 

Eine Analyse des Finanzierungsinstrumentes PPP-Forfaitierung in 

Deutschland und daraus resultierende Implikationen für Projekte in 

Schwellen- und Entwicklungsländern 

 Inauguraldissertation zur Erlangung des Grades eines Doktors der 

Wirtschaftswissenschaften der privaten Universität Witten/Herdecke gGmbH 

im Bereich Wirtschaftswissenschaften, vorgelegt von Max Ferdinand 

Hermann 

 ISBN 978-3-00-050093-0 Juli 2015 € 30,00 


