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PREFACE
This thesis report is written in partial fulfilment of the requirements of MSc. Environmental Sciences
programme at Wageningen UR (University and Research Centre). In 2010, I did an internship with a
Dutch regional water authority, which involved the operation and testing of an algae pilot plant for
municipal wastewater treatment under Dutch climatic conditions. During the internship, my
supervisors constantly told me that for over a decade, the same technology had been tested in
South Africa. If implemented in some parts of Africa, the technology would be more appropriate
with a potential to make a difference ecologically, socially, economically and in other aspects. But
how and when did the technology end up in Africa, is it being accepted, will it play a role? To me, a
road had been travelled since the technology came to South Africa. I decided to analyse that journey
and hence this thesis.
All stages of the thesis project were not easy. However, with so many individuals around me who
were willing to sacrifice their time and knowledge, it became possible. I would like to thank Bas van
Vliet for his supervision during my thesis work and the preceding internship. A large number of
people assisted me generously and in numerous ways both in the Netherlands and in South Africa.
These include Frans Horjus of DHV, George Zoutberg of HHNK, EBRU staff and Jonathan Timm of
Mvula Trust. I would like to say to all of them, thank you. Further, my deep thanks and appreciation
goes to the Netherlands Fellowship Programme (NFP) for affording me an opportunity to study in
the Netherlands.
Above all, I return all the glory to God.
Svongwa Nemadire,
Wageningen,
August 2011.
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SUMMARY
Conventional municipal wastewater treatment technologies have been described as not sustainable.
Although numerous alternatives are available, algae used within Integrated Algae Ponding System
(IAPS, also referred to as golden ponds) have the potential to offer a more financially affordable,
socially and environmentally responsible option for wastewater treatment in some developing
countries in Africa. However, although IAPS have been in existence for a long time now, they have
not been widely accepted in those countries.

Strategic Niche Management (SNM) emerged from the observation that faced with a dominant
regime; many innovations with potentially improved environmental characteristics fail to become
commercially successful. According to SNM, it is therefore essential to create protected spaces
termed technological niches in which actors can experiment with the technologies and rules that are
different from those of the dominant regime. After learning about the technology and its societal
embedding, protection can then be lowered, allowing the technological niche to develop into a
market niche.

In South Africa, a road was travelled in an attempt to introduce IAPS in that country. This study
analysed this road from the perspective of SNM. Main actors along the road were identified.
Empirical findings from interviews, document analysis and site visits were used to create a storyline
detailing what happened between 1992 and 2011 in terms of actors’ visions and expectations,
networking and learning. Certain aspects influencing this road at the landscape and niche levels of
the broader Multi-Level Perspective were analysed. The road as it was travelled was compared with
a situation where SNM had been implemented ideally. From this, shortcomings were identified and
recommendations for improvement made. The potential of IAPS in South Africa was also evaluated.
The road to “golden ponds” was divided into 4 periods. In the first period, from 1992 till 1996, IAPS
were transferred from the United States of America (USA) to South Africa. Subsequently, they were
operated at Rhodes University (RU) with funding from the Water Research Commission (WRC) of
South Africa. They failed to meet some of the local effluent discharge regulations. In the second
period from 2008 till 2010, the WRC and RU involved Amathole District (AD) Municipality for a
possible acceptance of IAPS on one of its sites. AD Municipality rejected the proposal, opting for a
conventional Activated Sludge system. In the third period which ran from 2006 till 2010, RU secured
some funds from the United Nations Environmental Programme (UNEP) to construct IAPS for the
benefit of Marselle community in Ndhlambe Municipality. Before the project could begin, it was
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abandoned due to serious conflicts between stakeholders. The fourth and last period involved DHV,
a private engineering company which entered the road in 2006. Together with RU, DHV sourced
some funds to construct an IAPS for Makana Municipality in 2011.
On the basis of the case study, conclusions and recommendations were made in relation to
protection. Motivated by the then prevailing sustainability discourse, the South African national
government had provided financial protection and steered research via RU and the WRC in the first
period. This study argues that there is need for institutional, cultural and political protection of the
IAPS in South Africa which was not adequate in the subsequent phases. These factors contributed to
the rejection of IAPS in the second period.
In relation to the internal niche processes and the MLP, conclusions and recommendations were also
made. The community can benefit directly from by-products of wastewater treatment using IAPS.
This was a major source of RU and other stakeholders’ great expectations of IAPS as they steered
experiments during the first three periods. However, during those periods, social embedding of IAPS
was not tested. The network in the second period was wider than the one in the first period, and
included a Non-Governmental Organisation which had high expectations that the community would
benefit from IAPS. However due to a combination of factors, among them vested interests, lack of
institutional protection, and misaligned visions and expectations, IAPS were rejected. In the third
period, indirect social experiments were attempted but the results were devastating. As a result, in
the fourth period the network was narrow partly because of the lesson learnt. First, including the
community had been problematic and second, it was due to the dictates of the source of funding.
The narrow network included outsiders and was being influenced by IAPS experiments that had
been done abroad. The demand of the by-products of wastewater treatment with IAPS in South
Africa is not known, yet this has remained a high expectation in relation to this technology. This
study’s recommendation is that when new experiments are started in with IAPS in South Africa, then
social learning, in relation to the by-products should be emphasised from the onset to ensure that in
future there is a ideal composition of the network (in terms of the SNM theory) and an alignment of
visions and expectations among stakeholders.
In terms of visions and expectations, this case study confirmed finding of previous SNM findings.
However, the notion that a network can affect the direction of niche development is not supported
in this case where the opposite was shown to be true.
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ABBREVIATIONS
AD

Amathole District

AIWPS

Advanced Integrated Wastewater Ponding System

COD

Chemical Oxygen Demand

CTA

Constructive Technological Assessment

DWAF

Department of Water Affairs and Forestry

EBG

Environmental Biotechnology Group

EBRU

Environmental Biotechnology Research Unit

EU

European Union

HHNK

Hoogheemraadschap Hollands Noorderkwartier

HRAP

High Rate Algal Pond

IAPS

Integrated Algae Ponding System

I-HRAP

Independent High Rate Algal Pond

LTS

Large Technical System

MLP

Multi Level Perspective

NGO

Non-Governmental Organisation

OECD

The Organisation for Economic Cooperation and Development

PCT

Pollution Control Technologies

SNM

Strategic Niche Management

SSI

Steward Scott International

STOWA

Stichting Toegepast Onderzoek Waterbeheer (Dutch acronym for the Foundation for
Applied Water Research)

TA

Technology Assessment

UNEP

United Nations Environmental Programme

USA

United States of America

WRC

Water Research Commission

WSP

Waste Stabilisation Pond

Page | v

NOTATION


In this study, algae based wastewater treatment technologies refer to two types of
wastewater treatment systems, which are High Rate Algal Ponds (HRAPs) and IAPS
(Integrated Algae Ponding System). These systems are the ones available for municipal algae
based wastewater treatment. They both can be incorporated in secondary treatment stages
of wastewater treatment process. The two systems are elaborated upon in chapter 3.



A wide range of terms have been used over the years by different authors to describe
various configurations of ponding systems used in wastewater treatment and in algal
biotechnology applications. The term IAPS is used in this report. The term Advanced
Integrated Wastewater Ponding System (AIWPS) refers to a specific trade-marked process
application design, trademarked by its developers in 2005.

There is a wide range of

applications using similar technology. The IAPS (Integrated Algae Ponding System), as it was
built and tested by the Environmental Biotechnology Research Unit (EBRU) at the Rhodes
University in Grahamstown has remained within the public domain.



The terms algae or micro-algae are used for convenience in the more traditional sense
broadly covering both the eukaryotic algae as well as the cyanobacteria.



The classification of a country as “developing’’ is used throughout the text. This term is also
used synonymously with “non-industrialised country”. Generally, the term developing
country means a nation with low material well-being. It is important to note that depending
on the author and classification, South Africa is sometimes classified as a “newly
industrialized” country whilst in some cases, for example as in the CIA, it is classified as an
“advanced developing” country [9]. However, for the purposes of this study, a “developing
county” refers to a country listed under the list of ‘’emerging and developing economies’’ in
the International Monetary Fund World Economic Outlook Report, April 2010 [10]. In this list,
South Africa is included together with many other African countries.
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CHAPTER 1
1.1

INTRODUCTION

The problem

Some developing countries in Africa have a warm climate and large expanses of non-arable land yet
for municipal wastewater treatment; they have copied traditional technologies from European and
Western countries. When used in these developing countries, these technologies (which mainly
consist of the Activated Sludge process and its variants) are sometimes not sustainable as they are
expensive to build, operate and maintain. As a result, a large number of people in these countries
lack some basic access to sanitation [1].
It was in 1949, whilst working at the University of California in Berkeley in the United States of
America (USA) that Oswald began to study the role of microalgae in sewage ponds. By 1957, Oswald
had developed the High Rate Pond which would integrate wastewater treatment with the recovery
of nutrients and algal biomass [2]. In 1967, the first full scale Integrated Algae Ponding System (IAPS)
was built at St Helena, California in the USA, and is still operating today [2-4] . During that time,
Oswald argued that this technology would gain relevance not only in the twenty first century but
also in developing countries [5].

Although algae based technologies for wastewater treatment have been in existence for a long time,
they have not been widely accepted in developing countries in Africa [6]. Algae for wastewater
treatment have a potential to offer a more financially affordable, more socially responsible, and
more environmentally benign option for wastewater treatment in developing countries. These
countries often possess adequate sunlight, non-arable land, inadequate skilled manpower,
inadequate financial resources, and sometimes huge ecological, institutional, political and cultural
challenges [4, 7].

In was only in February 1996, when a pilot project was commissioned at the Rhodes University in
South Africa to experiment with High Rate Algal Ponds (HRAPs) and with Integrated Algae Ponding
Systems (IAPS), two ways in which algae can be used for municipal wastewater treatment. Some
fourteen years later after the experiments had been going on, it was said:

“Despite the progress already made, (with the pilot projects at Rhodes University) it is still
difficult to convince local authorities in South Africa of the major benefits of the IAPS relative
to traditional wastewater treatment methods.” [6].
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Relative to traditional wastewater treatment methods, if implemented in South Africa, IAPS were
believed to offer more advantages in light of sustainability. However, after more than a decade of
experimenting with this technology, local authorities in that country there were not easily accepting
this technology for their wastewater treatment.

1.2

Experimental introduction of new technologies

It has been known that many innovations with potentially improved environmental characteristics
fail to become commercially successful. As an example, although the car industry experimented with
a number of options such as battery powered vehicles, it did not achieve any huge commercial
success [8]. Strategic Niche Management (SNM) authors argue that the difficulties that are often
associated with an attempt to successfully introduce and with the widespread acceptance of new
technologies can emanate from a variety of factors. For example, from early SNM literature, by
analysing the transport sector, Kemp et al (1998) noted that examples of some of these factors were
technological factors, government and regulatory framework, cultural and psychological factors,
demand factors, production factors and undesirable social and environmental effects [9]. SNM can
be a useful tool in transition management which can provide insights into the role of experiments in
the experimental introduction of new technologies. Whilst stakeholders can use SNM to design new
trajectories, SNM can also act as lens for recognising flaws in the process itself.

1.3

A possible solution?

Having realised that the local authorities who are mandated with municipal wastewater treatment in
South Africa were not easily accepting this “new and more sustainable technology”, DHV, a private
engineering company proposed a definition to the problem and then a possible solution;

“…Especially lack of experience is a big stumbling block. Therefore DHV, its South African
subsidiary SSI (Steward Scott International), and the Rhodes University in South Africa are
looking for a location for a demonstration project. It is expected that by mid-2011
construction of the first full-scale installation will begin” [6].

The problem here was that municipalities in South Africa were not accepting IAPS, despite its known
benefits relative to the traditional wastewater treatment technologies that they were currently
using. For DHV, the solution lay in the construction of a plant that would be a reference point for
municipalities wanting to adopt the technology. As a result, DHV looked for some funding from the
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Dutch Government’s “Partners for Water” program. A grant was awarded and together with the
Rhodes University, DHV and its sister company in South Africa, SSI will in 2011 build a
demonstration plant for Makana Municipality near Grahamstown in South Africa to treat municipal
wastewater using algae [10].

1.4

This study, analysing “a road”

The problem of non-acceptance of IAPS by local authorities in South Africa could be more than the
mere lack of reference as declared by DHV. This study acknowledges that in 1996, IAPS technology
was transferred from the USA to South Africa. This resulted in experiments that were conducted at
the Rhodes University. Further, in 2011, a private engineering company, DHV will build a
demonstration IAPS plant for Makana Municipality in South Africa, hoping to improve the
acceptance of this technology by other local authorities in South Africa. In this study the events that
happened in South Africa between 1996 and 2011 are referred to as “a road”. For the purposes of
this study, the road started in 1996 and ended in 2011.

The road was travelled by a number of actors. What these actors were doing is analysed from the
perspective of SNM. From 1992 till 2006, actors travelled along the road, conducting experiments
with IAPS in South Africa. These experiments can be seen as a form of SNM, “protected experiments
where social actors experiment with new technologies to gain experience with them and to draw
lessons for a broader implementation of these technologies” [11].

In this study, the reason why this road was travelled from 1992 till 2011 was to attempt to shift from
having municipalities in South Africa merely treating municipal wastewater to the required
standards using traditional technologies (such as the Activated Sludge process), to a situation where
IAPS are used to utilise municipal wastewater to generate money and other benefits. At the end of
the road, IAPS would then be referred to as ‘’golden ponds’’.
1.4.1

Objective and research questions

In order to introduce a relatively more sustainable municipal wastewater treatment that uses algae
in South Africa, a road has been travelled. This road was travelled since the pilot project were
commissioned at Rhodes University in 1996 up until now when the same pilots are going to be up
scaled at Makana Municipality in order to treat wastewater of 2,500 population equivalents [10].
Various stakeholders with various and sometimes unknown interests were involved in this initiative,
which may or may not challenge the status quo. This study seeks to analyse the same road within a
SNM framework.
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1.4.1.1 Objective
Between 1996 and 2011, steps were taken by various stakeholders to introduce relatively more
sustainable wastewater treatment practices that are based on the use of algae in South Africa. The
objective of this research project is to generate knowledge that can contribute to the understanding
of these steps. To do this, the steps are analysed from a perspective of the SNM framework. The
generated knowledge can contribute to the improvement of the steps taken so far. In the process, a
critical appreciation of the existing knowledge in the field of SNM is shown.
This study has some societal relevance. By answering the research questions, it can contribute to the
understanding of the process so far and hence to the development of this technology in South Africa.
The effort to introduce municipal algae-based wastewater treatment in South Africa has been going
on for more than a decade now since experiments were commissioned at Rhodes till the current upscaling project at Makana Municipality. When these efforts are analysed from a SNM framework,
knowledge can be generated which can help improve the process. The same knowledge can be used
by stakeholders who may want to implement the same technology in other African countries. When
SNM is used to generate policy advice, it does not necessarily result in clear cut recipes, but can help
identify certain policy dilemmas which if taken into account can help improve the process [12].
1.4.1.2 Research questions
The research questions addressed in this study are formulated into three central questions.
Theoretical questions
This first stage of this study provides an understanding of the theories established to study the
experimental introduction of technologies by studying literature.
The first central question is as follows:
1. From the criteria for prescribing or assessing the experimental introduction of new sustainable
technologies, which aspects can be used to analyse the road travelled in South Africa from
1992 to 2011?
a. What theoretical concepts are relevant to analyse the experimental introduction of new
sustainable technology?
b. What criteria can be derived from these theoretical concepts in order to analyse the
attempts so far to introduce algae based wastewater treatment technology in South
Africa?
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Empirical questions
The second stage of this study gathers data on the object of this study within the criteria defined in
question 1 above. The second central question in this study then is as follows:
2. How are the steps taken to introduce algae-based wastewater treatment technologies in
South Africa assessed in view of the set assessment criteria?
a. What steps were taken from setting up algae wastewater treatment experiments to the
current demonstration project in South Africa?
b. Which stakeholders1 were involved so far?
c. Which stakeholders were necessary but were not involved in the steps so far? This is
from the point of view of the researcher emanating from literature study and the
viewpoint of the interviewees.
d. What kind of resources are at the disposal of the stakeholders?
e. What are the interests of the stakeholders?
f.

What are the current and future vision and strategy of the stakeholders involved in the
process?

g. Were there any changes in the vision of the stakeholders, what kind of change and what
exactly contributed to that change?
h. What was the focus of the experiments?
Analytical Questions
The third stage of this study analyses the gathered data and compares the results of the analysis in
view of the theoretical framework. The third central question is formulated as follows:
3. What do we learn from the comparison of the analysis of the road taken so far to introduce
algae-based wastewater treatment technologies in South Africa with the assessment criteria in
order to make recommendations that can help improve the process?
a. Are the expectations of the stakeholders in line?
b. What kind of lessons was learnt from the experiments? What triggered learning? How were
the lessons used? How were they communicated?
c. What kind of protection was available and has not been available? What changes are
possible in the view of the researcher, literature study and the interviewees?

1

See Section 1.5.2.1 for definition
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d. Which regimes have an influence on the attempt to use algae for wastewater treatment?
What is the effect of the influence?

1.5

Methodology

1.5.1

Research design - Case study

In this study, the research questions were addressed by conducting a single case study analysis. “A
case study is a type of research during which the researcher tries to gain a profound insight into one
or several objects or processes that are restricted in time and space” [13]. This method was chosen
mainly because studying a transition in socio-techno systems is very complex as socio techno
systems are characterised by various elements which work together to provide some type of societal
function. As this research sought to apply the concepts of SNM and Multi-Level Perspective (MLP)
within a practical, contemporary context, an in depth holistic understanding of the situation was
required, which can only be achieved through a case study.
1.5.1.1 Case Selection
I carefully selected the case study by virtue of my placement at a Dutch regional water authority,
Hoogheemraadschap Hollands Noorderkwartier (HHNK) in Alkmaar. During the internship period
from the 1st of July to the 29th of October in 2010, I was operating an algae pilot plant and helping
with experiments to test municipal wastewater effluent polishing with algae under Dutch climatic
conditions. The overall project was commissioned by STOWA (Stichting Toegepast Onderzoek
Waterbeheer)2 and involved other Dutch regional water authorities and consultancy companies,
among them DHV. I received some technical support from DHV’s Marco Kersholt and Frans Horjus
and also from HHNK’s George Zoutberg. Marco, Frans and George constantly told me about the
experiments in South Africa and the possibility of scaling up the pilot plant there.
1.5.1.2 Boundaries
This study focused on the events that happened between 1992 and 2011 in South Africa. In this
study the events that happened between 1996 and 2011 are referred to as a “road”. In these events,
actors were introducing IAPS to South Africa from the USA. For the purposes of this study, the road
started in 1992 and ended in 2011.

As this road was travelled by many actors, the activities of these actors and some events were
analysed from the perspective of SNM. However, although in South Africa this road started in 1996,

2

Dutch acronym for the Foundation for Applied Water Research
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the activities of the actors as they travelled along this road was also influenced largely by other
events which happened in between 1957 and 1992 inside and outside of South Africa. In 1956
Oswald developed the IAPS in the USA and in 1996 the technology was transferred to South Africa.
This study also takes into account selected narratives and events that happened between 1957 and
1992 which later on influenced or affected the activities of the actors in South Africa between 1992
and 2011 but from a broader perspective.
1.5.2

Data collection

“A characteristic of a case study is its focus on depth. Depth is realised using various labour intensive
methods for generating data such as the labour intensive interviews consisting of open interviews”
[13]. However, case studies as a research strategy is sometimes considered to be open to the
researcher’s subjective interpretation, especially if the boundaries of the research are not strictly
defined or known [14]. The researcher therefore builds evidence, using a number of sources, in what
is known as triangulation of sources [13].
For this study, three methods were used for data collection. The data for this case study were taken
from (i) in-depth interviews, conducted face – to face and also over Skype (ii) documents and
literature, and (iii) from presentations / site visits. Together, this data was analysed to develop a
storyline in which key niche developments were characterised and significant factors affecting these
developments were identified and analysed. These methods are elaborated below. Before that, I
first analyse how the stakeholders deemed relevant for the study were identified.
1.5.2.1 Stakeholders identification
A stakeholder is defined as “any individuals or groups who affect the project, or are affected by it,
or exhibit an interest in it” [15]. In the context of this study, ‘’the project’’ is synonymous to the road
travelled so far in an attempt to introduce algae based wastewater treatment technologies in South
Africa. In the context of the overall agenda of Sustainable Development, there has been a strong
reiteration of more inclusive decision making [15].
Four key distinct techniques for the identification of stakeholders have been identified from the
literature. These are the use of a asking a set of questions, a generic list, using snowballing technique
and stakeholder mapping [15]. This study used “asking a set of questions” to identify relevant
stakeholders. After that, through snowballing, further respondents were identified.
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Table 1. Identifying relevant stakeholders by asking questions [15]
Questions
1

Who is responsible for the project and its different components or aspects?

2

To whom are statutory responsibilities owed?

3

Who affects the project by determining the context?

4

Who are the intended users or beneficiaries of the project?

5

Who can negatively affect the success of the project through their opposition / non-cooperation?

6

Who have unique knowledge related to any aspect of the project?

7

Who run(s), or belong(s) to organisations with relevant interests?

1.5.2.2 Snowballing
Once these stakeholders were identified, their opinion regarding who they perceive as being other
relevant stakeholders in the project was elicited during interviews. This is called snowballing.
Although snowballing is a relatively inexpensive and effective way of identifying the stakeholders it
may lead to bias if there are significant differences between those groups who are known within
established social circles and those who are not [15].
1.5.2.3 Interviews
The stakeholders which were identified to be important in this study acted as either informants or
presenters and are listed in Appendix 2. A presenter would take the researcher on a tour, for
example a tour of the pilot plants, at the same time giving information.
In-depth interviews with experts and stakeholders were conducted as a source of evidence and were
an important source of data for this study. The interviews were open ended discussions which
sought to develop a storyline from the perspective of a SNM framework. The sampling method of
the interviewees was purposeful. Interviewees are selected to represent key categories in the
stakeholder network (Appendices 1 and 2). Further, selection was based on the willingness of the
interviewee to participate. Interviews provided a unique, up to date perspective that was not found
in published literature or documents and allowed for a more understanding of the current situation
from those directly involved on the ground. A major drawback of interviews, however, is that the
information can be biased or selective [13]. Further, other potential interviewees flatly refused to
divulge information which in their own opinion was sensitive.
I prepared all interviews with open questions or themes that I wanted to discuss or wanted the
respondents’ opinions about. All face to face or Skype interviews were recorded. Afterwards, I drew
up interview reports and I analysed the text. The interviewed people are listed in Appendix two.
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1.5.2.4 Documents and literature
Documents are addressed to a specific public. Sometimes they are not even intended for external
use at all. This is different from literature, which contains information on a specific discipline.
Literature is reflective on certain data or theories [13].
During this research, information was drawn from the following documents and literature:


Policy documents at national level in South Africa, and at corporate and institutional level



Reports generated by research institutions, consultancy firms etc.



Research proposals



Articles in scientific journals



Articles in popular journals, newspapers and magazines



Proceedings of conferences



Minutes of meetings



Letters and electronic mails between stakeholders



Internet sites of research institutions, stakeholders and other interested parties



Audio-visual material produced by stakeholders (such as PowerPoint slides)

1.5.3.4 Site visits and Presentations
From the 1st of July to the 29th of October in 2010, I completed an internship at the regional water
authority HHNK in Alkmaar, the Netherlands. During the internship, I operated and tested a High
Rate Algal Pond (HRAP) for effluent polishing under Dutch climatic conditions. I received some
supervision from the DHV and HHNK. Although the internship did not contribute directly to data

collection related to this thesis project, I was able to get a more accurate impression of the
HRAP technology, which also made it easier for me to understand aspects of the IAPS.
Further, I visited the pilot plant that ran in Grahamstown South Africa. I also visited the site of the
scaling up project in Makana Municipality although there was nothing much to see there. During the
visits, I was guided by Dave Render and Richard Laubscher of the Environmental Biotechnology
Research Unit (EBRU) at the Rhodes University in South Africa (Appendix two).
1.5.3

Data analysis

As the interviews were recorded on tape, I later on listened to all the interviews. I decided to make
full manuscripts of the interviews. From the scripts, I took out information that looked relevant in
answering the research questions. Some sentences written this way would be used as quotes. The
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results of the interviews and of the collected documents were critically analysed keeping in mind the
research objective and the research questions.
In order to answer the research questions i.e. the success of the transitions to algae based municipal
wastewater treatment, developments were analysed according to the internal niche processes
which are described in the chapter two, which is about the theoretical framework. These are
expectations, new social networks, and learning.
The extent of protection provided and lacking was also analysed. Further, the current hype in algae
is an influence of multiple regimes. This study analysed whether these influence is to the benefit or
to the detriment of the internal niche process. Further, events perceived to be influencing the road
from the broader Multi-Level Perspective (MLP) were described and analysed. All the analysis were
made from the interviews, documents and also from the site visits.

1.6

Thesis outline

In chapter two, the theoretical framework used in this research project is presented; SNM and some
elements of the MLP. I first discuss the emergence of SNM from Evolutionary Economics and
Constructive Technology Assessment. Second, I discuss the internal and the external niche processes
and the MLP. Based on the discussions, I formulate a research procedure for the road to algal ponds
in South Africa, from 1992 to 2011.
In chapter three, more detailed background information on the use of algae for municipal
wastewater treatment is given. Two technologies are discussed in detail, an independent HRAP and
IAPS. Further, I evaluate the applicability of these technologies in developing countries in Africa. I
also present some prevalent arguments against such a possible and successful application.
The empirical part of the report starts in chapter four. Chapters four, five, six and seven provide the
results of an analysis of the road to golden ponds in South Africa. In each of these chapters, first I
narrate the steps that were taken by stakeholders. Second, characteristics of internal niche
processes are picked in these steps. Where elements of the MLP had an influence, they are also
analysed. The road travelled in South Africa was divided into 4 periods.
Chapter four described and analysed the first period which involved the commissioning and
operation of IAPS at the Rhodes University in South Africa. Chapter 5 described and analysed the
second period. In this period an attempt was made for Amathole District (AD) Municipality in South
Africa to become the first municipality in that country to adopt a full scale IAPS for municipal
wastewater treatment. Concurrently the third period was happening. In chapter six, Rhodes
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University applied for some funding from the United Nations Environment Programme (UNEP) to
build an IAPS for Dhlambe Municipality in South Africa. The project flopped dismally before kicking
off. In chapter seven, a private engineering company, DHV entered the road and sourced some funds
from the Dutch Government to build a demonstration plant for Makana Municipality.
Chapter 8 is the last chapter of this thesis. It brings together the insights from the empirical chapters
in order to answer the research questions. The value of the SNM for this research project is
evaluated in the discussion. Recommendations are made that can improve the road to golden ponds
as travelled so far in South Africa.
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CHAPTER 2
THEORETICAL FRAMEWORK - STRATEGIC NICHE
MANAGEMENT AND THE MULTI-LEVEL PERSPECTIVE
It has been nearly one and half decades since the pilot experiments at the Environmental
Biotechnology Research Unit (EBRU) at the Rhodes University till the current intentions to build a
demonstration plant to treat municipal wastewater using algae based technologies at Makana
Municipality in South Africa. To investigate the steps taken so far in order to introduce algae based
technologies for municipal wastewater treatment in South Africa, this study used the SNM approach.
The introduction of sustainable technologies is not an easy feat. The SNM approach has been used
by various researchers to investigate the experimental introduction of sustainable technologies. It is
part of research efforts that focus on the role of societal experiments such as pilot plants and
demonstration plants in technology introduction [8, 9, 16, 17].
The road from pilot experiments up to the up scaling project of algae based technologies in South
Africa can be seen as forms of SNM, “protected experiments where social actors experiment with
new technologies in order to gain experience with them and to draw lessons for broader
implementation of these technologies” [11]. In this section of the report, I introduce some of the
main concepts of SNM. I feel that in order to understand SNM and the choice for this theory, it is
important to have an idea of where it stands in the history of theories on technology development
and the relationship of technology with society.

2.1

Theoretical background of SNM research

SNM was built upon insights from Evolutionary Theories on technological change and on
Constructive Technology Assessment (CTA). Evolutionary theories aim to understand and explain the
process of technological change, while CTA aims to provide insights into managing ( or controlling)
the same [18]. SNM can be used for both aims, as an analytical framework or as a prescriptive policy
tool. This study used SNM in hindsight, as an analytical tool. Below, first I mention briefly how
evolutionary economics contributed to SNM, second I give a brief background to CTA, and then third,
I discuss SNM as a tool for analysing technological change. Last, I discuss the relevance of SNM to
this study and then the research procedure for this study.
2.1.1

Evolutionary economics and technological change

When evolutionary theorists built upon the Darwinian concepts of variation and selection in order
for them to understand economic growth, technology became relevant because it would affect a
company’s profitability [18, 19]. This ex-post selection of technologies as put forward by economists

Page | 12

meant that there was a random variation and selection of new technology through the principle of
survival of the fittest.
The economist Schumpeter was the first to mention evolutionary aspects in economic processes and
technological change [18]. Later, a series of articles by Richard R. Nelson and Sidney G. Winter in the
mid- I970S [19-22] culminated into a highly acclaimed book, An Evolutionary Theory of Technical
Change [23]. Nelson and Winter put forward a model with two fundamental mechanisms namely the
search for better techniques and the selection of successful innovations by the market [24].
In the book, An Evolutionary Theory of Technical Change, Nelson and Winter coined the concept of
Technological Regime, a concept that is used in SNM. In evolutionary theories, technological change
occurs along certain trajectories or paths [23]. Taking sanitation as an example, from the 19th
century industrial revolution, many European and Western countries established reliable
environmental infrastructure by installing Large Technical Systems (LTS) [25].
A LTS normally consist of a dominant technology, implemented on a large scale through a central
and hierarchical organisation. Apart from the large physical network, social actors, rules and
resources that structure its operation as well as the cultural values that are associated with them are
important [11]. When a problem arises within an LTS, and it cannot be solved by incremental change,
then the problem becomes a radical one, which can only be solved by a new and a completely
different system [11] . Radically different technologies are normally not considered and they
encounter severe social and technological barriers [11] for several reasons. Actors may expect that
viability will be too limited to legitimise large investments [18] and in other cases large investment
(sunk costs) would have been made [11]. As a result, most technological variation is incremental in
nature – its aim is to optimise the established technology or system [18].
It was due to some of these reasons that evolutionary theories introduced several concepts for
understanding and investigating the structured nature of technological development. In SNM, the
concept of Technological Regime is used, as originally introduced by Nelson and Winter [23]. The
same concept helps to understand why most technical change is incremental rather than radical [18].
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Regimes: “…the rule set…embedded in a complex of engineering practices, production process
technologies, product characteristics, skills and procedures, ways of handling relevant artefacts
and persons, ways of defining problems; all of them embedded in institutions and
infrastructures’ [26].
Further suggestions have been that regimes can be characterized along seven dimensions:
technology; user practices and application domains; symbolic meanings of technology;
infrastructures; industry structure; policy; and knowledge” [27, 28] .

The Technological Regime concept was refined to distinguish three interlinked elements which
would provide a basis for analysis, namely (a) a network of actors and social groups, (b) rules that
guide the activities of actors and (c) material and technical elements as artefacts and infrastructure
[29]. These elements are believed to account for the stability of existing sociotechnical systems.
2.1.2

Constructive Technology Assessment (CTA)

CTA was developed to explore methods for steering technological development rather than for
understanding and explaining it. In the discussion that follow, it will be seen that SNM is an
elaboration of CTA one among several forms of Technology Assessment (TA).
Social constructivism was developed in the 1970s as a different approach in the sociological and
historical study of science. Frontally opposing technological determinism, this view on technological
science and technological development would show that which technology is in place at any given
moment is largely a manifestation of social power relations and cultural beliefs. It had been seen
that for those technological developments that actually occurred, there often existed potentially
feasible alternatives that in principle could also have been chosen, but for one reason or another,
was not chosen. The reasons were generally sought in the interests of social choice and interests.
Economically and politically powerful groups would determine which road to take and which one to
leave in technological development [30].

Considering that which technology is chosen is an outcome of political and economic interests of
certain powerful societal groups it became clear that the norm of democratic control of technology
was necessary. Other segments of the society had to be consulted. However, consulting other
societal players only in the final stages of the development and marketing of new technologies,
especially when they then would tend to reject the technology would result in an unpleasant
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situation. It seemed a more pro-active approach was being called for. This was the idea behind
Constructive Technology Assessment3 (CTA) [30].

Technology assessment (TA) emerged in the 1970s and 1980s in different countries, including the
USA, the Netherlands, Germany and Denmark [18]. The aim of this old styled TA aim was to forecast
at an early stage the possible negative ecological and social effects of new technologies in order to
be able to warn officials in time. At that time, concern was growing among several social groups
about technological development, particularly technologies with potentially large political, ethical or
environmental concerns such as nuclear power and DNA technologies [18]. The final outcome was
an interactive process [30]. While early TA methods mainly focused on predicting the impact of
technologies [30], later methods such as CTA (developed most intensively in the Netherlands)
emphasised more on integrating the insights from the assessment into the design process [18].

Considering CTA, Raven (2005) distinguishes three issues which are important when developing new
technologies. First, the inclusion of all interested actor groups at the initial stage of the design
process. Examples of these actor groups are technology actors who invest in technological
development programmes, societal actors such as users who are familiar with the effects of the
technology; regulating actors who develops rules and meta-actors, such as ‘platforms’ which
facilitate the interactions among different actor groups [31]. Secondly, the process of technological
development should incorporate societal learning and anticipation of future concerns. Learning
should be done on aspects such as designs, user demands, regulations, societal acceptance as well as
underlying values and beliefs [31, 32]. Third, the whole process should be reflexive [18]. With
reflexivity, society is no longer treated as a ‘’black box’’ [33], however actors do realise that
technological design and social design are a single and unified process [18].
When done in practice both TA in general and CTA in particular have some shortcomings. Reflexivity
is often a difficult thing to do and hence the inclusion of all actors at the initial stages of design.
Further, although insights into the possible impacts of a technology may be generated, it often does
not result in the adjustment of the process design. Also, it is not always easy to integrate the
concerns of all societal actors into the design process [18]. In order to go round some of these
shortcomings, SNM was suggested as an alternative approach [32].

3

A. Rip, T. Misa and J. Schot (eds.), Managing Technology in Society: The Approach of Constructive Technology
Assessment, London/New York (Pinter), 1995
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2.2

Strategic Niche Management (SNM)

The concept of niches has been introduced as an attempt to create a new socio-technical regime. In
SNM, the concept of niches is expanded. Experiments such as pilot plants are investigated as a way
of creating niches. The SNM approach is a management tool to address the lack of broader diffusion
of promising technologies. Technically SNM is defined as follows:
“The creation, development and controlled break-down of test-beds (experiments,
demonstration projects) for promising new technologies and concepts with the aim of
learning about the desirability (for example in terms of sustainable development) and
enhancing the rate of diffusion of the new technology” [34] .
The concept of SNM has been used for various and sometimes related purposes. SNM has been
used as an analytical tool to understand the process of technological change and also as a
prescriptive tool to influence the desired direction of technological change. For example, the
framework has been improved through various analysis of historic case studies in battery powered
vehicles [9], organic food [35], and biogas plants [18]. In other studies, the concept was used to give
advice to policy makers or other technology developers [9, 34]. In this study, the concept of SNM is
used for the latter use.
2.2.1

Experiments and protection in niches

Experiments are critical in the creation of niches. Niches do not pre-exist. However, they come into
being because of social action. Experiments therefore become the main vehicle for niche creation.
SNM terminology defines experiments as ‘‘unique socio-technical laboratories for learning about the
problems, shortcomings and barriers a new technology faces’’ [36]. Experiments are not commercial
projects, but are usually the only way technology developers can learn from users and find out the
required modification that can result in the technology becoming viable. Through experimentation
and learning from a series of niche projects, the best can be selected for mainstream applications[8] .
Hoogma (2000) distinguished four types of experiments that may play a role in the creation of niches.
These are explorative experiments, pilot experiments, demonstration experiments, and replication
or dissemination experiments [36]. Experiments at all levels are important for creating niches. They
provide a platform for actors (technology actors such as firms and research institutes, societal actors
such as users and environmental groups, and regulating actors such as public authorities to interact
at the design stage [18]. Second, experiments are often protected from some of the rules that make
up the stable socio-technical regime. Raven (2010) notes that often the protection is
multidimensional as shown in Table 2 below. In research in which SNM is used as an analytical tool,
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experiments are therefore often used as a unit of analysis for investigating the development of
niches.
Table 2. The Multi- dimensional protection of niches [37]

Forms of protection
Economic

Shielding
Temporary price support
measures to create a levelplaying field
Temporary rule exemptions
e.g. certain land use planning
requirements

Nurturing
Provide
financial
resources such as public
grants for investment
Development
of
supporting norms and
standards

Socio cognitive

Articulating promising
claims and expectations

Training schemes and
best practice publications

Cultural

Statements that link
prevailing social values of
dedicated social group
such as environmentalists
to the niche-innovation
Physical limitations to extent
of incumbent systems and
infrastructures (e.g. mountain
ranges)

Art such as images,
movies and books that
positively portrait the
niche innovation

Statements
that
link
technologies to political goals

Explicit mentioning
niche innovations
white papers

Institutional

Geographic

Political

2.2.2

Articulating fit with local
(socioeconomic) problem
agendas

of
in

Empowerment
Taxing
incumbent
products
to
reflect
external costs
Institutionalising
new
norms and standards in
mainstream policies such
as grid connection rules
Establishment
of
dedicated
research
bodies
or
industry
platforms
Niche-innovation
becomes part of societal
identity

Changing
physical
landscapes
and
infrastructures
to
improve fit with niche
innovation
Cross-party commitment
to the niche as a
desirable component in
various political visions
for the future

Three internal niche processes

Early SNM research focused mainly on the niche internal processes whilst later SNM research gave a
more detailed analysis of the interaction between niches and the wider environment. In early SNM
work, the idea was that the selective exposure of a new technology through the process of SNM
would finally lead to the replacement of the dominant technology [12]. This would happen through
the interaction between what has been labelled ‘three internal niche processes’ [18]. The three
processes are discussed below.
2.2.2.1

Voicing and shaping expectations

Firms, users, policymakers, entrepreneurs and other relevant actors participate in projects on the
basis of expectations. Voicing and shaping expectations is important to attract attention, resources
and new actors, particularly in the early development of the project. Expectations also give focus on
the learning and serve to authenticate the protection [18].
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The process whereby expectations guide the design choices follows a “promise requirement cycle”
as in Van Lente (1993). Following the advent of a technological opportunity, those developing it
voice and shape promises about its future performance in order to attract some funding from
promoters. If these promises are considered, they are turned into a shared expectation or agenda
for emerging field. The expectation is then translated into goals, specifications, requirements and
task divisions, and projects are then developed. The promoters avails resources (money, machinery
etc.) for the projects, creating protected spaces where research and development takes place. At the
end of the project, results are assessed and new promises are made [38].

Expectations are considered good if, they are shared by a number of actors, are specific and not too
general, and are of higher quality i.e. the expectations are proven by current projects [12]. Brown
and Michael (2003) gives further information on the role of expectations [39]
2.2.2.2

Network formation

The second process is the building of social networks. Network formation is important to facilitate
some interaction between relevant stakeholders resulting in the availability of the necessary
resources such as money, people and expertise [12]. Building social networks is considered good
when (a) the network is broad (including firms, users, policy makers, scientists, and other relevant
actors). The involvement of relative outsiders is considered important for second order learning [12]
(b) when alignment within the network is facilitated through regular interactions between the actors
[18].
2.2.2.3 Learning processes
A good learning process is the third process identified in SNM and is widely recognised as crucial for
successful innovation. Learning enables the adjustment of the technology and / or societal
embedding of the technology so as to increase the chances of successful diffusion of the technology
[12].
When learning about an experimental introduction of a technology, Hoogma et al. (2002)
distinguished areas on which actors can focus on when learning. First, stakeholders should learn
about the technical and design aspects of the new technology as well as any necessary
complementary technology and infrastructure which can be required to make the technology work
well. Second, learning should be for market and user preferences, discovering any cultural or
symbolic meaning that users may attach to the technology and any barriers that may be
encountered in using it. Learning is also supposed to take place on possible societal and
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environmental impacts of the technology such as safety, energy and environmental impacts.
Learning should also be done about industry and production networks to find out what production
and maintenance network are required to widen the dissemination of the technology. Last but not
least stakeholders should also learn about regulations and government policy. This entails learning
about institutional structures and legislation, the role of the government in the introduction process,
and possible intervention by the government that can encourage adoption [18].
The learning process would contribute more in the niche development if it is not only first order
learning (i.e. the accumulation of data and facts) but is also second order learning [12]. Second-order
learning refers to learning about underlying norms and assumptions and is about challenging these
norms and or changing the rules [18]. Van de Kerkhop and Wieczorek (2005) treat the subject of
learning with more depth [40].
2.2.2.4

Interaction between the three processes

In early work, the interaction between the three internal niche processes alone formed the centre
within SNM for understanding either the success or failure of sustainable technology introduction.
However, recent SNM work has shown that the three internal niche processes are not the only ones
important. For example, Raven (2005) took also into consideration the dynamics in the sociotechnical regime to try and understand success or failure.
2.2.3

Niche regime interactions and the Multi-Level Perspective

Previous SNM focused much on the three internal niche processes. It was assumed that as long as
these three processes occurred as suggested, either the regime would change or a market niche
would result. Later, a broader contextual view of the role of niches in technical change was
developed through a number of research projects and publications [26-28, 41, 42]. The work
resulted in a multilevel perspective which comprise of three analytical levels as first formulated by
Rip and Kemp (1998).
2.2.3.1 The three analytical levels of Multi-level Perspective
As shown in Figure 1 below, niches form the micro level. They are the breeding places of radical
innovations. In the meso-level is the socio technical regime. The socio-technical regime has been
discussed already in Section 2.1.1 above as an extension of the Nelson and Winter (1982)
technological regime. In the macro level is the technical landscape. The technical landscape is an
exogenous environment which is not influenced directly by the niche and regime actors. It consists
of such factors as macroeconomics, deep cultural patterns and macro political developments. The
landscape changes very slowly, with changes taking up to decades to occur [12].
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Figure 1. Multi-Level Perspectives on transitions adapted from Geels 2002 [12]

The central idea behind the Multilevel Perspective (MLP) is that a transition comes about when
there is interaction between processes at different levels, for example (a) niche innovations build up
internal momentum (b) changes at the landscape level create pressure on the regime, (c)
destabilisation of the regime creates a window of opportunity for niche innovations. Therefore,
instead of a regime shift coming through the bottom up process of niche expansion as suggested by
early SNM literature, the emphasis is now on the alignment of processes at multiple levels [12].
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2.3

Implications for this research

2.3.1

SNM for incremental technology?

Contrary to what earlier SNM work would suggest, niche innovation does not necessarily compete
with and dislodge the prevailing regime [12]. For example in Raven (2006) innovations started from
within the existing regime to solve certain problems. Learning resulted in reconfiguration of the
existing regime. Algae based wastewater treatment technologies were not developed to replace
ponds. They are however an improvement to pond based methods for wastewater treatment.

Niches can play different roles. They can grow and become a new regime eventually replacing the
old one whilst on the other hand they can also be incorporated into the existing regime. Therefore
there have been attempts to classify different types of niches and transition pathways [12].
Examples of different transition pathways are (i) transformation, in which the regime yields to
outside pressure of social groups resulting in the adjustments of its rules (ii) technological
substitution in which newcomers develop novelties, which compete with regime technologies and
displaces it (iii) reconfiguration in which regime actors adopt component-innovations, developed by
new suppliers and (iv) de-alignment and re-alignment which involves completely new niche actors
competing for attention and eventually one novelty winning and leading to the restabilisation of the
regime [43]. In this study, technically, IAPS can be an improvement to existing Waste Stabilisation
Ponds (WSP). That way they can lead to the reconfiguration of the WSP technology. On the other
hand, from a more overall viewpoint, implementing IAPS holistically can lead to the transformation
of the conventional wastewater regime. This is because, if for example, the algae biomass becomes
important, it can result in the adjustment of current wastewater regime rules such as the role of
wastewater treatment plants. This is important in this study especially considering that algae based
wastewater treatment technologies were developed to fit into the existing wastewater regime and
the innovations are not radical.
2.3.2

Adapting SNM for this study

I have given a brief introduction of some of the main concepts used in SNM. SNM can be used to
describe and analyse the experimental introduction of algae based technologies for wastewater
treatment in South Africa. SNM offers an appropriate theory for analysing the intended

introduction of algae for wastewater treatment in South Africa for two reasons. First, it offers a
framework to analyse the steps taken from since the pilot project at Rhodes University till now.
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Second, because SNM is concerned with understanding failure and success of sustainable
innovations, it is possible to use it to judge the steps taken so far. The judgement can be
translated into a number of lessons and guidelines that can help improve the process so far.
This is done first on the basis of the traditional SNM, which are the internal 3 processes as
described in section 2.2.2 above. In order to find ways of nurturing sustainable innovation journeys
and transitions, SNM was developed. Internal niche processes are useful when the outcome of
experiments is evaluated ex-post. That way, SNM research has generated much policy advice
normally aimed at improving the processes of network development, learning and visioning by
incorporating reflexivity. The purpose has not been to generate clear-cut recipes, but to help identify
a number of dilemmas [12]. An analysis of the interaction between these three processes and

their characteristics as described above in the introduction of algae based technology will help
describe how the road had been travelled so far, and to identify possible areas of improvement

Second, this study will use some concepts of the MLP which was introduced in section 2.2.3.1. It
emphasised that technological development and the emergence of new innovations is not the
outcome of processes at a single level, but the result of linkages between dynamics on different
levels. In line with this model, this research will look at selected events that happened at the level of
landscape and niches and had an influence on the road to golden ponds in South Africa. Further, the
influence of various other regimes on municipal wastewater treatment with algae was analysed.
Raven found that niche developments may be influenced by multiple regimes [18, 44, 45]. This
influence can be beneficial when a niche innovation becomes linked as solution to multiple regimes,
but it can also create new problems and uncertainties about regulations, definitions, technical
linkages, and responsibilities [12]. This becomes imperative when analysing algae based wastewater
treatment strategies. The treatment of wastewater is one among possible multiple uses for algae.
The current algae hype is emanating from the notion that algae can be useful for various reasons,
notably in the agriculture and food sector and also in the biofuels industry. This study will
recommend on the possible role of multiple regimes on the internal niche processes. For example,
algae biomass has been tipped to be an important aspect in the development of biofuels.
Wastewater treatment was shown to be the only viable way to produce algae biomass for the
conversion into biomass with a smaller environmental footprint compared to commercial algal
production [46-49]. Besides biofuels, algae biomass has also been investigated for animal feed
supplements or for food and valuable biochemical [50]. During the treatment of wastewater, algae
can be used as a sink for carbon dioxide emanating from for example power plants thereby
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ameliorating the impact of greenhouse gases [51, 52] . If there is no money recovered from algal
biomass, it has been argued that there is no point of using algae to treat wastewater [4].

In Table 3 below is a summary of how the concepts and ideas from SNM framework are to be used in
this case study. The first part uses the traditional SNM concepts (i.e. the three internal niche
processes) whilst the second factors in some elements of the MLP.
Table 3. SNM concepts and ideas used in this study

Internal niche processes
Traditionally an ex post evaluation of experiments using the internal niche processes generated a lot
of advice. By picking some characteristics of the internal niche process in the road travelled, these will
be compared against SNN implemented ideally. The comparison can help improve the road as
travelled so far. The internal niche processes are as follows:


Voicing and shaping expectations



Network formation



Learning processes

Elements of the Multi-Level Perspective (MLP)
In the broader MLP a transition comes about when there is interaction between processes at different
levels. This study will identify the influence on the road of certain events that happened at the
landscape and at the niche level. Further, it will look into the effect of other regimes on the road.
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CHAPTER 3
BACKGROUND ON THE USE OF ALGAE FOR
MUNICIPAL WASTEWATER TREATMENT
This chapter introduces the criticism that the current urban wastewater management practices have
received in light of sustainability. Urban water management includes the abstraction, treatment,
storage, transmission and distribution of water to users and then the collection and processing of
the resulting wastewater [53]. For wastewater treatment, although a number of options are
available, algae based technologies can offer a more sustainable alternative to the traditional
practices both in industrialized and in developing countries.

3.1

Problems with conventional methods

Since the 19th century, many European and other Western countries established urban
environmental infrastructure by installing large centralised systems [54]. Although today it is being
challenged, the conventional way of managing urban water and wastewater has served many
industrialised countries well [55] .Traditional wastewater treatment approaches are typically publicly
owned centralized systems which collect and treat large volumes of wastewater for the whole and
normally large community by making use of a network of large pipes, trenches and manholes for
access [56, 57]. Conventional systems are described for example, in Metcalf and Eddy, 1991 [58].
Historically, the invention of such closed conduits (sewage) laid under the ground to a centralised
waste treatment plant at the outskirts of people’s residences was done purposefully. Man was not
supposed to have direct contact with his own excreta, which contained pathogens that could cause
disease. Therefore, faeces and urine had to be transported away from people in order to be treated
elsewhere [59]. However, compared to earlier systems, these systems were more dependable and
hygienic.

Since its development, the implementation of traditional sewer and wastewater treatment plants
has not only been a source of income for many environmental engineers but has also solved acute
pollution problems efficiently [46, 59]. Regrettably this is not to say that the traditional water and
wastewater options are without any problems or challenges. Recently, these systems have received
sharp criticism for creating vexing problems. First, it is not only expensive to build but the cost of
operation and maintenance of the drainage system and the sewage treatment plants is very high
[46]. Second, a large amount of water is normally required to flush a small amount of human excreta.
This can be a problem in areas where water is scarce due to such factors as climatic conditions or
overpopulation [46]. Third, the system takes potentially valuable substances and mixes them with all
sort of substances [59]. By using drinking water to mix these contaminants and to transport them,
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substantial dilution of the resulting wastewater makes it more difficult to treat [60]. The resulting
domestic wastewater is composed of human body wastes (faeces and urine), the water used for
flushing toilets, and sullage, which is the wastewater resulting from personal washing, laundry, food
preparation and the cleaning of kitchen utensils [4]. In most cases, from this mixture of valuable and
invaluable substances, retrieval (even of water of “reasonable” quality) is not even the emphasis
since the main purpose of wastewater treatment becomes the conversion and destruction of
materials by for example “biodegradation and conversion into inert compounds such as carbon
dioxide and nitrogen gas” [60].
Further, in other rare cases, after anaerobic treatment of wastewater to produce biogas, sludge can
be dewatered and used as fertilizer on farms. Today, this use, has also been criticized because of the
health hazards associated with handling sludge and also because the sludge may introduce
substances such heavy metals and endocrine disruptors into the soil [59, 61]. In other cases, even
after advanced treatment, the traditional system of urban wastewater management has raised
nutrient levels in the sea [62]. Last but not least, due to the hiddenness of the system, the traditional
approach provides a little sense of the responsibility for the water cycle and for the fate of pollutants
to the user [46].

3.2

Sustainability in wastewater treatment

The World Commission on Environment and Development (WCED) defines sustainable development
as, “development that meets the needs of the present generation without compromising the ability
of future generations to meet their own needs” [63]. This concept has been interpreted differently
by different people. For wastewater treatment, the literature of sustainability assessments of
wastewater treatment systems lists the following indicators as imperative (i) organic matter from
which energy should be recovered (ii) recovery of nutrients (iii) affordability to construct and
maintain (iv) land area [64].

By taking some of these aspects into account some authors have concluded that although the
traditional urban water supply and sanitation system has its advantages, it does not meet basic
sustainability benchmarks [60]. During the past years this has prompted the proposal of various
methods of source separation in households and decentralized wastewater treatment and reuse. It
is important to note that these proposals are meant to avoid a centralized sewage completely [65].
However, conventional municipal wastewater collection and treatment systems are still prevalent in
industrialised countries where they are hard to change mainly because of the enormous investment
made, path dependency and also because various societal actors generally approve of them [11].
Page | 25

3.2.1

The challenge in developing countries

Developing countries are not spared either. Sales engineers who sell these conventional systems are
highly skilled in their job [4] ensuring that even developing countries who find it expensive to
provide, operate and maintain these systems are still using them to this day [56].

In other instances, various attempts to copy the conventional, expensive and inefficient urban water
cycle as implemented in “western” countries, has resulted in more serious problems in developing
countries [7]. Developing countries often lack the knowledge, resources or political stability to
undertake new or expensive projects. Sometimes, money is not enough for infrastructural
development [5]. Because of persistent problems such as poverty, lack of adequate material and
human resources, specific ecological, institutional, political and cultural challenges, urban authorities
in developing countries have been less successful in implementing large infrastructural systems
when compared to OECD 4 countries [7]. As for wastewater treatment, ignorance of low-cost
wastewater treatment processes that are available and of the benefits that may arise out of
wastewater treatment has left a small proportion of wastewater produced in sewered parts of
developing countries treated [4]. Further, climate has played a role. In industrialized countries, low
cost treatment technologies such as ponds are considered substandard when compared to such
processes as activated sludge or trickling filters. This is because the later processes were developed
in industrialized countries with cool climates. Over the years, these countries invested a lot of time
and money in research and development on these processes [66]. Unfortunately, sometimes
developing countries just adopt these technologies without considering their local conditions such as
climate, political structures, national priorities, socio-economic conditions, cultural traits, and
financial resources [56].

A large proportion of the population in developing regions is therefore left without safe water
supply and sanitation services [53]. Today conventional urban wastewater practices are found even
in remote and small communities of developing countries, even in countries where they find it
expensive to provide, operate and maintain these systems [56]. Even when these conventional
treatment plants fail to fulfill the sustainability criteria, alternative systems being offered for
sustainable water management are still expensive enough for developing countries not to afford
them [59]. As a result, in many areas of developing countries, basic sanitation systems are often very
poor or even entirely absent [4].

4

The Organisation for Economic Cooperation and Development
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3.2.2

Algae, a possible sustainable option

In recent years a great deal of attention has focused on the treatment of waste-water using algae, as
a possible sustainable option. The use of algae for improving water quality is not a new concept.
Apart from treating wastewater, there are certain incentives for growing algae. Algae can be used
for wastewater treatment from both a centralized or decentralized approach. Besides, whilst as early
as 1993, Edwards [67], had shown how wastewater aquaculture can be done in highly decentralized
village basis , the use of algae at huge centralized plants is also possible [68].

The first descriptions of the use of algae for wastewater treatment was reported by Oswald and
Gotaas in 1957 [2]. Over the coming years, the importance of algae for wastewater treatment
emanated from the following issues, for which they are an advantage over conventional wastewater
treatment: the system is cost effective, has a low energy requirement, reduced sludge formation,
greenhouse gas emission reduction and the production of useful algal biomass [69].
3.2.3

Algae for biomass or for wastewater treatment?

It is important to note that algae biomass has been tipped to be an important aspect in the
development of biofuels. A question that arises then is, for which importance should algae be
considered – biomass or wastewater treatment? Recent research has shown that a niche
opportunity will exist if the algal biomass is grown “as a by-product of wastewater treatment”.
Wastewater treatment was shown to be the only viable way to produce algae biomass for the
conversion into biomass with a smaller environmental footprint compared to commercial algal
production [46-49].
Besides biofuels, algae biomass has also been investigated for animal feed supplements or for food
and valuable biochemical [50]. During the treatment of wastewater, algae can be used as a sink for
carbon dioxide emanating from for example power plants thereby ameliorating the impact of
greenhouse gases [51, 52]. If there is no money recovered from algal biomass, there is no point of
using algae to treat wastewater [4]. Therefore, the treatment of wastewater using algae should
always be done simultaneously with getting value out of the algae biomass. Whilst the treatment of
wastewater can be a central part of these uses, algae for wastewater treatment has unfortunately
not been used widely. Oswald who is credited with developing the HRAP himself proposed that that
once these ponds are built for hygienic wastewater treatment and for water recovery, other options
such as food, fertilizer, and energy production will become obvious and would be slowly accepted
[5].
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3.3

Municipal wastewater treatment using algae

Given that algae can be a sustainable municipal wastewater treatment option; this section gives
more detail about how algae in an open reactor can be used for that purpose. It also outlines the
advantages of algae pond based technology over conventional wastewater treatment strategies
such as the activated sludge process.
3.3.1

Algae

The term algae can refer to microalgae, cyanobacteria which is sometimes referred to as blue-green
algae, and microalgae which can also be referred to as seaweed [70]. Microalgae are microscopic
organisms which grow in water using the same process of photosynthesis that is used by higher
plants. However, unlike higher plants, algae do not require a vascular system for internal transport.
Every cell is photoautotrophic, which means that it can directly absorb dissolved nutrients [71].
Compared to algae, higher plants are inefficient in capturing light as they can convert only less than
0.5% of the solar energy received into biomass. Microalgae can double their biomass in average
times that range from between 2 and 5 days, without the need for the application of pesticides,
herbicides or fungicides [71].
3.3.2

A brief history

It was in 1949, whilst working at the University of California in Berkeley in the USA that Oswald
began to study the role of microalgae in sewage ponds [2, 3]. In 1957, Oswald developed the High
Rate Pond which would integrate wastewater treatment together with the recovery of nutrients and
algal biomass [2]. Since then, various laboratory and pilot studies of this process have been done.
Several treatment plants using various algal systems have been constructed. The first full scale IAPS,
which incorporated an advanced facultative pond, was built in 1967 at St Helena, California, and is
still operating today [4].

To date, these two types of wastewater treatment systems HRAPs and Integrated Algae Ponding
System5 (IAPS) are the ones available for algae based wastewater treatment. They both can be
incorporated in secondary treatment stages of wastewater treatment [69].
3.3.3

A High Rate Algal Pond (HRAP)

Oswald (1988) provides a detailed review of HRAPs [47]. As shown in Figure 2 below, a HRAP has a
bigger length to width ratio and is constructed to a “raceway track” configuration, that is, circular
5

See Notation on the terms AIWPS or IAPS
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channels with provisions for mixing the microalgae [47, 72]. It normally receives settled water [4]
which is mixed by a paddle wheel whose purpose is to prevent algae from settling [72]. The influent
is added downstream of the paddlewheel near the base of the pond, whilst the outlet is located at
the surface on the other side. This ensures that the influent wastewater should make at least one
circulation around the pond before it is discharged. However, this type of circulation can be a
disadvantage because influent can quickly move around the pond and back, passing near the outlet
thereby facilitating short circuiting [73]. HRAPs normally operate at shorter hydraulic retention of
around a week or less [4].

Figure 2. A schematic diagram of a High Rate Algal Pond (HRAP) [74]

3.3.3.1 Operation
Paddlewheel mixing
Mixing using an electrically driven paddle wheel is a basic part of the design of HRAPs. The gentle
circulation of wastewater around the baffled pond at approximately 0,15ms-1 ensures that the algae
remain suspended and makes the best use of incident light and receives a good supply of nutrients
[4, 74].

The other advantages of mixing are as follows (i) It prevents thermal stratification (ii) It outgasses
ammonia, aiding in nitrogen removal (iii) It enhances absorption of CO2 from the air to the water (iv)
It “preconditions the culture so that they agglomerate and settle readily when they are removed
from the mixing field’’ [75].
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Depth
Depth is an important variable in ponds. Deep ponds suffer from self-shading light limitation of
algae, whereas very shallow ponds have thermal instability due to temperature fluctuations. The
two main factors affecting pond performance are solar radiation and water temperature. In tropical
regions, where “insolation” and water temperature are fairly constant throughout the year, HRAPs
may be operated with constant depth and residence time. In cold climates, pond depth can be
varied in winter when the algal concentration is lower, and therefore light penetration deeper, and
the depth can be made shallower in summer when both algal concentration and light attenuation
are higher [72].
Discharge
High Rate Ponds normally discharge continuously; however, better overall treatment may be
achieved by only discharging only during daytime, or through batch operation [73] .
3.3.4

Integrated Algae Ponding System6 (IAPS)

HRAPs are not usually stand-alone reactors but are integrated into a series of ponds called Advanced
Integrated Wastewater Ponding Systems (AIWPS) or Integrated Algae Ponding System (IAPS)7 [72].
AIWPS was developed by Oswald in California as a successor to HRAP [4].The following terms are
used: advanced, “they are advancement over conventional waste ponds”, integrated, “the system
involves a number of well-known unit processes brought together in optimal sequence” ponding,
“the units of the system are mainly earthwork reservoirs of various configurations” systems “the
elements are organized systematically to perform various degrees of wastewater treatment” and
wastewater “to distinguish IAPS from other types of impoundments” [75].
3.3.4.1 The system
The IAPS consists of four or more ponds in series [4]. Figure 3 below is a description of the system.
Its typically schematic consists of Advanced Facultative Ponds (AFPs), High Rate Ponds (HRPs), Algae
Settling Ponds (ASPs) and Maturation Ponds (MPs) [75]. IAPS usually consists of two AFPs in parallel,
a HRP, two ASP in parallel, and one or more MPs in series [73].
3.3.4.2 Treatment performance
Over 90% of the wastewater BOD5, 80% of nitrogen and 70% of phosphorous may be consistently
removed by IAPS systems [74].
6
7

See Notation on the terms AIWPS or IAPS
See Notation on the terms AIWPS or IAPS
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3.3.5

IAPS vs. Activated sludge

If the IAPS were to be compared to an Activated sludge system, the IAPS would offer a lot of
advantages. Table 4 below summarizes some of these advantages over a typical Activated Sludge
system.

Table 4. IAPS compared with the conventional Activated Sludge system [76-78]

Comparing IAPS and Activated Sludge (AS) with input of 800m3/day in South Africa
IAPS

AS

Footprint

Large (6.3 hectares)

Small ( 0,3 hectares)

Operating principle

Anaerobic + Aerobic Ponds + High-Rate

Aerobic compact

Algal Pond + wetland
Handling of pretreatment solids

Not required

Drying bed for primary solid
required

Handling high organic loads

Very good

Good

Buffering capacity in the system

Very good

Very low

Personnel

3 semi-skilled

1 skilled, 1 semi-skilled

Maintenance

Very low

Moderate

Flocculants requirement

Not required

Required

Electricity usage

15kW

48kW

Life expectancy

40 years

25 years

Biomass removal

Algal biomass can be made into useful

Secondary sludge discarded

products such as fertilizer

offsite

Best suited where there is adequate

Applicable in all climates

Applicability

sunlight and non-arable land
Construction

Labor intensive – can use local labor

Not

labor

intensive,

units

prefabricated
Aesthetics

Blends well with the environment

Composed

of

concrete

structures
Biogas produced

Yes

No

Capital expenditure

50% lower

High

Emergency breakdown

Can easily handle breakdown situation

Requires

for a week and still treat wastewater to

and

the general limit

aerators, otherwise effluent

backup

backup

generator
mechanical

will be non-compliant in 1 day
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DESCRIPTION OF AN ADVANCED INTEGRATED PONDING SYSTEM (AIPS)
The IAPS consists of four or more ponds in
series. Typically, it consists of Advanced
Facultative Ponds (AFPs), High Rate Ponds
(HRPs), Algae Settling Ponds (ASPs) and
Maturation Ponds (MPs) [38]. IAPS usually
consists of two AFPs in parallel, a HRP, two
ASP in parallel, and one or more MPs in
series [73].
Advanced
Facultative
Fermentation Pit

Pond

&

Wastewater flows that has passed through
screening and grit removal enters into a
deep fermentation pit in the AFP. In the pit,
fermentation by anaerobic bacteria
converts organic material to methane and
carbon dioxide. The fermentation pit also
acts to disinfect the waste [73].
High rate Algal Pond (HRAP)
From the AFP, the liquid flows into the
HRAP described in 3.3.3 above

Generally, assuming that 50% of the BOD is
removed by the AFP, the remaining 50% is
oxidized by the oxygen produced by the
algae [40]. The advantages of mixing have
also been discussed. Besides BOD removal,
a HRAP has other benefits. During daylight,
algae use CO2 during photosynthesis and pH
rises. High pH and O2 produced during
photosynthesis is effective for pathogen
removal. Under high pH, heavy metals
precipitate, and they are removed from the
liquid phase [73].
Algal Settling Pond
Effluent from the HRAP will contain a lot
of algae. If it were to be discharged
downstream,
it
would
cause
eutrophication which would kill fish [38].
HRAP should therefore be followed by an
algal settling pond or some method of
removing algae. Although natural
sedimentation will remove 70-80% of the
algae, if higher degrees of removal are
required mechanical harvesting is
required [73].

Below; Schematic of the principal operation unit operations of the IAPS constructed on site at the
Institute for Environmental Biotechnology, Rhodes University

Figure 3. A description of IAPS
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3.4

The potential of IAPS in Africa

Oswald, who is credited with developing the high rate algal ponds, argued that this technology
would gain relevance not only in the twenty first century but also in developing countries. He noted
that there are many places in the world today where sanitation is worse than it was in industrialized
countries some more than 70 years ago [5, 75]. But will algae based wastewater treatment
technology play a role?
3.4.1

The status quo

3.4.1.1 Wastewater treatment
Generally, a small proportion of wastewater produced in sewered parts of developing countries is
treated. As an example, the figure is less than 15 percent in the Latin America [4]. The reasons for
that are varied. Some of these reasons have been discussed in section 3.2.1, which details some of
the challenges that developing countries sometimes face with sanitation and wastewater treatment.
It is clear that wastewater treatment is needed on a larger scale in developing countries because
wastewaters are simply a resource [4]. A question remains whether IAPS can play a role.
3.4.1.2 Nutrition
During the early development of IAPS, Oswald postulated that the algae biomass grown could be
useful in those parts of the world where a lot of people suffer from malnutrition. He argued that
although life may not need to change for the better in industrialized countries, it must change for
the better in developing countries [5]. In a protein deficient country, a HRAP would seem useful.
Some studies have suggested that certain algae are edible [76]. However, algae harvested from
HRAPs cannot be used for direct human consumption, they can be used as additional animal
(normally, chicken) feeds [4]. Protein yields from HRAP are very much greater than from
conventional agriculture (~30,000 kg protein / ha / year, compared with <1000 kg/ha year from soya
beans), and it is not expensive to produce algae [4]. That would become a major incentive for
growing algae in protein deficient areas and for using the HRAP technology. Algae can be combined
with grain to produce valuable feed, which through feeding poultry, animals, fish can improve
human nutrition. With improved human nutrition, the quality of life in developing countries can also
improve. Oswald argues that after using algae for wastewater treatment, other important uses may
grow in recognition [5].
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3.5

Can IAPS be used?

Taking into consideration the challenges that developing countries sometimes face with wastewater
treatment into consideration, IAPS can therefore have more advantages if used for wastewater
treatment in those countries. Simultaneously, communities can benefit from the biomass.
3.5.1

Advantages of algae based technology

3.5.1.1 Simplicity
Waste Stabilization Ponds are simple to construct [4]. Algae based technologies have the same
advantage. They are not only simple to operate but also to maintain. Less skilled labor is needed for
pond operation and maintenance which can be an advantage in some developing countries where
skilled manpower is scarce [79].
3.5.1.2 Low cost
The total pond area needed is much larger than that the one needed for conventional plants, but
ponds should still cost only one-third to one-half as much to build, according to William Oswald.
Instead of concrete, they can be made from plastic foil, which is much cheaper. A properly designed
IAPS plant should use about one-quarter to one-fifth the energy of a conventional mechanical
wastewater treatment plant [79].
3.5.2

Advantages of some developing countries in Africa

3.5.2.1 Land

Land availability will be important for algae production because either open or closed systems will
require relatively large areas for implementation, as is expected with any photosynthesis-based
biomass production [70]. However, the choice has been described as between buying land
(considered as an investment) or spending a large amount of money each year on electricity (in
conventional treatment plants). If money is spent on buying land, it is not wasted. However, money
spent on electricity cannot be recovered later [4].

Various physical, social, economic, legal and political factors influence the availability of land.
However, many developing countries have sufficient land for the development of pond based
systems [4].
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3.5.2.2 Climate
When climate is considered, insolation and temperature (length of growing season) directly affect
productivity whereas evaporation, precipitation, and severe storms can pose environmental
constraints in the implementation of pond based systems [80]. Temperature and availability of
sunlight, both seasonally and annually, will most directly affect productivity, whereas precipitation,
evaporation, and severe weather will affect water supply and water quality in open systems [70].

Light is available in different quantities in different geological locations of the world (Figure 4 below)
[81]. Many developing countries have a warm or hot climate as well as abundant sunlight [4]. The
availability of adequate sunlight and the suitability of climate and temperature are key siting and
resource factors that will determine economic feasibility of any pond based system [70].

Figure 4. A global radiation map [82]

From Figure 4 above, many developing countries are in the zones with the highest annual solar
irradiances, so with the highest biomass production potential [81] In temperate and subtropical
regions, algae have a growth season (for example, in the Netherlands from April to November); in
the winter in open reactors, algae only grow at a fraction of the summertime growth rate [80].
3.5.3

Other factors

3.5.3.1 Pathogen removal

One of the major purposes of domestic wastewater treatment in developing countries is to reduce
the numbers of excreted pathogens to such levels that they are not transmitted further to cause
disease.

Wastewater treatment processes that are especially suitable for use in developing

countries, such as waste stabilization ponds are normally designed specifically for excreted pathogen
removal [4]. IAPS offers virtual absence of pathogenic bacteria and viruses in the effluent [74].
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3.5.3.2 Water
When deciding to grow algae, the four parameters that can be considered under water resources
include supply/demand and location which represent resources of interest, and salinity while the
usefulness of the water resource can be constrained by the chemistry such as salinity [80].

However, one of the major benefits of growing algae is that, unlike most terrestrial agriculture, algal
culture can potentially utilize non-fresh water sources having few competing uses, such as saline and
brackish ground water, or “co-produced water” from oil, natural gas, and coal-bed methane wells or
as advocated in this study, be grown in municipal wastewater [70].
3.5.4

The debate surrounding implementation of IAPS in developing countries in Africa
“It should be noted that established groups working on the so called low cost wastewater
treatment systems such as constructed wetlands and or lagoons also have prejudices against
both decentralised and centralised treatment. Apparently, each specialised groups sticks to
their own system(s) wherever possible, for their own commercial interests and sometimes
perhaps for scientific prestige. Unfortunately, as in many other fields of human development,
disagreements take place at the expense of those who really need the solution and of course
nature itself “ [55].

Oswald’s work as when he developed IAPS in 1957 started long before the discourse of sustainable
development had become popular.

“William Oswald was a man ahead of his time. He developed and demonstrated sustainable
technology decades before sustainability became a popular goal” [83]

During the early development of IAPS, Oswald assumed that the algae biomass grown could be
useful in those parts of the world where a lot of people suffer from malnutrition. In his view, algae
could be combined with grain to produce valuable feed, which through feeding poultry, animals, and
fish could improve human nutrition. With improved human nutrition, the quality of life in developing
countries can also improve. Oswald argued that after using algae for wastewater treatment, other
important uses would grow in recognition. Because of these assumptions, in the paper, ponds in the
20th century, Oswald agued how IAPS would gain significance in developing countries [5].
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Because this technology would gain significance in developing countries, in 1995, Oswald devised a
prescriptive way of introducing the other benefits of this technology to the community and to the
non-industrialised world at large. He wrote:

“The best approach is for the community to operate several advanced waste fertilized
aquaculture systems in selected communities in each country and provide for town and
village leaders to visit or study the facilities. The success of this effort is the first step in
attracting local and international attention to the concept of integrated pond aided
economies as opposed to the more conventional aqua based economies” [5]
3.5.4.1

Contrary views

Presenting this technology as a step ahead Waste Stabilization Ponds (WSP) as well as linking the
IAPS to other regimes such as the food regime among other unknown factors gave an opportunity
for views contrary to this technology to arise.

In 2003, Mara in his book Domestic Wastewater Treatment in Developing Countries, explained that:

“It will be apparent that the use of HRAP for maximal algal production is a complicated
process…… In short, and despite their advantage of high protein yields, HRAP8 are too
complicated a process for wastewater treatment in developing countries. There are very few
full-scale HRAP even in industrialized countries, which suggests they might be just too
complicated – full stop.
“It appears, therefore, that these ‘advanced’ or ‘advanced integrated’ pond systems have
no advantages over modern Waste Stabilization Ponds…”[4]

A year later in 2004, Mara further argued the following:
“IAPS were developed from high-rate algal ponds (HRAPs9) (Oswald, 1991, 1995)...The
original purpose of HRAPs was to maximize the production of algae to recover and use the
algal protein (algae are 50−60 per cent protein and HRAPs can produce up to 80 tonnes of
algal protein/ha year). However, with IAPS no attempt is made to recover the algal protein.
HRAPs, which are the key component of IAPS, are complex and sensitive reactors which are
much more difficult to operate correctly than conventional WSPs (and indeed activated
8
9

See Notation on the terms AIWPS or IAPS
See Notation on the terms AIWPS or IAPS
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sludge processes). In the real world of wastewater treatment in developing countries, IAPS
are too complicated a technology to be considered a viable and sustainable treatment option”
[84]
Addressing an international conference in 2007, on Wastewater Treatment in Small Communities in
Spain, Mara explained,

“I do not share Oswald’s vision of high-rate algal ponds (HRAP) being widely used in this
century, simply because I do not believe that there will be a high demand for algal protein for
use as animal feed (“sewage to beefsteak”) — well, not in the next 25 years or so. In any case
HRAP, as a treatment / algal-protein production facility, are and will remain totally
unsuitable for small communities.” [85]

Two aspects consistently came out of these counter arguments. First, the IAPS were developed in
order to unlock the benefits of algae biomass. Second, for industrialized countries, HRAP are such a
complicated a technology that non-industrialized countries do not have any capacity to implement
them. This was in spite of the fact that elsewhere in the industrialized world, several treatment
plants using various algal systems had already been constructed. The first full scale IAPS, which
incorporated an Advanced Facultative Pond, was built in 1967 at St Helena, California, and is still
operating today [4].

3.6

Conclusion – the use of algae for municipal wastewater treatment

Conventional centralized wastewater treatment systems have failed a basic sustainability test. Some
researchers have suggested that decentralized systems are an alternative option. However, many of
the systems which have been proposed are nevertheless still expensive for developing countries to
adopt.
Algae based wastewater treatment systems can offer a sustainable option when used within a
centralized or decentralized sanitation systems. To date, two types of algae based wastewater
treatment systems are available in the form of a High Rate Algal Ponds (HRAP) and an Advanced
Integrated Advanced Ponding Systems (IAPS). Apart from wastewater treatment, another benefit of
using these systems emanates from the recovery of resources in the form of methane and biomass.
A niche opportunity exists if the algal biomass is grown as a by-product of wastewater treatment.
A potential for algae based wastewater treatment technology exists in developing countries. Many
developing countries have adequate land and climate mainly in the form of sunlight, both which are
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required for the successful use of the technology. In turn, they would benefit from low skilled labor
requirement of the system, its low cost of construction and maintenance and its level of disinfecting
wastewater. Further benefits can be realized from processing the algae biomass harvested into
useful products such as fertilizer and animal feed. In protein deficient countries, such small scale
projects can change the quality of individual lives. However, some scientists in the field of water and
sanitation have counter argued these claims saying that IAPS are too complicated for
implementation by developing countries. Further they argue that as long as the demand for biomass
remains low, IAPS will not the gain relevance as expected. These arguments cannot be ignored in the
discussion of the attempt to introduce IAPS in South Africa.
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CHAPTER 4
COMMISSIONING AND OPERATION AT RHODES
UNIVERSITY (1992 – 2005)
This chapter is the first empirical part of this report. The road to IAPS also referred to as “golden
ponds” was divided into four periods. This chapter describes and analyses the first period which ran
from 1992 to 1996 and involved the commissioning and operation of IAPS in South Africa. First a
narration of the steps that were taken by stakeholders is given. Second, the influence of events on
the landscape level of the MLP is given. Third, the steps taken by stakeholders are analysed in terms
of visions and expectations, networks and learning.

4.1

An account of what happened

4.1.1

Technology transfer and commissioning and operation of IAPS

Integrated Algae Ponding Systems (IAPS) had been seen as having advantages to wastewater
treatment particularly to the Eastern Cape Province of South Africa. This had been reflected in the
70s and 80s in the research projects done by Oswald and Shelef, among other scientists [86]. Noting
these advantages, Prof. Peter Rose then at Rhodes University visited the University of California,
Berkley in the USA, where Prof Oswald had developed the AIWPS10 process. Later, Dr Oliver Hart
who was then a manager at the Water Research Commission (WRC) of South Africa also visited the
same university in the USA to see the work of Oswald. The WRC11 had been established in terms of
the Water Research Act (Act No 34 of 1971), following a period of serious water shortage in South
Africa [87].
Following these visits and some subsequent meetings of the WRC researchers, it was agreed that
given the chance, the AIWPS12 approach would in many respects provide the most established model
on which a process of bioprocess innovation relating to IAPS13 would be based in South Africa. In
May 1993, Professor Oswald visited South Africa at the invitation of the WRC to lecture on the
principles of IAPS at various places. During this visit, it was decided that Rhodes University would
submit a proposal to the WRC for some funding to construct an IAPS demonstration plant. The plant
would be constructed at the Grahamstown Municipal wastewater treatment plant [86]. The
proposal was done and Rhodes University’s Environmental Biotechnology Group (EBG) was awarded
the WRC Project K5/651 “Appropriate low cost sewage treatment using the Integrated Algal High
10

See Notation
The WRC’s purpose was to generate new knowledge and to promote the country’s water research
purposefully. It had been set up mainly because of fears that water would become South Africa’s most limiting
factors in the 21st century. Therefore, it had become an important institution.
12
See 3.2.2
13
See Notation
11
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Rate Oxidation Ponding Process.” The project would run from 1997 to 2001 under a grant from the
WRC [88].The objective was to construct a demonstration and research facility at the Rhodes
University EBG Experimental Field Station in Grahamstown and to complete an IAPS process design
in South Africa through a technology transfer [86]. Put simply, the main aim of the project, “was to
construct a demonstration plant to prove the underlying principles of the IAPS process and to effect
technology transfer” [88].

Professor Oswald then undertook the technology transfer process in association with some local
engineering consultants in Grahamstown and Pretoria. In January 1994, Professor Oswald visited
South Africa again. He was attending the International Anaerobic Digestion Conference in Cape
Town accompanied by his senior research associate, Dr Bailey Green. During this visit, process
designs and plans for the plant construction were finalised [86]. Because AIWPS is a registered trade
mark relating to the Oswald design, a more generic term Integrated Algal Ponding System (IAPS)
which refers to the various combinations of ponding system units, involving an algal component in
their operation was used by the EBG to describe the overall research and development system [89].
On 25 October 1994, construction of the plant commenced at the Grahamstown Disposal Works [86,
89] . Construction was completed and the IAPS plant was commissioned in February 1996. On the
27th of that month, the first raw sewage flowed into the fermentation pit [86].

The completed plant was designed for a population equivalent of 500 population equivalent and
consists of a primary facultative pond incorporating a submerged fermentation pit (Figure 5 and 6),
followed by two high-rate algal ponds for research purposes (Figure 5 and 7), an algal settling pond
(Figure 5, 8 and 9) and an algal drying bed (Figure 5 and 10) [88]. The schematic diagram of the
constructed plant is shown in Figure 3, Chapter 3.
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Primary
Primary Facultative
Facultative Pond
Pond

High Rate Algal Ponds

Four Drying beds between
two Settling Ponds

Figure 5. Arial photograph of IAPS, Grahamstown South Africa

Figure 6. Primary Facultative Pond (PFP) incoporating a submerged fermentation pit

Page | 42

Figure 7. High Rate Algal Ponds

Figure 8. Algal Settling Pond
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Figure 9. Four Algal Drying Beds between two Algal Settling Ponds

Dry algae

Figure 10. Drying beds showing dry algae which can be used as fertiliser
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The plant was officially opened at Grahamstown by the Minister of Department of Water Affairs and
Forestry (DWAF) [86]. This was a deliberate step to direct the attention of decision makers to the
potential application of IAPS in the South African government’s research and development
programme [88]. Following the commissioning of the plant, problem areas were fixed and stable
operating conditions were established within 6 months. Recommendation were then made that the
pilot plant would be operated for an appropriate period as a demonstration plant in order to
facilitate the adoption of the technology into routine professional engineering practice of South
Africa [86].

The facility was then run by the EBG until the operation and monitoring was taken over by the
Environmental Biotechnology Research Unit (EBRU) which had been established at Rhodes
University in 2003. Operation of the system varied during the course of the study period depending
on the specific research objectives under investigation [89].
4.1.2

The studies done

Since the commissioning of the IAPS in 1996, various researchers at the Rhodes University’s EBG
(later to be called the EBRU) investigated its treatment efficacy for a period of about 9 years [89].
First by December 1996, the principal objective of the project was achieved, that of constructing the
plant and facilitating the technology transfer [86]. In order to undertake first the monitoring
objectives which had been identified at the start of the project, and second, the process
development objectives which had become obvious during the course of research being undertaken
in the EBG, the WRC then awarded some two more grants. First

Project K5/799 entitled,

“Development and monitoring of integrated algal high rate oxidation pond technology for low-cost
treatment of sewage and industrial effluents"; and second, project K5/I073, "Extension of
applications and optimisation of operational performance of algal integrated ponding systems
technology in appropriate low-cost treatment of industrial and domestic wastewaters” [88]. These
projects ran from 1997 to 2001, and would provide a 5 year performance evaluation of the IAPS. The
studies done were reported in the WRC Report, “Integrated Algal Ponding Systems and the
Treatment of Domestic and Industrial Wastewaters. Part 4: AIWPS System Performance and Tertiary
Treatment Operations” [86] .
The operation of the plant also resulted in further iterative processes of research development and
related projects, such as IAPS for the treatment of tannery wastewaters [90], abattoir wastewaters
[91], and winery and distillery wastewaters [86, 92]. The findings were compiled into separate
reports. Further, the High Rate Algal Pond (HRAP) was operated and tested as a free-standing water
treatment unit operation, the Independent HRAP (I-HRAP) [86].
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4.1.2.1 The Independent High Rate Algal Pond (I-HRAP)
This study was a particular component of WRC Project K5/1073: 'Extension of applications and
optimisation of operational performance of algal integrated ponding systems technology in
appropriate low-cost treatment of industrial and domestic wastewater. The principal aim was to
develop the application of the HRAP as a free-standing tertiary treatment unit operation for the
removal of nutrients (nitrates and phosphates) from conventionally treated sewage effluents [89].
Previous studies in the Eastern Cape Province had shown that few small wastewater treatment
plants produced effluent that met the microbial count specification. Therefore, in addition to the
collation of IAPS data from the entire nine year monitoring period, this study investigated the use of
the HRAP as an independent unit operation for disinfection of effluent from small sewage plants
[88]. On the other hand, using the I-HRAP for nutrient removal and the treatment of raw waters
would be important in the context of the sustainability of water resources [86]. From the I-HRAP,
algae biomass was harvested. The biomass was demonstrated to be a practical feed source for
aquaculture operations. This would create a potential for the community to benefit from integrated
wastewater management [88]. Recovery of biomass from the HRAP, and its evaluation as a feed in
aquaculture rations was undertaken in the Department of Ichthyology and Fishery Sciences at
Rhodes University. The results of this study were reported by Potts (1998), and led to a conceptual
plan to construct an integrated water treatment aquaculture operation in Grahamstown [89].
A number of shortcomings were identified with the use of an I-HRAP, such as low and unreliable
anaerobic digestion under shock loading conditions. This was attributed to poor sludge retention
characteristics. Opportunities to extend the application of algal technologies were identified. These
included nutrient removal (nitrogen and phosphate) from domestic and industrial and domestic
wastewater, rapid alkalisation of acidic industrial nutrients and odour control on anaerobic waste
stabilisation pond installations[88] .
4.1.3

After the nine years

The IAPS was monitored over a period of nine years during which a number of configuration
adjustments of the HRAP unit operation was investigated. Under standard operating conditions, the
system was able to achieve levels of nutrient and organic removal that could be compared with
conventional wastewater treatment plants. The mean nitrate level achieved in the effluent was
below the 15mg/l South African discharge standard, but nitrate removal in the IAPS was found to be
inconsistent. Although the system was unable to sustain Chemical Oxygen Demand (COD) removal to
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below the 75mg/l South African discharge standard, an average COD removal rate of 87% was
recorded, with the residual COD remaining largely in the form of suspended algal biomass [93].

As for the independent high rate algal pond (I-HRAP) as a free standing unit operation, it was
demonstrated that it could consistently produce water with Escherichia coli counts of 0cfu/100ml.
The observed effect attributed to a number of factors and conditions assumed to be in the system.
These include higher levels of pH, sunlight and dissolved oxygen. Further, it was found out that the IHRAP greatly improved the nutrient removal abilities of the conventional Activated Sludge process,
making it possible to reliably and consistently maintain phosphate and ammonium levels in the final
effluent to below 5mg/l and 2mg/l respectively (corresponding South African discharge standards
are respectively 10mg/l and 3 mg/l) [93].

All in all, the quality of the final effluent produced by the optimisation of the IAPS would allow it to
be used for irrigation, thereby providing an alternative water source in water-stressed areas. The
system also proved to be exceptionally robust and data collected during periods of both high and
low-intensity management regimes were generally comparable [93].
4.1.3.1 Ready for uptake
After the nine years, the initial research programme was now complete. The WRC gave an overview
of the results of the technological experiments:

“In summary, the results of the nine year study have demonstrated reliable performance of
the IAPS and its use as an appropriate, sustainable wastewater treatment option for small
communities. For producing treated water suitable for irrigation, some significant IAPS
strengths compared to other wastewater treatment technologies are the relatively low
capital and operating costs (e.g. energy), stable performance and low management
demands. The system should find ready application in the RSA (Republic of South Africa)”
[93].

Following the results of all the studies The DWAF brought the patent for this system into the public
domain in South Africa and it was considered ready for uptake [94]. It was now time for the system
to find ready application in South Africa. Municipalities could take up this home-grown technology
[95].
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The WRC decided to support a national initiative focusing on the broader application of the IAPS for
wastewater treatment by local governments in South Africa as the technology had been developed
though its funds [96]. WRC then consulted and funded a Non-Governmental Organisation (NGO),
Mvula Trust to advise it on the various steps and decision making processes that could be followed
[96]. Mvula Trust is a South African based water and sanitation NGO, with offices in seven out of the
nine provinces of South Africa [97]. This period of the road is described in the next chapter. Below
is an analysis of the influence of the landscape at the described events.

4.2

Influence at the level of landscape

From the MLP, in imagery terms, the landscape refers to a land with mountains, hills and craters that
dictates the flow and direction (developments towards the societal transition goal). This happens
when environmental measures fall as raindrop upon the landscape. The landscape is very slow to
change. During this period, a prevailing world view that evidently influenced the idea to start
experimenting with IAPS at the Rhodes University was the sustainability discourse which was getting
prevalent at that time.
4.2.1

The sustainability discourse
“The WRC study in 'Salinity, Sanitation and Sustainability' was conceptualised as a research
initiative in the late 1980s and early 1990s within the context of the emerging sustainable
development debate, and this has informed many of its underpinning objectives over the
subsequent twelve years of the study” [90]

When Ross visited the US in 1992, in the late 90s, the Rhodes University’s EBG had begun work on
the biotechnology of saline wastewater beneficiation. These studies developed in an atmosphere
around the 1987 World Commission on Environment and Development (WCED, 1987) up till the
period leading up to the United Nations Conference on Environment and Development in Rio de
Janeiro [90]. During that time, Dr Ross describing the sustainability discourse said,

“It is evident that the discourse surrounding sustainable development is complex,
controversial and, indeed, highly politicised’ [90]

According to Dr Ross, their meetings at around that time initiated a certain focus on the problems of
operationalizing sustainability. One of the objectives arising out of the meetings included a search
for technological models which could provide for, and facilitate, the integrated management of
environmental resources, including wastes. Around this time the WRC had established a specific
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portfolio on water supply and sanitation, and was a founder member of the Standing Committee on
Water Supply and Sanitation [90].

A draft White Paper on a National Sanitation Policy [98] in South Africa in 1995 described the past
provision of sanitation in South Africa as deficient, and praised the WRC, among other institutions as
being ‘farsighted’. The WRC had increased its funding on research on sanitation for rural
communities in South Africa since about 1990. In 1990 the WRC held a pollution workshop which
brought together two decades of work on pollution in South Africa, and identified critical issues to
be addressed in dealing with this problem. The key issues of pollution and sanitation raised at that
time provide an earlier message about the priority areas of water pollution problems identified in an
Integrated Pollution and Waste Management White Paper of 2000 [90].

It was against this background that the WRC appointed the Rhodes University’s EBG to study the
biotechnological approach to treating and managing wastewater in 1999. This then led to a series of
projects which were studied over the next nine to twelve-year period, undertaken by the EBG (later
called the EBRU) with WRC, and joint WRC / Industry support. [89, 90].

4.2.2

The social and political context of sanitation in South Africa

Still on event at the landscape level, it is imperative to discuss the social and political context of
issues related to sanitation in South Africa. Although it may not be clear how such a context would
have an impact on individual technologies such as Activated Sludge or IAPS, it is important to note
that the context had an effect on the way people would perceive sanitation issues in South Africa.
Sanitation technologies would be labelled as either superior or inferior. From the same context,
clues can be found as to how communities would relate to wastewater treatment. This is also
important in this case in that it will be shown that one of the main expectations related to the IAPS
would emanate from the speculation that its by-products after wastewater treatment could be used
by communities. The question to ask is how willing would communities in South Africa is, to work
with wastewater given the social and political context which can be located at the landscape level?

South Africa’s current conditions, its infrastructure and social situation developed out of a history of
Apartheid (1948-94) and a struggle for liberation. The first elections in which all the racial groups
participated fairly were held in 1994. During the election, the African National Congress (ANC) won
and till now, it is still the party with the majority [99]. After Apartheid, South Africa became one of
the few countries in the world to incorporate the right to water in its constitution.
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Historically, sanitation in South Africa can be divided into 3 periods. These period are, first the
Apartheid era (1948 to 1994), second the era of sanitation policies (1994 to 2001) and third, the era
of eradicating the bucket sanitation which would run from 2001 up until now [100].
From 1948 till 1994, access to sanitation was not equal. After the repulsion of pass laws, informal
settlements rapidly proliferated in urban areas. Physical conditions in these overcrowded, ill served
townships and squatter communities were bad. These included makeshift housing, lack of protected
water, and the absence of sanitary facilities. The health of residents was at risk. The absence of
sewer and treatment facilities was another challenge. Segregated groups were provided with
buckets for toilets. Lack of adequate sewage disposal, combined with heavy rains, hot temperatures
and accidental spilling of those buckets, created enormous health problems. The first cholera
outbreak was recorded in townships in 1982 [100].

“...the politics of sewage…or what I would call the politics of toilets. If I would live to write I
would write something like a book called the politics of a toilet in South Africa. A toilet here
has been politicised negatively. I know that I have made use of something called a bucket,
terrible. I am told that I still have to go to Kenya if I have to see the worst when it comes to
sewage matters... but unfortunately, here the bucket was in certain areas” [101].

In 1956 the Water Act gave rise to the Department of Water Affairs (DWA). The DWA was tasked
with providing and allocating water for developing the agricultural sector. The agricultural sector
was unfairly distributed and so became access to water. Access to water and sanitation became a
weapon of oppression within the apartheid regime [100].

In 1994, the ANC (African National Union) government came to power. The new government was
faced with severe development challenges, massive inequity and widespread poverty. A third of the
population had no access to safe drinking water; nearly half the population had no access to safe
sanitation facilities [102]. According to official figures, in 2002 an estimated 18 million South Africans
did not have access to basic sanitation in 2002 and were using the bucket system, pit toilets or the
“veld” which is open defecation [103]. The government however had a deep commitment to
improve the lives of all people [102].

In 1996, a new South African Constitution emphasised on rights and dignity. In the sanitation sector,
the slogan “Sanitation is Dignity” began to make some deep resonance. For sanitation, the following
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policies and institutions were introduced; the White Paper on Water Supply and Sanitation, 1994,
National Sanitation Policy and National Sanitation Task Team was established and the National
Sanitation Strategy of August 2005. Further, buckets were declared inadequate [100].

“What is now happening is they are now putting for everybody infrastructure for flushing,
yah everybody now is flashing. The people who are not flushing are the people who are in
unplanned areas. Government is putting flushing everywhere” [101].

In 1994, the government embarked on a massive expansion of water and sanitation infrastructure.
By 2009, new water infrastructure had been provided to 19 million people, new sanitation
infrastructure provided to 11 million people (with flush toilets having been provided to nearly 9
million people which represented nearly 60% of the population [102].

Flush toilets had become associated with equity in a context of historical discrimination; anything
other than flush toilets in urban areas was regarded, at best, as provisional. The Government had
promised a better life for all, and people looked to the government to deliver. A policy of free basic
services meant that there was no incentive to accept anything less than a flush toilet [102].

The government’s focus was on infrastructure. As an example, free houses were provided to more
than 2.4‐million households which were mostly connected with flush toilets. More than 250 000
bucket toilets were eradicated since 2005 and replaced mostly by flush toilets. Whilst the thrust was
on expanding and connection, the flaw was that, expanded service provision had to outpaced
expansion and upgrading of bulk infrastructure [100, 102] as can be from an extract below.

“’Huge strides have been made in the roll out of waterborne sanitation to homes across
South Africa over the past 13 years. However, it was recognised early on that this expansion
of services would require a matching investment in the development of sewage treatment
infrastructure to deal with the substantially increasing wastewater flows. The challenges
were likely to be especially severely felt in the small to medium sized communities which lack
the ability to fund and manage high-tech sewage treatment plants” [95]

Taking municipal wastewater treatment for example, a study showed that whilst Waste-Stabilization
Ponds play a very important and appropriate waste-treatment function, they are in many instances
failing in their primary objective of effective abatement of environmental pollution. Furthermore, in
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many instances unacceptable risk to human life and livestock also result principally from a
combination of poor operational conditions (e.g. discharge to streams) and poor community
awareness. For example, children would swim in ponds [104].

4.3

Internal Niche Processes 1992 to 2005

4.3.1

High expectations failed

In 1992, expectations about the benefits of IAPS in South Africa were very high. These expectations
were directly linked to Oswald’s work and the subsequent reaction to the work between 1957 and
1992 before the technology transfer into South Africa. Between 1957 and 1992, some very high
expectations about the IAPS in non-industrialized countries had developed as Oswald developed the
technology and also rivalry had developed as a result of the same expectations, among other
reasons (Section 3.5.4.1).

Oswald’s expectations had been very high as shown in the extract below that came from his paper,
ponds in the 21st century.

‘’Advanced Integrated Ponding Systems have been described previously....For this reason, I
will not dwell on pond design but rather on the precarious human predicament with respect
to land productivity and sanitation, and how it may be mitigated using pond technology.....It
would be cavalier of me to predict all uses of ponds in the 21st Century, but given the rapid
increase in human population and the deterioration of the environment, it is worthwhile to
suggest some plausible alternative solutions to our current apparent paralysis “[5]

At that time, although Oswald had some very high expectations of the IAPS, not every expert in the
water and sanitation regime shared this vision with him;

“I do not share Oswald’s vision of high-rate algal ponds (HRAP) being widely used in this
century, simply because I do not believe that there will be a high demand for algal protein for
use as animal feed.” [85].

However, Oswald’s high expectation would be transferred to South Africa together with the
technology.

Page | 52

“’Imagine a sewage wastewater treatment technology ...that produces a high quality
effluent that meets the General Standard...without needing an external electricity supply,
sludge handling or highly skilled operators; and one that costs substantially less than
other systems, produces clean water for job-creation programs, and can be easily
retrofitted to existing dysfunctional works to effect compliance. Turning this dream into
reality has been the task of the Environmental Biotechnology Research Unit (EBRU) at
Rhodes University, together with the Water Research Commission (WRC) since the early
1990s”’ [95]

As these promises were considered, they were turned into a shared expectation. Rhodes University

and the WRC shared the same high expectation of the IAPS in 1992. This would be reflected in
the main aim of the project which was, “...to construct a demonstration plant to prove the
underlying principles of the IAPS process and to effect technology transfer” [88]. Proving the high
expectations would be done through research and demonstration on the pilot plant that was built at
the EBRU in 1992.

“The IAPS demonstration and research plant constructed at the EBRU Field Station in
Grahamstown .... was designed to serve the dual function of a technology demonstration
plant and a research facility for algal biotechnology...” [90]

The purpose of the IAPS would be to demonstrate the high expectations and to carry out some
research.

In the 80s and in the 90s, in South Africa, the high expectations around the IAPS were also in light of
the sustainability discourse prevalent at that time (at the landscape level of the MLP). According to
the EBRU, sustainability in wastewater treatment had to be operationalized. Using this argument,
Rhodes University, approached a government funded institution WRC for some funding. As both
institutions were research oriented, the vision of both organizations at this point became to advance
the discourse of sustainability and to test the high expectations related to IAPS as proposed by
Oswald.

Experiments with the IAPS were done at the EBRU for 9 years. At the end of the 9 year studies, it
could be shown that first, the high expectation concerning the IAPS had not been proved, and
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second, not all expectations concerning the IAPS had been tested. This would later created
confusion (Section 5.1.3.1).

“The research has shown that the treated water meets the General Standard in all criteria
including disinfection where E.coli <1/100ml is achieved. The only parameter that is
routinely out of spec is the COD which runs at around 100 mg/l and is due mainly to the
algal component that is not removed in the settler” [95].

From the above extract, it shows that the IAPS did not manage to meet some of the DWAF
standards. However, this did not lower down EBRU’s expectations about the technology. EBRU
only came to realise the gravity of failing to meet the DWAF’s expectations, when this became a
main issue during the Calgary debate described in Section 4.2.3. The DWAF would later show
that it was not by any means prepared to lower its standards for the sake of the IAPS, it
expected all standards to be met.

Through an interview, I established that municipalities took the DWAF effluent standards
seriously. A senior engineer commented that at the moment, it would not matter whether pollution
comes from a conventional technology, or from the IAPS, the regulator would treat them the same;

“…to them maybe it is simple, but with the regulation of water it is not, it is something else,
because the same punishment that we have if that water fails to reach the same standard as
the normal quality of water we give to people. So in terms of that it is stressful...” [105]
Although it was highly expected that the IAPS would be of great benefit to the community, besides
the experiments with the technical aspects of wastewater treatment, no experiment on the social
embedding of the IAPS technology into the community were done. Instead, only experiments on the
fertiliser value of the algae had been done. As the IAPS had failed to meet on of the DWAF’s effluent
discharge standards, this would warrant the need for further technical experiments and for some
institutional protection of the IAPS.
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4.3.2

The first network

Period 1: Commissioning & Operation of AIPS at EBRU (1992 to 2005)

Knowledge / Research Institutions

Water
Research
Commission
SA
Knowledge

Univesity of
Berkely
Carlifornia

Finances
Technology transfer
Rhodes
University

Municipality

Makana
Municipality

Land for the experiments
Water to be treated

AIPS Experiments at the
EBRU
Political support at commissioning of plants

DWAG

Regulator

Figure 11. Network of actors during the first period

The stakeholders that are relevant to this period were identified using the technique of asking
questions. During interviews further stakeholders were identified through snowballing. Appendix
one lists relevant stakeholders identified for this study whilst appendix two is the list of informants.
Rhodes University and the WRC
The South African national government is the financier of the WRC. The WRC provided funding so
that Rhodes University could facilitate the technology transfer from the University of California in
Berkley. As a result, during this period the WRC and Rhodes University both dominated and steered
direction of the IAPS research. During this period, there was also some cooperation with external
players, such as the University of Berkley where this technology had been developed. After this
period, network with the University of Berkley stopped. Makana Municipality, in which the Rhodes
University is located, provided the land where the pilot project would be built.
DWAF
Although the WRC is totally funded by the DWAF, the DWAF would only be involved with the IAPS
during the official opening of pilot plant during which a government minister from the DWAF would
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officiate. The purpose would be to gain the political support of the project; “This (inviting a
government minister for the official opening) was a deliberate step to direct the attention of
decision makers to the potential application of IAPS in the government’s research and development
programme” [90] .
This could be taken to mean garnering some political protection to the technology. During interviews,
I gathered that because of the social and political context of sanitation in South Africa, this level of
political protection was probably not adequate. An environmental manager in a municipality
commented;

“..If you can upscale, show the communities that it can treat their water and the politicians in
the municipalities. If you want to see some changes you should also target them, because
they are our bosses and they are the people who are making promises. They are the ones
who will go to a place up the mountain, and say to people there we are going to build flash
toilets, without knowing the technical implications of the promises…”
The community, NGOs
The community itself, or NGOs are absent at this stage of the journey. The private sector (private
companies) were only factored in when Rhodes University wanted to steer the research towards the
IAPS treating industry specific pollution such as the tannery or meat industry. This technology had
long been associated with benefits to the community. Expectations had been that the community
would use treated water for irrigation and dry algae for fertilizer or other products. No experiments
were done with the community. Instead, Rhodes University only did experiments on the amount of
fertilizer that is in dry algae, without necessarily trying to find out how best it could engage the
community or how the technology could be embedded into the society.
4.3.3

Learning processes

In 1992 when Rhodes University, with funding from the WRC initiated a technology transfer of the
IAPS from the USA, there was already a vast amount of knowledge about the IAPS based on the
experiments in the USA as well as the full scale operation of the facility at St Helena and the other
sites. The objective was to build a demonstration plant that would prove all the claims and
expectations about this technology.
In 1992, both Ross and Hart, of the EBRU and of the WRC visited the University. In 1992 the
demonstration plant was constructed and commissioned based on the designs by Oswald.
Afterwards for a period of 9 years, experiments were done with the pilot / demonstration plant. The
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experiments resulted in a lot of technical knowledge on the treatment of municipal water, the
treatment of tannery wastewater, the treatment of abattoir water and so on. Further, there were
experiments to determine the nutrient capability of the fertiliser arising from dried algae.
During the 9 year period, a number of activities were undertaken, aimed at making known the
findings and the results of the experiments and to assist in technology diffusion and technology
transfer to potential users. These included official opening functions, technical visits and technical
tours to the sites involved [90]. In January 1996, a technical tour of the sites was done. Members of
technical committee in that tour included a professor and Chairman of the WRC; the Executive
Director of the WRC; the Deputy Director of the WRC; a Research Manager at the WRC; 3 Doctors
and a Professor from Rhodes University. Since its commissioning, the IAPS Demonstration and
Research Plant at EBRU was visited by nearly 3000 people who included scientists, engineers,
municipal officials, students, scholars and the general public [90].

It can be concluded that learning processes during this period was largely confined to technical
lessons. No effort was put to learn about the social embedding of the IAPS. The repercussions will be
seen in chapters six and seven.
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CHAPTER 5
ENGAGING AMATHOLE DISTRICT (AD)
MUNICIPALITY (2008 – 2010)
5.1

An account of what happened

In June 2008, the WRC consulted Mvula Trust, a local Non-Governmental Organisation (NGO) to
engage Amathole District (AD) Municipality for the possible uptake of IAPS on one of its wastewater
treatment sites [107]. The district has a population of about 1.7 million people [106].
For this study, this marked the second period of the road to golden ponds in South Africa. This
period was characterised by a number of events which unfolded as shown in the table 5 below.
Table 5. AD Municipality events

Time

Event

June 2008

Mvula Trust approaches AD Municipality

July 2008

Presentations to technical department and mayoral committee

August 2008

Site visit to EBRU

October 2008

Candidate sites selected – Bedford, Morgan Bay

October 2009

Conceptual design and costing developed for Bedford

November 2008

Calgary technology choice debate

December 2008

PCT performs tests on EBRU effluent

March 2009

PCT report advises against uptake of IAPS

March 09

Responses to PCT findings

April 09

Dr Len Dekker prepares a conceptual design for Morgan Bay

May 09

AD Municipality opts for “conventional” technology at Bedford

5.1.1

Mvula Trust lobbies the mayoral committee and the technical department

On the 31st of July in 2008, the AD Municipality mayoral committee and the technical committee
gathered for Victor Munnik of Mvula Trust’s presentation “creating wealth in rural and peri-urban
communities through small wastewater treatment plants” [108]. The purpose of the presentation
was to support the argument that IAPS were capable of providing an affordable, easy to operate
solution to challenges that were being experienced in wastewater treatment in the rural settings of
the AD Municipality. Further, the presentation would argue that IAPS could provide valuable inputs
for local economic development. As a result, livelihoods would be expected to change for the better
as the community would benefit from the products of wastewater treatment with IAPS such as
clean water and algae biomass [108].
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The presentation showed that IAPS’ relevance in South Africa emanated from the following; first the
DWAF July 2008: Strategic Framework for Water for Growth and Sustainable Development, Draft
Version 3 and second, that for more than a decade, IAPS had been tested in South Africa. During the
meeting Mvula Trust told the participates that it was there, first to facilitate the creation of benefits
in rural and peri-urban communities through wastewater treatment and second to advocate for
algae as a wealth creation “thing” [108].
In summary, Mvula Trust did present before the AD Municipality’s politicians and the experts IAPS as
an emerging choice for rural municipalities’ wastewater treatment in South Africa.
5.1.2

Potential sites selected

A month later, personnel from Mvula Trust visited the EBRU in August 2008 to see the IAPS
demonstration in Grahamstown (Figure 5 to 10). Two months later, in October 2008, two sites were
selected as possible candidates for this technology [107]. Nico Jonker, then Director of engineering
services for AD Municipality reported that they had chosen Bedford and Morgan’s Bay in the
Eastern Cape in AD Municipality [77]. During the same month, a conceptual design and costing was
done for Bedford [107].
“Integrated Algal Ponding Systems may be tested in Amathole District Municipality and, in
theory, have great benefits for small rural communities. The systems are being tested against
parameters that include energy efficiency and low-skilled operators” [77]
5.1.3

Stakeholders meet in Calgary to debate on the choice of technology

A month later, on 11 November 2008, 39 people gathered at Calgary, East London in South Africa to
debate on the possible choice of technology between IAPS and Activated Sludge. This was literally a
debate to choose between the two technologies, pitting representatives of about 16 institutions.
From the AD Municipality came 14 people, while from Mvula Trust came 7 people. There were six
engineers, 1 from Loise Berger Group, 2 from Kwezi V3 (KV3), 1 from Africon and 1 from People’s
Power Africa. Further, 3 academics from the Rhodes University were present as well as 3
independent researchers / experts. As for the remaining people, 2 were from the DWAF, 1 from the
WRC, 1 from Jorberg Water, 1 from the South African Local Government Association (SALGA) and
finally 1 from the Increasing Sustainable Local Government Services (ISLGS) program. Looking closely
at the attendance, professionally, the largest grouping was engineers and related experts, whilst
institutionally, the largest grouping was from the ADM who were altogether 14 people [109].
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AD Municality wanted experts to assist it to weigh the advantages of the IAPS system against any
perceived risks, and to identify any hidden pitfalls in using this technology [109]. To start the
meeting, Councillor Mtongwana

whose Portfolio was a

Water Services Councillor in AD

Municipality, invited experts to give their opinions [110]. He said that,
“AD Municipality is a learning institution, interested in a solution that is appropriate in all
respects, including financially and socially. AD Municipality faces challenges in sanitation and
is looking for solutions. However we want to be really informed so that we don’t jump into a
decision only to discover that after 6 months or so, the decision we have taken is actually not
sound technically or financially or in any other respect” [109].
After that, the two alternatives for Bedford, i.e. the IAPS and Activated Sludge were presented on
the basis of site specific designs. From the engineering firm KV3, Derek Turner presented the
Activated Sludge proposal for Bedford wastewater treatment, as designed in July 2007. The IAPS was
introduced by Prof Keith Cowan and David Render from the EBRU, and Mike Thompson of the
engineering firm UWP [109].
KV3 highlighted the need to provide a treatment facility that was able to treat effluent to the quality
standards of the National Water Act of 1998 and to allow for discharge to a water course without
long term impacts on water quality and public health. The proposal was for an Activated Sludge
plant with use of the existing ponds where practical. KV3 argued that the advantages of an activated
sludge plant were that the footprint was small, proximity to local housing was not an issue, and the
effluent quality would comply with DWAF standards [110].
After the activated sludge presentation, Professor Keith Cowan from the EBRU introduced the HRAP
concept. First, he talked about the history of the EBRU which showed that its primary focus which
initially had been on water remediation had now moved to biological processes to affect treatment
(or beneficiation). He explained that EBRU’s focus was now on reducing energy losses. However, for
the debate that was at hand, he would present the HRAP system and the potential to generate
beneficial products out of waste treatment. Dave Render from the EBRU then presented the finer
details of the IAPS. For Bedford, a good inlet works would be required. Thereafter, the existing
anaerobic pond would be modified to capture methane by fitting a hood, developing a facultative
pond and then the effluent would discharge into raceways, followed by an algal settling in a tank.
The only power requirement would be from a “little” electric motor to power the paddle wheel
[110].
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UWP, represented by Mr M Thompson, had produced a conceptual design based on the same design
parameters provided by KV3. In addition, the existing pond system at Bedford was to be used to the
maximum possible with units being placed inside the existing ponds [110].
The platform was now open for questions and clarity. A series of points were then discussed in an
open debate [109].
5.1.3.1 The debate
The IAPS was commended for being potentially capable of solving the country’s sanitation challenge,
which was haunting AD Municipality as with other rural areas of South Africa. However, the
regulator and a significant number of engineers were cautious about the IAPS “because it is not a
mature system”. Some of the agreed facts during the meeting were as follows:


It was agreed that the current systems in South Africa were failing due to pressure from the
new connections under the bucket eradication programme. The bucket eradication system,
implemented by the new government sought to connect houses which under the South
African apartheid government were not connected to water borne sewage, as discussed
already in section 4.2.2.



It was agreed that conventional Activated Sludge systems were expensive to maintain
because they would require high skills for the operators and large amounts of electricity.
Because of that, in South Africa Activated Sludge systems normally failed and therefore
normally did not comply with the DWAF effluent standards. The failures would then lead to
legal liability and more importantly, would threaten public health. At that point, it was
concluded that there is a high risk in choosing Activated Sludge in terms of performance
though it would in turn mean a commitment to high operation and maintenance costs [109].



As the debate went on, the IAPS on the other hand, was described as an appropriate
technology and its advantages were acknowledged. It was found to be around 15% cheaper
than the activated sludge option. However, the comparison was complicated by the fact that
the activated sludge design would use the existing system. On the other hand the IAPS
design budget also contained ZAR14900 000 for irrigation equipment which was not part of
the KV3 Activated Sludge proposal. Its construction was perceived to be quicker whilst its
operation demanded less skilled labour. However, all the participants were attracted to the
fact that the IAPS is robust when faced with an uncertain supply of electricity. The EBRU’s
IAPS in Grahamstown had withstood electricity blackouts as electricity was switched off for

14

The currency of South Africa
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six weeks every year without any negative impact. According to a calculation that was
presented during the debate by Mike Thompson from the UWP, the IAPS has a monthly
electricity cost 20 times lower than an activated sludge plant [109].


The issue of sludge handling was acknowledged to be a big and unsolved problem in South
Africa. It was then stated that over a 12 year period only 30 to 35 cm of sludge had
accumulated in the fermentation pit at the EBRU and no desludging had therefore been
needed. Further, the Activated Sludge system uses chlorination for disinfection yet in many
cases, it was noted that the chemicals were not always available, or dosages were incorrect.
On the other hand, it was argued that, in the IAPS system at EBRU, helminth eggs and heavy
metals were captured in the fermentation pit (Figure 6) and removed from the waste water.
Pathogens that would survive were removed through the high pH before release and use of
the effluent [109].

Further, there were discussions on land requirements. It was acknowledged that the IAPS system has
land requirements similar to conventional pond systems. Land requirements would present
problems, depending on the local context. However, on the other hand, an advantage of the IAPS
was that it is easier to locate. This is because it does not have a problem of odour. During the
debate, EBRU staff told everyone that

they had worked

and would eat next to IAPS in

Grahamstown and they did not experience any discomfort s [109].
Resource recovery was also discussed. It was debated that algal biomass could be harvested from
the IAPS and could be used as fertilizer or for other applications. Also, the effluent could be used for
agriculture. The debate did not pursue the options for local economic development at any length.
However, considerable attention was given to the climate change aspects of the IAPS. Methane and
biogas capturing was seen as an attractive option, both for direct benefits from using the methane
and for possible support within the Clean Development Mechanism (CDM) [109].
Towards the end of the meeting there were some remaining concerns. As the IAPS was being
regarded as “new” to South Africa, two groups remained with issues. These were the engineers who
would oversee the design and construction of wastewater treatment plants, and the DWAF who
would have to regulate all wastewater treatment plants in the county.
5.1.3.2 The regulators
Regulators debated that they were concerned with the issue about Chemical Oxygen Demand (COD)
which from the experiments at EBRU, would be coupled with organic content (algae) in the IAPS
effluent. To counter argue, it was said that the algae in the effluent would add oxygen to the
receiving stream, and not take oxygen from it. However, tests had clearly shown the effect of the
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algae’s presence on COD. The regulator DWAF, with support from the WRC, was not at all willing to
alter effluent standards, despite any argument. As a result, Dave Render of EBRU said that it was not
going to take them much to bring the effluent from the current 100 to the 75 mg/litre which were
required by the DWAF. He suggested that they were going to achieve that via a sand filter, aeration
or a membrane system, and then the IAPS would meet the DWAF standards [109].
5.1.3.3 The engineers
The engineers were concerned about “professional guarantee”. They said that the technology was
new to them and they were only able to guarantee designs that they know already. They needed
time to familiarise themselves with the IAPS [109].
During an interview, an environmental manager in a municipality explained to me “professional
indemnity or guarantee” in lay language.

“… technocrats in their mind, they have got lines and concrete, that is what they think. They
have been schooled. So they think what happens if this thing (IAPS), if the system fails, the
thing will smell, and there are going to be complaints. So because we are, as you might be
aware, a municipality, one of the components of the municipality is a community…” [101]
5.1.3.4 Support
At the end of the debate, AD Municipality asked whether it would get any type of support from the
participants and the institutions they were representing.
EBRU said, “EBRU would certainly be a willing partner in this venture and would certainly want to
watch closely not only the construction but the implementation of this particular project. In addition
we would probably be very interested in peripherals that could be associated with this project
downstream. In particular we would be interested in the carbon auditing component. We would
certainly be interested in the carbon capture and sequestration component which has come to light
in this meeting… and in mitigating the current trend which has just been to vent methane to
atmosphere we would certainly be a willing participant in that aspect as well” [109].
The WRC representative expressed willingness to understand the application of the IAPS process and
any refinements necessary, such as the polishing of the effluent so that it could meet the standards
and also the capture of biogas and carbon credits.
The DWAF concluded by mentioning that it was in support of energy efficient solutions. It had
however some strict reservations about the effluent quality, and wanted to see that rectified [109].
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5.1.4

PCT consulted

5.1.4.1 PCT performs tests on EBRU effluent
One month later, AD Municipality went on to do an Environmental Impact Assessment (EIA) of the
planned upgrade of Bedford treatment works. As part of the EIA, about a month after the debate at
Calgary, a consultancy company Pollution Control Technologies (PCT) visited the EBRU at Rhodes
University to evaluate the IAPS. During the visit, Dave Render of EBRU explained the process to PCT
and at the same time PCT grabbed some samples from the functioning system [110].
5.1.4.2 PCT advises AD Municipality against uptake of IAPS
On the 1st of March 2009, PCT submitted a report to Nico Jonka, Director of engineering services, AD
Municipality. The report advised AD Municipality against the uptake of IAPS [110].
The report first highlighted how on the 11 November debate, Councillor Mtongwana when opening
the Calgary debate said that AD Municipality did not want to find that after six months, the decision
that it has taken was not technically or economically sound. Second, the reports outlined the
debate, as argued for and against both the IAPS and the Activated Sludge system during the same
meeting [109, 110].
The report then went on to take note of the deficiencies that PCT had observed on the 11th of
November when it visited the IAPS plant at the EBRU.


The pilot was not processing raw sewage on the day of visit. The influent was free from
solids



Flow into the pilot was regulated



Its seemed as though there was sludge build up

On that same day, PCT had collected some samples for assessment of water quality and treatment
performance. In the report, the results obtained after analysing the samples were said to have been
at variance with the information provided both on site, and during the debate at Calgary (Section
5.1.3). PCT considered it necessary to review some of the available information about the claimed
abilities of the technology [109]. The report then generated into some technical debate on how the
samples collected were not complying with the national standards. The technical arguments went on
to analyse and criticise even the data presented in previous thesis works that were related to the
pilot IAPS at EBRU [89].

The report then went on to advise that similar HRAP systems as used in the USA did not comply with
effluent discharge standards in the places where they were operating. Finally, it went on to quote
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statements by other scientists, who had different views about the technology, on how the
technology is generally not applicable in developing countries. “The following statement by Veron &
Mara (2004) needs to be considered carefully….In the real world of wastewater treatment in
developing countries, IAPS are too complicated a technology to be considered a viable and
sustainable treatment option………..’’ [110].

As a conclusion, the report, went on to discredit anything positive that had been mentioned of the
IAPS. Instead, it concluded by recommending Waste Stabilisation Ponds, which were currently used
at Bedford, “Based on an assessment of the produced effluent quality the question has to be asked
as to how the implementation of a HRAP system at Bedford will improve the present situation. It is
considered that if the objective is to treat effluent using a low technology approach it would be
better to consider Waste Stabilization Pond (WSP) technology…… and the statements by Veron &
Mara (2004) needs to be considered before committing to HRAP technology [110]”
5.1.5

PCT’s findings challenged

In March 2009, Nico Jonker e-mailed the PCT findings to Len Dekker of Dekker Envirotech and also to
the EBRU. He was soliciting for responses to the issues that had been raised in the report.
5.1.5.1 Dekkar responded
In his response, Dekkar first gave his own background. Dekkar had encountered the IAPS during a
two year study period (1997 to 1999) which formed part of his PhD thesis entitled, “Development
of Integrated Algal Ponding Systems in the treatment of Wine Distillery Wastewaters”. After
his PhD studies, Dekkar designed a number of commercial integrated ponding systems treating
agro-industrial wastewaters where each of these systems would contain components that were
unique to the IAPS design [111].
In his response, Dekkar’s laboured to give some specific technical details, countering each and every
claim that PCT had made. Finally, he stressed;
“The pilot-IAPS (based on the EBRU design) cannot be regarded as a stand-alone technology
and it was never intended to be the case. However, the unique components (specifically the
deep Fermentation Pit and HRAP designs) have been successfully implemented in South
Africa in treating agro-industrial wastewaters that contains much higher organic and
nutrient loads compared to municipal sewage. An understanding of the benefits of the
Integrated Algal Ponding technology is important, because it makes it much more attractive
compared to conventional Activated Sludge treatment” [111].
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5.1.5.2 EBRU responded
EBRU’s response [112] was very critical of both the content and implications of the PCT’s report.
First, EBRU argued that the report had misinterpreted its vision as an institute. Further, the report
had misinterpreted EBRU’s vision of the IAPS project. Second, EBRU disputed the evaluation of the
collected samples collected by PCT. PCT had collected and analysed the samples in bad faith,
without any permission from the director of EBRU [112].
EBRU’s response then went on to criticise all the site observations that PCT had made. Mainly, the
issue was that, “…the IAPS system at EBRU is configured as a demonstration facility and as such does
NOT operate as might be expected for a commercial/municipal plant”. EBRU then went on to clarify
that ‘’…the configuration used at EBRU is specific for its research purposes and needs and is in
relation to what EBRU requires from the adjacent Grahamstown waste-water treatment facility.
Thus, samples taken from the demonstration plant at EBRU should NOT be used to arrive at
conclusions for a fully operational IAPS facility’’. On that note, EBRU offered to provide its own data
for the purpose of the evaluating the IAPS [112].
EBRU then dismissed all the contents of PCT’s report, “EBRU regards all further discussions in the
report as superfluous as the obtained and duly analysed samples (ONE data point) were from a
system differently configured from that analysed by Wells and that proposed for Bedford”. Then it
offered to reconfigure the whole system and measure some parameters. .”’….even in its reconfigured state the demonstration plant will not ideally resemble what might be implemented at
Bedford or any other site. EBRU will however, endeavour to insure that the plant resembles as
closely as possible a “real life” operation at the time of sampling’’ [112]
5.1.6

AD Municipality opts for the conventional Activated Sludge plant

On the 9th of April, Dekkar prepared a conceptual design for Morgan Bay. The same month, he made
an evaluation of the Bedford site in which he compared the IAPS against an Activated Sludge system
[78]. About a month later, AD Municipality opted for the conventional Activated Sludge treatment
against IAPS, leaving the option open for Morgan Bay [107].

5.2

Influence at the level of landscape
“With the rise of sustainable thinking since the 1960s, a more fundamental questioning of
the logic behind current sewage treatment systems emerged” Mvula Trust [108].
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During this period of the journey, the WRC allowed both the Rhodes University and Mvula Trust to
steer the direction the road. Mvula Trust had great expectations of the IAPS in the context of what it
referred to as the “sustainability paradigm” [108, 113]. Mvula Trust not only considered the
discourse of sustainability at the more general level but was also aware of the prevalent local action
plans and programs to operationalize sustainability.

“The IAPS deserve renewed attention because they respond to two issues that are prominent
in the new Strategic Framework for Water for Growth and Sustainable Development15 [108]”

Mvula Trust was optimistic that IAPS would advance the sustainability paradigm. The IAPS would not
only be important for small scale agricultural sector to benefit, but also in the global and local
climate change narratives.

“The IAPS functions within a sustainability framework where the concept of “waste” is
replaced by the concept of “by-products” that can be used. The algal biomass is harvested in
the IAPS and can be used as fertilizer or other applications. The effluent is also available for
agriculture. IAPS innovation is suitable for sustainability, especially in the field of electricity
use and methane capture – both applicable to climate change” [109].

Focussing on climate change, Mvula Trust was also optimistic.
“Due to the increased public awareness of climate change, this aspect of the IAPS is receiving
increasing attention. Methane and biogas capturing is an attractive option, both for direct
benefits from using the methane and for possible support within the Clean Development
Mechanism. The IAPS has very low electricity use and as a result, contributes very little to
climate change. With methane capture and “carbon dioxide scrubbing” from the atmosphere
by algae, the IAPS could make a positive contribution to the lessening of climate
change”[113].

During the Calgary debate (Section 5.1.3) Rhodes University also indicated that it was now interested
in the prospects of the possible role of the IAPS in the global climate change narratives.

15

http://www.dwa.gov.za/WFGD/documents/WfGDFrameworkMay08.pdf
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5.3

Internal niche processes (2008 – 2010)

5.3.1

Unshared visions, mixed expectations

Although the IAPS had failed to meet some of the WRC and EBRU’s expectations, this did not lower
down their high expectations on the ability of the technology. Despite the fact that the regulatory
standard had not been met, EBRU and the WRC’s expectations on the technology were still high. The
WRC said that the technology was ready for uptake and decided to test it with AD Municipality. As a
result, the WRC funded an NGO, Mvula Trust to help facilitate the acceptance of the technology by
AD Municipality.

When Mvula Trust entered the scene, it had its own expectations of the technology which were even
higher. Its vision and expectation was articulated in a mayoral paper through which it would seek
some political audience with AD Municipality. The vision was that of creating wealth for small
communities through IAPS, and so not only to confine the technology to wastewater treatment
[108].
“ Integrated Algal Ponds Systems (IAPS) provide an affordable, easy to operate solution to
current challenges experienced with wastewater treatment…it can provide valuable inputs
for local economic development and thus livelihoods enhancing activities linked to the
products of IAPS – clean water and algal biomass” [108].
Mvula Trust had done its own investigation and realised that the DWAF was not willing to
compromise on one of its standards that the IAPS had failed to meet.
“Informal discussions indicate that IAPS have been discussed within DWAF, but that some
opposition emerged” [108].
Mvula Trust realised the challenge ahead of them. They were also well versed with the real
challenges of wastewater treatment in South Africa. This became another source of Mvula Trust’s
expectation that serious advocacy work would result in the DWAF and other stakeholders realising
other potential benefits of the IAPS, besides meeting the COD standard.
“..It may be expected that serious advocacy work and knowledge sharing about the practical
applications and achievements of IAPS in field conditions would be necessary to remove this
perception” [108].
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As a result of its high expectations, Mvula Trust drafted its own model of introducing the IAPS to the
municipality and to the people. In this model, there was a need to factor in those stakeholders who
would economically and socially benefit from the IAPS.

It was at this point that Mvula Trust drew in a wider network of stakeholders and the course of
journey became a debate of choosing between the IAPS and activated sludge (chapter five). The
debate was a heated one, revealing first that those stakeholders who were advising AD
Municipality against taking up the IAPS were arguing that first the visions of the EBRU differed
from the vision of ADM which was being encouraged to adopt the technology and second, their
own expectation of the IAPS was very low, because EBRU and WRC’s high expectations had been
proven otherwise. During this phase of the journey which ran from 2008 to 2010, expectations
about the technology were varied. Confusion over visions and failed expectations became one
factor that contributed to the non-acceptance of the IAPS by the AD Municipality.
Unshared visions
Although the vision of the EBRU and the WRC had not been articulated explicitly in 1992, the
existence of a vision became important in 1995. At that period, it turned out that because Rhodes
University’s vision had changed over time and was not in line with the vision of other stakeholders
then the stakeholder would not take up the IAPS as developed by the Rhodes University.

In its report after evaluating the IAPS at EBRU as detailed above, PCT in trying to describe how the
EBRU had introduced the IAPS during the debate at Calgary said the following:

“The EBRU presentation by Professor K Cowan introduced the HRAP concept by reference to
the history of the Unit where the primary focus was on water remediation and now moves to
biological processes to affect treatment (or beneficiation). It was stated that the focus should
be on reducing energy losses. In terms of the Amathole District Municipality workshop the
emphasis was on presenting the HRAP system and the potential to generate beneficial
products out of waste treatment” [110].

What PCT was trying to say here was that the overall vision of the EBRU did not match with the
vision or expectation of AD Municipality. Professor Keith Cowan of the EBU wrote a counter letter to
the report written by PCT. In the letter, he started by clarifying EBRU’s vision, which he felt had been
deliberately misinterpreted by PCT.
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“This is a correct interpretation of EBRU, its present function, and its current vision but an
incorrect assumption with respect to implementation of IAPS at Bedford. The current vision
of EBRU which includes derivation of energy from waste-water treatment for municipal use
differs from the vision established for EBRU when it functioned within Rhodes University as a
research unit (i.e. until 1995-2008). Even so, we fail to see how the present vision for EBRU
diminishes its prior contribution and any future contribution to research and development on
the Integrated Algal Ponding System (IAPS) for the purposes of treating domestic effluent.
Furthermore, the EBRU vision was presented simply as background and to introduce the new
director (Professor Cowan) and to elaborate current and future activities of the institute”
[112].
During the debate at Calgary, EBRU had also shown that it was flexible and could at any given
moment alter its expectations about IAPS. As an example, the idea of carbon credits being
associated with IAPS was lucrative to them.
Mixed expectations
In 2008 PCT, on a mission by AD Municipality has visited the EBRU IAPS station. On the days in
question, PCT made some sight observation and collected some samples for analysis. But this was
disputed by EBRU, which did not expect the IAPS at Grahamstown to be treated as a typical
wastewater treatment plant;

“The IAPS system at EBRU is configured as a demonstration facility and as such does NOT
operate as might be expected for a commercial / municipal plant. Thus, samples taken from
the demonstration plant at EBRU should NOT be used to arrive at conclusions for a fully
operational IAPS facility” [112].

It turned out the samples that PCT had collected on the day in questions had shown that effluent
from the pilot IAPS did not meet the standards. The regulatory body, the DWAF had refused to lower
the standards, engineers whom for their own reasons preferred Waste Stabilisation Ponds or
Activated Sludge Systems found an opportunity to advice AD Municipality against the uptake of the
technology.
Vested interests

Taking from this case it has been shown that the arguments for and against the IAPS ended up
embroiled in interpretations of visions and expectation. It is also true that really because the
IAPS had failed to meet the DWAF standards, stakeholders were afraid of implementing them.
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This was shown 4.3.1 when an engineer in a municipality highlighted that the DWAF was not going
to discriminate when punishing local authorities for pollution coming from either IAPS or
conventional systems. However, it is also important to show that there could be other factors

that may have compelled stakeholders to argue that expectations were misaligned and also to
scrutinise and discover that visions were not in line.

“Private engineering firms are set up to make profits and not to solve water quality
problems, but to make profits by solving water quality problems. The bottom line is profits.
So the engineering firms make its income of a percentage of the capital costs, of the project.
There is also a problem in that as well, a problem of corruption. The problem with these
infrastructural asserts is that from the municipal side, they will want to get money and get
kickbacks. Maybe the problem could have been solved by management or maintenance of
existing plants but then building a new capital assert becomes more suitable for the reason
of corruption. According to the statistics and from research, we do have that problem in our
country though I personally have not been exposed to it” [114].

From this discussion, it can be argued that vested interested could also have been at play. The same
issue crops up in the next chapter of this report in which the third period of the road is discussed.
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5.3.2

Changing network

Period 2: Engaging Amathole District Municipality (2008 – 2010)
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Figure 12. Network of actors during the second period

During this period, the network became broader than what it was like in the first period. The WRC
and the Rhodes University remained dominant. The WRC provided money so that an NGO, Mvula
Trust would widely engage stakeholders in a bid to lobby AD Municipality into taking up the IAPS for
municipal wastewater treatment. Mvula Trust created a platform where the entire stakeholders
could converge and exchange knowledge on the IAPS.
Private engineers were sucked in. There was a group of private engineers who were ready to accept
the IAPS. First, KV3 which had been contracted by the RU to design the proposed IAPS for AD
Municipality defended the IAPS. The municipality here was being encouraged to take up this
technology and to make a choice between Activated Sludge and IAPS. The municipality chose
Activated Sludge. Some of the reasons why the IAPS was rejected are described below.

During this period, from the first instance, the DWAF becomes a major stakeholder. DWAF knew and
also realised from discussions that the IAPS were not going to meet one of its effluent discharge
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standard (i.e. pertaining to COD). The DWAF refused to lower the standards for the sake of this
technology. Further, sometime before, Snyman and Van Niekerk on consultation by the WRC had
developed a decision making support system for rural municipalities making a choices on which
wastewater treatment works to invest in. In that manual, ponds were considered appropriate for
rural communities. They were however said to be expensive to construct but cheap to maintain
[108]. This manual was important, as “a DWAF and WRC approved decision making system, it could
be expected to be influential in municipal decision making. The manual does not mention the IAPS
system” [108].

In other words, it can be said that the DWAF refused to recognise IAPS in its guidelines and
legitimised the inferiority of ponds. During the debate at Calgary, private engineers were worried
about “professional indemnity” when it comes to the IAPS.
5.3.3

Learning processes

During this period, we see an expanded network, which consist also of a district municipality. To
confirm that one of the primary intended user of the technology, the municipalities had not been
actively and adequately involved in the research in the first period, councillor Mtongwana during
the Calgary debate stood up to officiate the meeting:
“AD Municipality is a learning institution, interested in a solution that is appropriate in all
respects, including financially and socially. AD Municipality faces challenges in sanitation and
is looking for solutions.” [109]
From this statement, it can be shown that for the municipalities, learning about the new technology
had been limited. Further, from interviews it could be seen that for the engineers and technical
people, learning was supposed to be more than just been exposed to the IAPS experiments that
were done the EBRU;
“There has been an exodus of technical skills, engineers, from municipalities. That means
that the municipality are weak clients, and are not in a position to make critical assessments
of the types of solutions that are proposed by the engineers...
“Another factor is that you have the engineering firms, they are they are western, they like to
follow the best practice in the first world, they want to implement first world technology, and
ignore the third world operational conditions” [114].
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Interviewing a very senior engineer with Makana Municipality who worked at the GDW where the
IAPS operated by EBRU is situated, he said;

“The thing is I don’t know much about that algae thing (IAPS)... we can be able to operate
Activated Sludge, we know how to because we have done that at school. But with these new
ones like the algae project, we have not heard anything about them, it is only now that I
went there like I was saying, it was the first time that I saw the algae project” [105].
The first period of the road (chapter four), had resulted in an enormous amount of technical
knowledge. Nevertheless, these lessons could hardly be applied to the construction of new IAPS
plants, because both the funder, WRC and the regulator, DWAF had lost faith in the IAPS (i.e. the
technology did not perform to their expectations) after the technology failed to meet the disposal
standards. Rhodes University however continued with high expectations on the potential of the
technology. Overall, one of the reasons why IAPS were rejected at this period of the journey was
partly because technical expectations of the technology were still under debate.

Page | 74

CHAPTER 6

ENGAGING DHLAMBE MUNICIPALITY (2006 -2010)

This chapter describes and analyses the third period of the road to golden ponds in South Africa. In
February 2006, the Rhodes University’s Department of Environmental Sciences together with the
Environmental Biotechnology Research Unit (EBRU) wrote a project proposal. The project proposal
was entitled, “Demonstration of Integrated Algal Ponding System (IAPS) technology for the polishing
and beneficiation of effluent from municipal sewage treatment facilities”. The project aimed to
build an IAPS, initially, at a farm near Kenton-on-Sea in the Eastern Cape (South Africa) and then at
other places as the technology was seen to be applicable to other Western Indian Ocean 16(WIO)
countries [115].

6.1

The proposal

The project would be supported by the United Nations Environment Programme (UNEP). Initially,
the initiative would investigate the feasibility of a demonstration-scale application of the IAPS
concept at the Bushman’s River Sewage Treatment Works and the surrounding Marselle community.
This small resort town frequently experienced severe water shortages and droughts. It relied heavily
on an expensive reverse osmosis process to meet potable water supply demands and had a very
high unemployment rate [116]. The high unemployment rate in the community was because the
only activity that could be done was tourism [117].
The sewage treatment works in the community was then polluting its major tourist draw-card, the
Bushman’s River estuary. An IAPS demonstration plant was therefore planned to take care of the
sewage treatment and to be linked to an existing horticulture job creation programme in the
community (Figure 13). Additional entrepreneurial opportunities would include high-value
horticulture, agriculture and mari-culture. As a result, the aim of the project was to demonstrate the
possible profitability of sewage treatment works using IAPS for local communities in South Africa
[116].

16

Western Indian Ocean (WIO) countries, most of which are Party to the Nairobi Convention for the
protection, management and development of the coastal and marine environment in Eastern Africa , include
Kenya, Tanzania, Mozambique, South Africa, Seychelles, Comoros, Madagascar and Mauritius.
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Figure 13. An Independent HRAP as a retrofit to a poorly managed sewage system. This was the proposed model for the
Marselle community in Ndlambe Municipality [116]

The project would involve 4 partners. The first partner was the EBRU. The EBRU staff had among
other roles to design, to operate and to provide on-going technical support of the treatment units.
EBRU would also provide the laboratory facilities and experts for analysing the samples, some
training on pond maintenance and would chair the proposed project steering committee. K Wilmot,
an owner of the land on which the project would take place was the second partner. He would
support the project in-kind, for example, he would lend the project some digging machinery [115].
The third important partner in the project was Dhlambe Municipality itself.
The Marselle community is located on the banks of the
Bushmans River (Kenton-on-Sea) and the sewage
treatment facility for this community, located on
private land owned by Mr K Wilmot, is currently
producing treated effluent that poses a threat to the
quality of water in the river and, therefore, the coastal
waters at Kenton. The community of Marselle are
currently involved in a vegetable gardening project and
as such, this location provides the ideal setting for the
proposed project
Source: Whittington-Jones (2006)
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The last, however not least stakeholder in
the project was the Marselle Vegetable
Farming Project.

This community group

would use the polished water to irrigate
their vegetables and the algal biomass
processed into fertiliser to grow their
vegetables. The project was estimated at
198756 United States Dollars of which the

UNEP would provide 136 256 Dollars. As for the rest, the stakeholders would provide in kind. Having
realised that that the advantages of the IAPS had been “proven” at the EBRU, the purpose of the
project would be to demonstrate the benefit of the system to coastal communities [115].
6.1.1

The intended objectives

The proposed project had a number of objectives of which the overall objective was to establish and
evaluate a demonstration IAPS facility in order to assess the potential importance for local
communities and training of the local communities in the operation of the IAPS and beneficiation
projects. Some of the specific objectives were as follows:


To design and to establish a demonstration-scale freshwater IAPS-based facility for the
polishing of effluent from the existing municipal sewage treatment works



To use the demonstration facility to inform representatives from participating West Indian
Ocean (WIO) countries about the benefits and applicability of the IAPS technology including
the improved treatment of municipal wastewater, subsidising the treatment of wastewater
and local / regional economic development through links with crop production



To train local entrepreneurs and vegetable growers to be able to maintain the IAPS, as well
as the harvesting and optimal use of the algal biomass as a fertiliser for a community
vegetable gardening project



To evaluate alternative methods for harvesting and processing algal biomass and to
demonstrate that the technology is the most appropriate in the context of a developing
country;



To monitor the quality of polished effluent from the pilot-scale IAPS-based facility and then
to assess the suitability of IAPS-generated algal for use as a fertiliser compared to
alternative products;



To prepare an economic cost-benefit analysis of the IAPS technology if used for the polishing
of municipal wastewater in smaller communities.

For this project, advocates of the IAPS mentioned that it had the ability to achieve and to maintain
the desired standard of wastewater treatment and it would offer other advantages, making it
particularly applicable to users in developing countries [115].
6.1.2

How it would be implemented

The project would be implemented in phases. In the first phase of the project, support would be
sought from all stakeholders. Four key stakeholders were identified, not including the financial
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supporter of the project which was UNEP. The key stakeholders namely the local municipality
(Ndlambe Municipality), the land owner (Mr K Wilmot) and the Marselle Vegetable Growers
Association provided some written support for the project [115]. Although the project had been
initiated by the EBRU staff, a steering committee was formed and considered vital to the success of
the project. The steering committee would ensure the support of the stakeholders and that the
project continues after UNEP’s funding had stopped [115].
6.1.2.1 The construction of the plant
The next phase of the project would be the construction of the plant. The demonstration IAPS plant
would be constructed outdoors. It would be located next to, and receiving some treated effluent
from the sewage treatment facility that was serving the Marselle community. The IAPS would be at a
demonstration scale, and when the funds become available, it would be expanded. The plant would
consist of one or more HRAPs and the design would be similar to that of the demonstration-scale
HRAPs that was already in operation at the EBRU field station at the Grahamstown Sewage
treatment works (Section 4.1) [115].

It is during the construction phase that, a suitable person would be identified from the Marselle
community. This person would be trained in the daily maintenance and operation of the HRAPs. This
person would also visit and operate the EBRU’s IAPS in order to gain some practical training [115].
6.1.2.2 Operation of the plant
After commissioning, the plant would be operated and then harvesting of the algae would follow.
The plant operator would be trained by Ms Horan and the EBRU. Training would mostly be on the
harvesting of algae. The operator would then test a number of harvesting alternatives. At the same
time, members of the Marselle Vegetable Farming Project would be trained on the correct
application of the algal fertiliser to various types of crops which they would grow. From the
commissioning day, quality of the treated water would be monitored by experienced EBRU staff at
the EBRU laboratory [115].

As the primary aim of the project would be to demonstrate the applicability of IAPS technology to
potential users from the WIO region, the steering committee would then facilitate that the
representatives of participating countries visit the facility as soon as it is operational.
Representatives of other local municipalities would also be invited to visit the demonstration project
[115].

Page | 78

6.1.2.3 Cost-benefit analysis and identification of alternative markets
This would be the last phase of the project. After about eighteen months of establishing the project,
its economic value would be established. This would be for the benefit of other municipalities or
other countries wanting to implement the same project. This part of the project would involve an
environmental & agricultural economist from Rhodes University. This economist’s study would
consider the capital and operational costs of the HRAP / IAPS technology (US$/volume water
treated), direct market value of algal biomass as a fertiliser (based on value of equivalent quality of
conventional chemical fertiliser) and indirect value through the use of treated water and sale of
vegetable crops. Through this final stage of the project it would be possible “to demonstrate that
the treatment of municipal wastewater need not be seen as an end in itself and financial burden but
rather as a part of an integrated municipal waste management mechanism with the potential to
make a significant contribution to local economies” [115].
6.1.3

The project started, then abandoned

The United Nations Environmental Program (UNEP), who would fund the project, was optimistic
about the project as shown by the following extract which came from one of its publications:
“The project aims at demonstrating the benefits of the Integrated Algal Ponding System
(IAPS) technology to coastal communities. IAPS technology is a potentially effective method
for the treatment of municipal wastewater and for polishing of treated effluent from
conventional sewage treatment systems. Advantages of this technology are its low cost, ease
of operation and the production of algal biomass (freshwater or marine) as a by-product,
which is of commercial value as a fertilizer and a protein-rich animal feed” [118].
6.1.3.1 Year 2006
In 2006, reporting on the status and progress of implementation, UNEP reported that the design and
feasibility analysis of the project had been completed. However, stakeholder consultations were still
going on. During stakeholder consultations, it was reported that conflicts between stakeholders had
come up and needed to be resolved before the project could actually be started [119].
6.1.3.2 Year 2007
In 2007, UNEP again reported that the design and feasibility analysis had been completed and final
stakeholder consultations were still going on. During stakeholder consultations, conflicts between
stakeholders had intensified and needed to be resolved before the project could be started.
However, in the midst of the conflicts, the land-owner (private sector) had committed to financially
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and practically support implementation of the project. However, at that moment, it was unclear
whether the issues could be resolved so that the project could be put into action [120] .
6.1.3.3 November 2010
In November 2010, UNEP finally reported that the project had been abandoned “owing to the
breakdown of trust amongst key stakeholders’’. [121].
6.1.4

Nature of the disagreements

The project had to be abandoned. From documents, I tried in vain to find some information that
could reveal the nature of the disagreements. However, a number of people who partly had been
involved with the project had their own views about the issue. Some flatly refused to talk about it.
6.1.4.1 Source 117
“The only form of employment there was the tourism industry, people come down on
holiday. So we put forward this proposal, and then it was shipwrecked because the political
will was not there. These councillors wanted the money that UNEP, the United Nations
Environmental Programme, had put forward. Rhodes said no; let that money be put into
Rhodes University bank account. The councillors wanted to put the money into their pocket.
So that was the major problem. The whole project was going to be paid for, but then the
councillors, were not going to have their back pockets full of money. The project would have
been done and paid for, but if the councillors were not going to get their back pockets full of
money; they were not interested in the project. That would have been an interesting project
which was going to be an example of a community development project. What would have
been included in the project were chickens and also fertiliser from the algae would be made,
then the vegetables. We even had supermarkets interested, they were prepared to buy the
chickens. So the community suffered because of the councillors”.
6.1.4.2 Source 218
‘’Basically in a simplified version of what happened, with that project was that, UNEP
required that we find people to match their contribution. Let us say like 50% of the project
finance, and we had to find other stakeholders to put in an equivalent amount for the project
and that could either be hard cash or in this case it wasn’t, it was going to be more like in
kind, which is the time. So communities would put in their time. We would value their time

17
18

Personal Interview
Personal Interview
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and contribution. So it was an in-kind contribution to the project. The other key stakeholder
was the owner of the land, and in fact the owner of the water itself. This private individual
had been given authority to use the water so he was quite keen to drive the project and he
was willing to cover a large part of the construction cost but in the end what happened was
that, the communities were unhappy with this individual’s involvement and the fact that he
was going to use his own construction company rather than one of the other ones in the
community. That is where the tensions were coming in, so it was a highly complex situation,
and basically it was that the stakeholders did not see eye to eye.
“And so we tried a number of different options to get around that problem, and ultimately
the municipality had its own issues. There were some internal political issues there, around
possibly vested interest and things like that. So for quite some complex reasons it did not go
ahead and it was evolving around the funding issue and who was willing to work with who
and who was not willing to work with whom.
“The real cracks came because of the historical tensions between the stakeholders which are
not specifically related to this project, it is more historical things that always rise up during
this project again”.
6.1.4.3 Source 319
“I was peripheral to that process because I came in at the end of that. I think there was a lot
of social and political dynamics which were key to addressing before Rhodes University was
capable of navigating. Rhodes University coming from a technical scientific perspective, they
did not have an understanding of the socio economic context of it.

“That typical area of South Africa is particularly polarised. But let me give you an example
from your home. Imagine you had white commercial farmers within the network trying to
implement a technology in rural Zimbabwe in a sort of ZANU20 dominated council. Then the
white farmers were not mindful of what we call sensitivity. I am not really familiar with
Zimbabwe and the Zimbabwean dynamics but in simple terms, Rhodes University came from
the white farming culture, or socio environment, and they went into a younger black political
environment. So a lot of the issues that are not about the project or the technology came up,
social issues around land and stuff. You will find out that across South Africa it is not possible
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Zimbabwe African National Union Patriotic Front (ZANU PF) A political party in Zimbabwe.
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to navigate that by any means, you have to have a different outlook, than they have. So the
project became a platform to play that particular conflict’’.

6.2

Influence at the level of landscape

The third period was short relative to other periods. Rhodes University was steering the direction of
the experiments. There was not enough evidence that revealed any influence on the road at the
level of the landscape

6.3

Internal niche processes (2006 – 2010)

6.3.1

Was the community expected to benefit?

When Rhodes University sought some funding from UNEP to implement the IAPS with Ndlambe
Municipality it was an opportunity to test the high expectation concerning the benefits of the
technology to the community. However, it turned out that within the South African sociopolitical context involving the community directly with wastewater treatment can sometimes
result in challenges that had to be resolved before it can be done fully. Although the network
involved at this stage was smaller compared to the one in the previous period, it can be noted
that the finances to implement this project were available. However, the expectations of the
stakeholders were very different and entrenched within the deep political and historical
interests of the stakeholders (Section 4.2.2). IAPS had long been associated with possible
benefits to the community. Expectations had all along been high that the community could
benefit for example as construction was seen to be simple. The community had their own
construction company and they expected to benefit from the construction to the
implementation stage. The landowner also wanted to benefit from the construction. Conflicts
arose. As a result, the project was abandoned at a stage when even stakeholder consultation
had not taken place completely.
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6.3.2

Changing network

Period 3: Engaging Dhlambe Municipality (2006 to 2010)
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Figure 14. Network of actors in the third period

During this period, the Rhodes University, through its department of Environmental Sciences (this
department is separate from the EBRU which was awarded the status of an institute) remains the
dominant player. However, this time it seeks for some funding from the UNEP, an international
organization. The purpose of Rhodes University here is not to do research but to offer some
professional guidance. Rhodes’ expectations about the technology were very high and the university
had concluded that this technology was applicable to municipalities in South Africa. It is important to
note that, although for this research project this period is regarded as a separate period, in real life it
was nearly happening concurrently with the previous period in which AD Municipality was being
engaged. It can therefore be said that the RU as a consistent player in this journey, still had not
considered the social implications of trying to implement this technology.

The UNEP avail its funds through Rhodes University, which had acquired vast experience not with
social aspects of this technology but with the technical aspects. A private land owner became one of
the important stakeholders who would provide the land on which the IAPS would be built, and also
the water to be treated.

During this period, unlike in the last period in which an NGO was involved, we see a community
group surfacing. The Masseille Vegetable Garden would benefit by utilizing the water for irrigation
and the fertilizer for their vegetables. The community in general felt they wanted more. This
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technology had long been described as easy to construct. They also wanted their construction
company to be involved with the construction and not only the landowners’ construction company.
At the stage of trying to harmonize the visions and expectations of all the stakeholders, the project
was abandoned. There were deep historical and political problems which had to be solved before
moving on, albeit very difficult (see 4.2.2).
6.3.3

Learning processes

The third period of the road saw total failure of the attempt to introduce the bigger expectation that
the IAPS would be relevant to the community. A project that had the funding failed to kick off
completely because of serious disagreements amongst stakeholders, which now included the
community. This shows that in the first period of the road (chapter 4), there was limited learning
about societal embedding in the agricultural sectors or in other sectors where the IAPS could gain
significance. Thus, most learning had been first-order, with much focus on technological learning.
The main lesson during this period was that the societal embedding of the IAPS remained
problematic and has not been studied.

By 2010 at the end of the third period, a large amount of data had been collected on the design
and operation of IAPS. A direct lesson was that the IAPS had not met some of the DWAF’s
discharge standard. An indirect lesson was that although the expectation on the potential
benefits of the IAPS were still high, the social, political and historical context of sanitation in
South Africa, would ensure that involving the community as a stakeholder in municipal
wastewater treatment using algae based technologies would be complex.
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CHAPTER 7

DHV ENTERS THE ROAD (2006 TO 2011)

In 2008, EBRU was already in contact with DHV21. In 2008 EBRU requested for some help from DHV
to run the pilot plant at Grahamstown. DHV helped them under it community involvement
programme22 [124]. By 2009, DHV had concluded a business project proposal with EBRU [125].

7.1

Influences at the level of landscape and niches

DHV’s involvement in the IAPS in South Africa was influenced by events that can be analysed at the
landscape and also at the niches level of the MLP. Below, first I analyse three influences, and then I
go on to describe how DHV got to be involved with IAPS in South Africa during the period between
2006 and 2011. After that, I will analyse internal niche processes during the same period.
7.1.1

DHV and the experiments in the Netherlands

Considering the MLP (Figure 1), it can be said that DHV joined the road to IAPS in South Africa with
experience from other experiments which it had been involved in, in the Netherlands. The
experiments in the Netherlands can be considered as other niches involving IAPS.
For many years, each country within the European Union drafted its own wastewater standards.
However, upon realizing that pollution knows no boundary, a collective approach was adopted. In
1990, the European Union (EU) set new standards for water quality which led to the Urban
Wastewater Treatment Directive [126]. In 2000, a new European Directive was formulated. This
directive would improve the quality of surface water and ground water to adequate, sustainable,
desired level by the year 2015. For the near future, it was anticipated that effluent quality would go
to the general quality of surface water itself, below which values where algae bloom could occur.
The standard would then be 2.2 mg/l N and 0.15 mg/l P [126]. Current municipal sewage treatment
plants in the EU which were producing effluent quality which in the future would be unable to meet
the standard would be forced to use new techniques and change the way they view wastewater and
water quality issues [126, 127].
In order to meet the new standards using conventional treatment techniques each municipal
sewage treatment plant, would need high investment and annual operating costs. If for example
sand filters would be used, the cost was estimated to between € 850 million to € 3.2 billion [127]. In
21

. DHV whose headquarters are in the Netherlands, is part of the DHV Group, a company with 75 offices
worldwide, a staff complement of 5300 and whose turnover in 2010 was € 469 million 123.
DHV. Profile.
[cited 2011 June 28]; Available from: http://www.dhv.com/About-us/Profile.
22
Maatschappelijk Verantwoord Ondernemen
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the Netherlands, this prompted the need to develop a technology which can meet the required
standards in the near future but cheaper than the available options now. A system using algae was
seen as a cheaper post-treatment system [127]. The project “Effluent polishing technology with
algae 23 ” was commissioned by STOWA, the regional water authorities HHNK, En mass and
consultancy companies DHV, TAUW, Royal Haskoning, Grontmij, Wittevee en Bos [127].
The goal of this project was to develop an open reactor for the removal of Nitrogen and
Phosphorous

from

waste

water

using

algae.

The project was divided into five work packages, each with clearly measurable partial results. The
regional water authority HHNK and a consultancy company DHV were responsible for a HRAP24 pilot
plant at Alkmaar. The pilot project would develop knowledge about the performance of algae in
municipal wastewater effluent polishing in an open reactor under Dutch climatic conditions [127].

Figure 15. The original configeration of HRAPs at Alkmaar in the Netherlands [127]

At the waste water treatment plant in Alkmaar two HRAPs (basins) were constructed and operated
by DHV and HHNK in parallel according to the schematic diagram in Figure 15. The HRAP was
launched in 2009 and operated in two phases; first phase took place from March 2009 to September
2009. The second phase took place from March 2010 until September 2010 [128].

23
24

Effluentpolishing met algentechnologie
See Notation
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The first results of the project were released in 2010 in the report “Effluent Polishing Technology
with Algae” [127]. In 2011, the second results of the project were released in the main report,
“Effluent Polishing Technology with algae Main Report25” [128].
As DHV was heavily involved in the pilot project at Alkmaar, it had harbored some interests to
commercialize this technology in Africa,
“The application of an HRAP for water treatment in the Netherlands has been studied by
various parties which include STOWA’s study: effluent polishing technology with algae, but
has the higher potential for solar energy in a warm country like South Africa where it has a
greater significance” [6]

26

Figure 16. DHV's Frans Horjous with students touring the HRAPs pilot plant in the Dutch city of Alkmaar [10]

On the 20th of August 2011, addressing scores of students who had come to see the pilot plant, Frans
Horjous told the students that DHV was keen to see this technology being implemented in South
Africa and then in Africa in general where there was more sunlight and space than in the
Netherlands. On the previous day, he had submitted a proposal for some funding to construct a

25
26

Effluentpolishing met algentechnologie Hoofdrapport
See Notation
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demonstration plant in South Africa [129]. On the same day, he told of how the experiments at the
Rhodes University had been successful.
7.1.2

Sustainability

On the 20th of August 2011, as Frans Horjus of DHV addressed scores of students who had come to
see a HRAP pilot plant in Alkmaar in the Netherlands (Figure 15), he asked them, “Who is not talking
of sustainability these day?” [129]. During the same presentation, Frans told the students that DHV
was committed to sustainability and that is one reason why they were interested in the IAPS. On its
website, DHV was already branding IAPS as “the sustainable, low-energy and low-cost alternative”
[130]. Although DHV as a company was being influenced by the discourse of sustainability at a global
level, its interest in IAPS in South Africa were however largely influenced by its involvement in similar
experiments in the Netherlands and the efforts at the Rhodes University (section 7.1.1 above).
7.1.3

Foreign aid policy in the Netherlands

The Netherlands has traditionally been one of the world's most liberal aid donors. For budgetary and
ideological reasons, the country’s aid policy was however considerably updated in 2011. First, the
number of countries to which the Netherlands provides aid was reduced from 33 to 15 countries
[131]. Second, The Netherlands decided to drastically reduce spending on development aid and to
change its focus. This meant that less amount of aid was going to be provided for education and
public health and more aid for agriculture and water management. This is because the Dutch
generally consider themselves experts in these fields. In the process Dutch companies were
expected to benefit largely from any foreign aid activity [132]. Below, it will be seen how this change
in policy in Dutch aid had an effect on the structure of the network in South Africa during this period
of the road.

7.2

DHV enters the road in South Africa

When DHV entered the scene, it looked concerned about the lack of acceptance of the IAPS,
“Despite the progress already made, (with the pilot projects at Rhodes University) it is still
difficult to convince local authorities in South Africa of the major benefits of the IAPS relative
to traditional wastewater treatment methods. Especially lack of experience is a big stumbling
block. Therefore DHV, its South African subsidiary SSI (Steward Scott International), and the
Rhodes University in South Africa are looking for a location for a demonstration project. It is
expected that by mid-2011 construction of the first full-scale installation will begin” [6].
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Figure 17. Frans Horjus of DHV visits Rhodes University [133]

In 2008, a business plan was developed. The focus of DHV was no longer on what had happened
before, but on their possible clients which were the municipalities in South Africa who could buy the
IAPS [124].
In June 2009, Frans Horjus and Paul Gaydon of DHV Netherlands (Figure 17) visited the EBRU, in
Grahamstown South Africa where the pilot plant experiments had taken place [133]. During the visit,
Frans Horjus analysed the Bedford case and concluded that the IAPS has some advantages,
compared to activated sludge systems. For example, the IAPS has a potential to churn 2 mega-litres
of effluent for irrigation, could be constructed at 50% lower price than activated sludge (at a cost of
about 1 million €) and instead of gobbling operating costs, it had a potential of 0,2 million profit per
year. However, according to DHV, Activated Sludge had all along been preferred in South Africa
because of because it had a lot of references and also because its effluent COD values were within
the discharge limits [133]. Together with the EBRU, DHV’s goal became “to apply the knowledge
gained over 15 years in small villages of South Africa” [133].
The DHV business plan was drafted for the year 2010/2011. The objective was to use treated water
first for irrigation purposes. They would start with one demonstration project within a year. This
project would be used for publicity and proof of the principle. Thereafter, 100 sites churning out
approximately 2 mega-litres a year of treated water for irrigation would be constructed within the
following 5 years [133].
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It was therefore suggested in the business plan that Rhodes University would look for an alliance
with an engineering company to ‘’upgrade the image of IAPS system’’ and to market the technology.
Rhodes would look for funding to construct a demonstration project either from the South African or
from an ‘’international’’ government [133].

By 2009, The IAPS was now firmly recognised in the DHV’s portfolio of water treatment products
with its local company SSI being appointed to champion the technology in South Africa [134]. From
its own website, the following extract gives an impression, of how DHV was now a major
stakeholder:

“The sustainable, low-energy and low-cost alternative; More than 10 years of experience
with the cultivation of algae and a lot of experience and expertise in waste water treatment
are being combined in the HRAP system (also called Integrated Algae Pond Systems
IAPS)....DHV offers full consulting and engineering services, backed by scientific institute
EBRU (Environmental Biotechnology Research Institute) of the Rhodes University in South
Africa. We can deliver complete easy-to-operate plants in any contract type preferred by our
clients. Added-value services extend to effective operational support or taking full
responsibility for plant operation and maintenance” [130].
On the 16th of September 2010, DHV submitted its application for funding to build a demonstration
project in South Africa to the Dutch Government’s “Partners for Water Programme” [133]. According
to the information on the Partners for Water Programme’s website;

“The Partners for Water programme provides support to commercial and non-profit
organisations that work together to realise their international objectives in the field of water.
Partners for Water acts as a springboard for organisations that have the courage to venture
into a new region, for example, by applying a new technology or approach. In doing so, they
create international opportunities that have potential both for them and for the Dutch water
sector as a whole”[135]
On the 17th of January 2011, it was announced that the Dutch government had awarded the
engineering consultancy DHV grants for sustainable water projects under the ‘’Partners for Water
Program’’. DHV together with its South African sister company SSI would build a large demonstration
plant for Makana Municipality which is near Grahamstown, to treat wastewater using algae. For this
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project, other Dutch partners would be the Dutch regional water authority, Hoogheemraadschap
Hollands Noorderkwartier (HHNK) and Genap, a Dutch manufacturer of plastic foil that will be used
in the construction of the plant [10].

7.3

Internal Niche processes (2006 – 2011)

7.3.1

Visions and expectations

Whilst from 1992 till 2005, it had been seen that the IAPS had failed to meet the expectation,
around 2006; a private consultancy company, DHV that has a branch in South Africa called SSI
was in contact with the EBRU, assisting the pilot project under its community responsibility
programme. Later, DHV would source some funds from the Dutch Government under the
‘’Partners for Water’’ programme. DHV had some very high expectations of the technology
because of its involvement with a similar project in the Netherlands (section 7.1.1). DHV was
mainly interested in wastewater treatment and not with the benefits that by by-products of the
process would bring to the community. After DHV successfully sourced funds from the Dutch
Government’s ‘Partners for Water programme”, it could be assumed that its vision would
conform to the expectations of the same programme

From the extract on page 70 which shows the vision of the Dutch’s “Partners for Water Programme”,
it can be concluded that DHV, a commercial organisation was now venturing into South Africa, a new
region to apply a new approach, IAPS. According to this expectation, DHV would then create
international opportunity for itself and the Dutch water sector as a whole. As a result, HHNK and
Genap would come in. Coincidentally although this network is related to the “Partners for Water”
expectation, it could on its own ensure that DHV does not engage community actors for the use of
algae, and possibly avert what happened at Dhlambe Municipality (chapter 6). This type of
expectation resulted in DHV taking up the IAPS into its own portfolio of wastewater treatment
products in partnership with the Rhodes University. Other potential stakeholders were left out.
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7.3.2

Changing networks

Period 4: DHV narrows the network (2006-2011)
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Figure 18. Network of actors in the fourth period

DHV had been involved with the IAPS in the Netherlands. On entering the scene, DHV uses its own
money under its social responsibility programme to fund the running of the pilots after the WRC had
concluded the direction of the research with the IAPS at EBRU. Further, in 2011, DHV then secured
some funding from the Dutch Government under the ‘Partners for Water Programme’.

DHV, together with the Rhodes University then dominated this phase. DHV has its own funds. Also,
DHV has its own expertise regarding the technology from its experience with it at Alkmaar in the
Netherlands. As DHV steers the direction of the IAPS, it deliberately narrows the network. DHV is
obliged under the “Partners for Water’’ programme to bring Dutch partners to a project that it may
do in a foreign country, in order to advance Dutch water interests. It brings in the network, HHNK, a
Dutch regional water authority and also Genap a Dutch plastic manufacturer. Contrary to the
previous period where other stakeholders would like to dictate how the funding from UNEP can be
used, we see here DHV having a say on its own funds. As DHV steers the direction of the IAPS, it
deliberately narrows the network (for example by excluding the community groups or NGOs). Having
worked with DHV during my internship at HHNK, it was clear from personal communication with
Frans and Marco, that DHV was not interested in the algae biomass but in wastewater treatment.
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However, only the DWAF is able to influence the network at this point and the type of the
experiments that DHV and EBRU are going to perform because the DWAF had not lowered its
standards concerning the effluent for the sake of the IAPS.

The other reason why DHV and EBRU could not be willing to have wider network at this period could
be the result of negative learning from the third period of this case (chapter 6). Also, DHV does not
explicitly exclude a wider network of stakeholders, because it does not lose anything when the algae
is harvested and used or the treated water is used for irrigation by other stakeholders. As a result, if
the network continues to be narrow at this stage, it is also possible to attribute it to other factors for
which experts had different views;

An environmental manager at a municipality in South Africa said the following:
“At a household level, you don’t put a separate toilet because you have an algal pond at the
end. People there, they say they just want a flash toilet. They do not care how the thing is
treated at the end of the pipe so from that end I think I can exonerate the community. The
problem comes with the municipality officials and technocrats, because believe me or not, it
is not only about communities out there, it is about technocrats mind-set change - you will
find out it is going to be very difficult for them to buy to this (IAPS).” [101].

This suggests that there were in a number of experts in the municipalities themselves who were not
confident of the IAPS. An assistant director of water and sanitation with a municipality in South
Africa said the following:
“If you go outside now and ask the people, do you know any kind of a treatment plant, do
you know what is happening there, have you ever been there? People will say, no. People
don’t even want to go there, they say there are flies there which will kill you, or they say
there are human faeces there. When people go to a toilet they don’t want to look at their
faeces, they just want to flash. That is the kind of a background that is with the people, that I
can’t do this, I can’t go there, as if there is no life there. People are even reluctant to work in
a treatment plant. Recently a learner was sent by the department of public works. Although
he is a volunteer, he was going to be paid 1000 Rand a month, but he refused to work there,
he said it is too smelly. Tell me, there are a lot of students at Rhodes University, how many
times have they gone to that treatment plant? Maybe they don’t even want to go there.
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They just want to go and do their experiments and then come back, they don’t want to stay”
[105].
This suggested unless the community itself or through some NGOs would come forward compelled
by its own urgency; no one was going to invite them to come forward and make use of the algal
biomass. Further including the community with wastewater treatment in South Africa was likely to
have problems given the negative social connotations that handling human waste seems to have in
the country.
7.3.3

Learning processes

When DHV, a powerful organisation (in terms of funding and expertise) entered the scene, it
brought with it some vast experience of the IAPS because it had been involved with the technology
in the Netherlands. It also knows that the IAPS at the EBRU had failed to satisfy the discharge
requirements of the DWAF and that the DWAF was not prepared to lower its standard on COD levels
in effluent from the IAPS. DHV also knows that there had been disagreements as to whether the
IAPS at the EBRU was a demonstration plant or a pilot plant meant for research purposes (i.e. could
it be taken to be a model municipal wastewater treatment plant). DHV then proposed to build a
demonstration plant.
“This system is currently best suited for use in smaller towns where the quantity of treated
sewage generated is less than 2 000 m3/d, which is the limit of application of the Department
of Water Affairs’ (DWA’s) general standard. The first demonstration plant will be an
extension to the Makana municipality’s existing wastewater treatment works and will treat
about 500 m3/d of wastewater to DWA general discharge standards. Complying with the
general treated wastewater discharge standards means that the system will legally only be
able to treat up to 2 000 m3/d of wastewater. However, SSI will research ways, using the
demonstration plant, to improve the discharge quality to meet the DWA’s special treated
wastewater discharge standards, enabling the system to be applied to waste- water
treatment plants in excess of 2 000 m3/d” [136].
However, DHV had its own knowledge about the IAPS and was largely ignorant of what happened in
the USA. I can confirm that on the 11th of January 2011, I was having an informal discussion with a
DHV employee who had been extensively involved with the pilot project at Alkmaar. He all along
though that they were going to be the first company to build a large scale IAPS for municipal
wastewater treatment and he was surprised when we found out that since 1967 such a plant had
been operational in St Helena.
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CHAPTER 8
CONCLUSIONS, DISCUSSION AND
RECOMMENDATIONS
8.1

Introduction

In this chapter I will draw conclusions and answer the research questions on the basis of theoretical
and empirical findings. The research questions were formulated in chapter one. In this chapter, the
conclusions start with a note on how this case is illustrative of actors visibly creating a platform to
debate and then to choose a certain technology over another. This confirms the notion that which
technology is chosen is a result of choices made by social actors. The choices can be influenced by
hidden interests. As a consequence, ethical considerations then come into play. After that, answers
to the research questions are formulated.
The first central question was, from the criteria for prescribing or assessing the experimental
introduction of new sustainable technologies, which aspects can be used to analyse the road
travelled in South Africa from 1992 to 2011, was largely answered in the theoretical framework
Chapter two. In that chapter, it was shown that SNM offers a way to analyse the experimental
introduction of new technologies. It was shown that the three internal niche processes are useful
when the innovation journeys are evaluated ex-post. Further, a broader, MLP is also useful in
analysing the whole transition. In this chapter, I do not dwell on the first central question. Instead,
the conclusion formulates the responses to central questions two and three; a picture of the road to
golden ponds in South Africa is sketched from the lens of SNM and main factors hindering the ready
acceptance of the IAPS evaluated. Simultaneously, recommendations to improve the process are
made. In section 8.4, which is the discussion, the value of the theoretical framework (SNM) for this
research is assessed.

8.2

Conclusions

8.2.1

A conscious choice of technology

The case of “a road to golden ponds in South Africa” has partly illustrated that which technology is
used or adopted is a conscious choice of the actors. We see at one point a real debate, in which
actors consciously converge to debate on which technology could be chosen and which one could be
left out (section 5.1.3). Through this deliberate debate, coupled with other activities and events, we
saw a mix of technical and non-technical barriers preventing the ready uptake of IAPS as an
alternative to Activated Sludge. A conclusion of this research is that both technical and social
aspects were a key barrier to the implementation of IAPS in South Africa. IAPS had failed to conform

Page | 95

to some national municipal wastewater treatment discharge standards. Some actors then took this
as an excuse not to accept the technology. Hiding behind some of these technical shortcomings,
some of the actors actually harboured some hidden financial and power interests. Some engineers
were not prepared to recommend a technology which in their view could compromise their
professional indemnity. At the same time, they were not interested in designing a cheap technology
since their income would be based on the capital cost of the technology. From this case we can
therefore see social actors who consciously choose which technology to promote or to downgrade
based on both technical and social factors. As a result, when we examine the path of technology
development, issues of ethics become inevitable. Taking examples from this case; as the AD
Municipality debate goes on (Section 5.1.3) we see the conduct of PCT who collect evidence from
the EBRU’s IAPS in order to discredit the technology. Also, we see here that only the engineers who
were trained at the EBRU and were exposed to the IAPS were sympathetic to the technology.

SNM helped to identify further and major bottlenecks in the manner in which the road to golden
ponds was travelled between 1992 and 2011 in South Africa as will be shown below.

8.2.2

1992 to 2011 – a road to golden ponds in South Africa from the SNM Perspective

In answering the second central question; how are the steps taken to introduce algae-based
wastewater treatment technologies in South Africa assessed in view of the set assessment criteria,
the following can be concluded;
For the purposes of this study, the journey from mere municipal wastewater treatment to “golden
ponds” in South Africa was distinguished into four periods as shown in Figure 19 below.

Page | 96

35 years
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Figure 19. The road from 1957 till 2011

In the first period, Rhodes University decided to bring IAPS to South Africa for the sake of their own
research interests. Also, the then prevailing discourse of sustainability influenced them to take up
research related to IAPS. Rhodes University then applied for and received some funds from the WRC
which is completely owned by the regulatory authority, the DWAF. At this point, the expectation of
RU and WRC with regards to IAPS were very high. They came from the high expectation that came
up between 1957 and 1992 as Oswald developed the AIWPS27. The same high expectation had
earned Oswald rivalry from other technology developers; especially those who advocated for WSPs.
Rhodes University then conducted some technical experiments with the IAPS. As the experiments
were largely technological, they left out learning about the social embedding of the technology, an
aspect which contributed to the high expectations surrounding IAPS. Although the IAPS failed to
treat municipal wastewater to the requirements of the DWAF standards, expectation regarding the
IAPS remained high and after the experiments at Rhodes University, the IAPS were said to be ready
for uptake by local authorities in South Africa.

27

See Notation
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In the second period, the WRC funded Mvula Trust to engage AD Municipality for the possible
uptake of IAPS. Mvula Trust had high expectations of the technology although its vision was
different. Its focus would be on creating wealth to community groups who would use the algae
biomass and the treated water for farming. As a result, Mvula Trust widened the stakeholder
network and drew in a variety of stakeholders who engaged themselves in a real debate to choose
between IAPS and a conventional Activated Sludge system. During the debate, it was that either one
supported the IAPS or the Activated Sludge system. Those who supported IAPS had at one point or
the other encountered it, for example, engineering firms whose owners had done their PhD studies
with the IAPS pilot plants at the Rhodes University. During the debate it emerged that the IAPS had
not conformed to the national regulatory standards belonging to the DWAF. The DWAF refused to
lower its standards. As a regulatory authority, it had refused to put the IAPS into a guideline of
recommended municipal wastewater treatment technologies. The engineers who argued against the
IAPS argued that they feared for professional indemnity. However, they did not mention that they
had vested interests. Some of these interests, whether known or unknown to them, would also selfbenefit engineers and some other elements in the local authorities who would deal with tender
procedures. Designing a technology with a high capital costs seemed lucrative to a consultant
engineer since his earning would be a percentage of the technology’s capital cost. On the other hand
engineers and a number of employees / councillors in the local authority would likely self-benefit by
manipulating the tender process. After the debate PCT (an engineering company) went on to assess
the IAPS at the EBRU, recommended against its uptake by AD Municipality based on what had been
debated upon and also based upon their own findings at site. PCT also raised issues of inconsistency
on the vision of EBRU as another factor that contributed to its recommendation against IAPS.
Ultimately ADM rejected the IAPS opting for the conventional Activated Sludge system.
In the third period, the network of stakeholders was also wider than in the first period. Rhodes
University requested some funding from the UNEP to construct an IAPS plant for Dhlambe
Municipality. Initially, during the experiments in the first period at the EBRU, social embedding of
the IAPS had not been tested, although it was the source of high expectations associated with the
technology. This period thus became an opportunity to learn about a possible inclusion of
communities or other beneficiaries to municipal wastewater treatment when using IAPS. At this
point, the effect of the social political context of sanitation in South Africa was revealed. This context
was influenced by the country’s history of apartheid. Directly, to this phase, this context created
some serious disagreements among the stakeholders basically on the distribution of benefits arising
out of the project, from construction of the plant to its operation and implementation. Due to the
serious disagreements, the project was ultimately abandoned. Indirectly, a further analysis of the
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historical context also showed that it had shaped some cultural and social perception related to
sanitation in South Africa. Access to sanitation in South Africa was not equal then. Further, working
on a wastewater treatment plant itself and handling human waste was seen as disgraceful.
Then DHV entered the road in the fourth period. DHV knew that IAPS had been rejected by AD
Municipality and that the Dhlambe initiative had failed even before kick-off since DHV was working
closely with EBRU since 2006. DHV also knew that the IAPS was not being widely accepted by local
authorities in South Africa. However, in Europe, DHV had been involved in similar pilot projects in
the Dutch city of Alkmaar. Armed with that knowledge, DHV had high expectation of the IAPS. DHV
drafted a business plan with EBRU, which resulted in the IAPS becoming one product on its portfolio
of wastewater treatment technologies. DHV sought for, and was awarded some money by the Dutch
Government, under the “Partners for Water Programme’’. The network of stakeholders changed
completely. Beyond wastewater treatment, DHV had no interest in algae biomass or any benefit
resulting from it. Due to the nature of the “’Partners for Water Programme” funding, DHV was
obliged to bring external partners into the network so that they benefit. These are a Dutch regional
water authority HHNK and Genap, a Dutch manufacturer of plastic foil that would be used in the
construction of plant at Makana. This approach of the “Partners for water program” which saw DHV
taking with it Dutch companies to South Africa had been influenced by the events at a broader level.
In the Netherlands, policy related to foreign aid had been revised so that it could concentrate on
certain areas of Dutch expertise and also so that it could benefit Dutch companies directly. In 2011,
DHV and EBRU will not take the initiative to create a wider network of stakeholder to benefit from
the algae biomass. On the other hand, it will not refuse the opportunity to any stakeholder who may
want to do so.
From this, I have analysed the steps taken in South Africa to bring a more sustainable technology of
wastewater treatment using algae, in view of SNM theoretical framework. From this analysis it is
then possible to extract crucial factors, which if they had been taken care of in the road so far would
have improved the chances of uptake of the technology in South Africa. I also try to extract from this
analysis, any chances or windows of opportunities available for the IAPS in South Africa. Thus in the
following sections I discussing in more detail crucial factors for the emergence of a market niches for
the IAPS in South Africa.

8.3
Opportunities and hindrances affecting the ready uptake of IAPS in South
Africa
Taking up from the last section, in which the steps taken to bring IAPS in South Africa were analysed
from the SNM framework, I tackle the third central question. The following then can be concluded in
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response to the third central question, what do we learn from the comparison of the analysis of the
road taken so far to introduce algae-based wastewater treatment technologies in South Africa with
the assessment criteria in order to make recommendations that can help improve the process?
By comparing the steps taken in South Africa with SNM, I conclude that first we learn of the
opportunities that IAPS can have in South Africa and second we learn of possible drawbacks of the
process far. From these drawbacks, it is possible to come up with some recommendations.
8.3.1

Opportunities

Section 4.2.2 analysed the influence of the social and political context of sanitation in South Africa,
at the level of the landscape from the MLP. From that analysis, the political history of South Africa
shaped the current social and political context of sanitation in the country. Before independence,
sanitation was used as tool for discrimination. After independence, the government tried to correct
the situation by building houses for the people and installing infrastructure for water borne
sanitation. As more people are connected to water borne sanitation, there is a need for treatment of
water coming from the households. More and more water will need to be treated. For municipal
wastewater treatment, if the IAPS is not used as a whole, it can be retrofitted to an existing
underperforming wastewater treatment plant as had been proposed in the third period of this road
in chapter six.
It was shown that the historical and political context also contributed to shaping the cultural and
social perspective concerning wastewater treatment in which it is seen as humiliating to come near
human waste even at a wastewater treatment plant. If the IAPS is used, as a complete system or as a
retrofit to an existing underperforming plant, there are possibilities of bringing communities closer
to the benefits of human waste as the algal biomass is used to derive such benefits such as fertiliser.
However, currently, from the perspective of SNM, there are a number of interrelated hindrances
that can prevent the full and easy uptake of IAPS by municipalities in South Africa. These hindrances
are discussed below. Recommendations for improvement are simultaneously suggested.
8.3.2

Hindrances and recommendations

8.3.2.1 Protection
 Hindrance – lack of protection
 Recommendation – the national government can protect the IAPS
The academic sector (Rhodes University / EBRU) led the initiative to bring the IAPS to South Africa. It
could be seen that throughout the journey, 1992 to 2011, Rhodes University’s EBRU was present
throughout the changing network. The National Government did play a very crucial role. From the
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very beginning, through the WRC, it funded the experiments at EBRU. Later, it also funded the
attempts for the technology to be taken up by the AD Municipality. These events signify that that
the approach was top down. If the event were top down as suggested, then at the “top”, I feel that
the Government did not succeed in making the conditions right for the technology to be adopted at
the “down” level. Legal room or protection was not guaranteed. The government’s DWAF refused to
lower the discharge standard for the sake of the IAPS. Further, it refused to put the IAPS in its
recognised manual and guideline for recommended municipal wastewater treatment technologies.
Secondly, should national government perform its role of facilitator better in next stages, and then
preparation through good information-delivery is necessary now and should be increased. This is
because as seen, sanitation in South Africa was long developed in a historical and political context of
apartheid which thrived on separation. It was seen that anything that if the national government
would propose anything deemed inferior to previously segregated groups, then they would not
accepted it. By incorporating IAPS in its recommended technologies manual, the government is
taking steps toward de-legitimising demarcations such as inferior or superior in wastewater
treatment.

Protection is an important element in SNM. A “protected space” is vital for path breaking new
innovations to flourish. In the first period, the South African government, through the DWAF’s WRC
offered financial protection to the experiments at the Rhodes University by making available some
grants to fund various experiments. After the experiments were complete, the same refused to offer
institutional protection to the technology. They could not alter the discharge standard pertaining to
COD. Further, other forms of protection were refused. The DWAF refused to include the IAPS in its
handbook and publications of best practices in municipal wastewater treatment in South Africa. In
5.1.3, a senior engineer in Makana Municipality commented that at the moment, it would not
matter whether pollution comes from a conventional technology or from the IAPS, the regulator
would punish them the same if standards were not adhered to. A recommendation is that the
DWAF should lower the standards for the sake of IAPS until such a time when through research in
South Africa, the technology is able to treat wastewater to the required standards. The DWAF can
also initiate training schemes for local authorities and also include the technology in its best practice
publications.

Further, it was shown in section 4.2.2 that in South Africa, handling of human waste can be seen as
derogatory, even when working on a wastewater treatment plant. If the benefits of IAPS such as
treated wastewater and algae based fertiliser are to be useful in communities, then communities
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will need to come closer to human waste and wastewater. In the fourth period, although the narrow
network would exclude the community and NGOs, it was also concluded that had it been the
community had some form of urgency, it was free to join and make use of the products. This lack of
urgency by the community was analysed from the view that it shuns human waste culturally and also
in view of the effects of a history of separation and sanitation in South Africa. This means that IAPS
lack cultural protection. A recommendation would be for social groups in South Africa to begin
making statements that link community benefits with IAPS. As shown in chapter five, Mvula Trust did
that and attempted to give the message to a wider network of stakeholder that included
representatives of councillors. The same strategy can be extended via social groups such as
environmental groups in the country.

It was also shown from the social and political context of sanitation in South Africa (Section 5.1.4)
that IAPS need some political protection. Political statements praising the benefits of IAPS had been
limited to official opening ceremonies of IAPS experiment at EBRU and other places. However,
recommendations from this study are that there should be more statements that link the benefits of
IAPS to political goals of major political parties in South Africa. There is also need for an explicit
mention of this technology in white policy papers.
8.3.2.2 Managing the network and problem definition


Hindrance – narrow network, problem not properly defined



Recommendation – proponent of the IAPS should broaden the network, define the
problem properly

Comparing the current networks around the introduction of IAPS in South Africa with concepts of
SNM in literature we find a weak point; a narrow network which excludes stakeholders who can
benefit from the algae biomass. This leads to a recommendation to the proponents of IAPS that the
users of algal biomass should be included from the very beginning. Really, is there a market for algae
biomass? It has been shown that speculations were that algae biomass can be used in relation to
other various regimes. For example, it can be used in agriculture to boost yields. By extracting oil
from the algae, or by capturing methane, the issue of biofuels and also of carbon credits comes into
play. It was assumed at the beginning of the experiments that algae in South Africa would be useful
in community agriculture.

What can be seen from this case is that if algae biomass is useful and is vital for the advancement of
IAPS as a sustainable technology, then the users of the biomass were not in any case involved from
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the early stages. If algae biomass is to be used as a fertiliser, is the market there? But whether a
market exists or not, that is not a problem of local authorities in South Africa because they have
never had income from selling commodities arising from wastewater treatment. Therefore the
question is, for what reason should the algae biomass be important in the discussion around IAPS?
Although the market for algae biomass products (fertiliser, oil, energy etc.) is not there currently, in
the future it may exist. Finding answers as to how to grow algae for biofuels from municipal
wastewater treatment now would help solve future problems in the future if the market will exist.

As shown in chapter seven, in 2011, DHV will construct and operate an IAPS demonstration plant.
What has been discussed already has implications for the experiments that conducted with that
demonstration plant. It also has an implication on the debate surrounding the definition of the
problem. It was shown how academics have argued on the relevance of IAPS in line with whether
biomass was in demand or not. At the moment an answer as to whether algae biomass is relevant or
not is required. This will determine the management of the network, e.g. how wide the network
should be. Should algae biomass users be incorporated now or later? This should also indicate
whether promoting the IAPS on the basis of the usefulness of algae biomass is worthwhile or not. If
algae biomass is important, then that argument should be left out, if it is important, then it should
help strengthen the uptake of IAPS. It is important to note that this argument has been at the centre
of the high expectations that were associated with algae and partly contributed to its failed attempt
with the AD Municipality. Gaining a solid ground on what happens to the algal biomass is important
not only for the purposes of solving later problems (e.g. when algae biomass products becomes
important), but also to close the loop in the storyline of sustainable wastewater treatment.
8.3.2.3 Vested interests


Hindrance – hidden interests



Recommendation – bottom up approaches and ethical considerations

As private engineering companies in South Africa design conventional sewage treatment plants, they
harbour strong and vested interests. Conventional sewage systems are expensive in that they
require huge capital costs. This is attractive for generating more profits and creates a condition for
some elements in the local authorities to manipulate the procurement process to their own gains.
The excuse was that IAPS at the Rhodes University had proved that they could not comply with the
DWAF standards. We also see the nature of academic debates related to the technology. Deliberate
negative debates against IAPS (probably for economic interests or academic prestige) have been
used in this case by engineers who were also keen to reject IAPS for personal interests. It is
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important to note that in some cases, when disputes take place about possible technological
pathways, especially in the field of water and sanitation and other human development fields, it is
those who really need the solution who ultimately suffer. When comparing the IAPS to Waste
Stabilisation Ponds, there is no need to outcompete each other when the objective is for the
common good28.

Realising that the experts’ acceptance of technologies such as IAPS is affected by hidden interests,
local and central government can take the initiative to initiate bottom up approaches, in which the
communities, potential beneficiaries or NGOs can be involved. The objective is not to bypass these
biased companies. A recommendation is that in the process, the companies should collaborate with
the government, community and NGOs after efforts have been made to sensitise them of the
positive role that they can play in the acceptance of IAPS in South Africa. From the case, taken from
a positive perspective, DHV, albeit its unknown interests, is one company that is making efforts to
bring IAPS to South Africa, via some collaboration with a government research institution (EBRU).
8.3.2.4 Learning


Hindrance – narrow learning



Recommendation – broaden the learning

We see in this case that there were no broad learning processes in the first period involving the
experiments at the EBRU. As a result, Rhodes University tried to implement the IAPS with Dhlambe
Municipality in the third period by involving the community. The project totally failed. It can be
argued that this could have been another reason why DHV in the fourth period of the journey would
keep the network narrow apart from the reason related to the dictates of its source of funds for this
particular project.
From this comes also the recommendation that it needs to be established whether the great
expectation surrounding IAPS benefiting other stakeholders and the community is valid. If it is not
valid, let it be dropped as an argument for the IAPS. This will ensure that there is a “correct”
composition of the network at any given moment, in terms of ideal SNM. In terms of SNM, an ideal
network consists of a wide network encompassing, both experts and lay stakeholders.

28

The

The same opinion was given by Letinga, G when he commented on the nature of arguments between
decentralised and centralised sanitation specialised groups. See page 8 of: Lettinga, G., P. Lens, and G. Zeeman,
Environmental technologies for sustainable development, in Decentralised Sanitation and Reuse: Concepts,
systems and implementation, P. Lens, G. Lettinga, and G. Zeeman, Editors. 2001, IWA Publishing: London
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involvement of relative outsiders is considered important for second order learning whilst alignment
within the network is facilitated through regular interactions between the actors.

8.4

A discussion on the used theory

The journey described in this thesis did not use SNM prescriptively or deliberately as a
management tool. SNM and the MLP have complemented each other in this research to come to a
useful analysis ex-post. Niches do not come to exist on their own but are created by social actors.
They come about as a result of social action by actors. Key internal processes in SNM are articulating
visions and expectations, networking and learning. For the internal niche processes, I would like to
discuss how my cases confirms or refutes some findings from previous SNM research. It is true that
this case is not a formal transition process, i.e. SNM is not implemented prescriptively. Even if the
case had implemented SNM prescriptively, the outcome would not have been as orderly as the
theory suggests.

In chapter two, it was shown how SNM emerged from evolutionary economics and CTA. Social
constructivists have been criticised for possessing a clear and defined picture of society. To them,
society has no secrets as they are well versed with various power and economic interests of actors
for example. By using SNM, I realised that I was able to decipher a number of hidden things from the
reasons why certain things were done, to visions and to interests of stakeholders. SNM left me with
an option to subjectively select events that would suit my line of argument. Below, I discuss how this
case supports certain aspects of SNM as a theoretical framework.
8.4.1

Visions and expectations

SNM research has previously shown that expectations play a crucial role in niche development. SNM
literature often suggests that expectations and visions are shaped by external circumstances in the
regime and landscape (MLP). In this case we first see the expectation in first period, being influenced
by external circumstances, i.e. the prevailing discourse in sustainability. Expectations were also
shaped by the work of Oswald in the USA even before the prevalence of the sustainability discourse.
It was notable that throughout the journey from 1992 to 2011, the high expectations were never
reduced because of negative results of the experiments. In this case, high expectations are not
linked to results of experiments, but are still tied to the Oswald’s expectations of the IAPS in relation
to sustainability.
However, this study confirms the notion that expectations between different stakeholders have to
be in line. This is demonstrated in the AD Municipality debate (Section 5.1.3) in which the EBRU’s
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advice to AD Municipality is discredited on the basis of misaligned visions. Rhodes University went
on to mention they that they did not understand why due to misaligned visions between actors; a
technology can be rejected (section 5.3.1). It can be concluded that Rhodes University here typified a
traditional engineer, who is normally rooted in the feelings of self-importance and a belief in an
ability to lead. These feelings are based on vast technical knowledge which in the view of the
traditional engineer is not held by the society at large. In contrast, a reflexive engineer has a more
integrated view of socio-technical systems29.

In the third period from 2006 to 2010, there is great misalignment of the expectations and visions of
stakeholders in the case of Dhlambe Municipality. The expectations from the project are deeply
entrenched in the current social and political context of sanitation in South Africa which is largely
influenced by a history of apartheid in South Africa. Here, also expectations are not influenced by
any result of an experiment, but by external circumstances.
8.4.2

Networks

In SNM literature Hoogma for example has argued that the composition and the alignment of the
network are important in the development of the niche. Whilst alignment affects the scope of niche
development, composition affect the direction of the niche development [36]. To a large extent, the
notion that the composition of the network affects the direction of the niche development is not
supported by this case; instead this case illustrates the opposite. In this case, we see a changing
network along the road from 1992 till 2011. In the fourth and last period of the road (2006 to 2011
when DHV come in) we see that the network is narrow and this is a result of a number of things. One
of the reasons is that DHV brings in stakeholders according to the dictates of the program from
which it sourced the funding. Another reason is that we assumed that DHV and EBRU learnt
something from the AD Municipality process (second phase of the road) and the Dhlambe
municipality process (third phase of the road). As a result, the network excludes communities or
NGOs who may want to use the algae biomass. This automatically alters the direction of the research
in that issues pertaining to social embedding of the technology are ignored, whether the embedding
is necessary or is not necessary. Therefore, in this case, the direction of the niche development has
affected the composition of the network in the niche.

29

Robbins, P.T., The reflexive engineer: perceptions of integrated development. Journal of International
Development, 2007. 19(1): p. 99-110
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8.4.3

Learning

In SNM literature, it is argued that learning should not only be orientated towards first order
learning but should also incorporate second order learning. A broad learning process should include
both first and second-order learning for successful niche development. The purpose of a broad
learning process is to improve societal embedding of a technology and to bring about a more radical
innovation.
To a large extent, this case supports previous SNM findings about learning. We see in this case that
there were no broad learning processes in the first period involving the experiments at the EBRU.
This results in the Rhodes University trying to implement IAPS with Dhlambe Municipality in the third
period in which the community was to be involved in the project. The project totally fails. It can be
argued that this could have been another reason why DHV in the fourth period of the journey kept
the network narrow apart from the requirements of its source of funding.
As a conclusion, this case study has confirmed findings from SNM research. SNM can be used as a
research and analytical tool. Because of my understanding of this theoretical framework, I
confidently offered some recommendations that can improve the journey travelled in South Africa
so far. These recommendations can be useful to policy makers, private enterprises and NGOs, who
may be interested in implementing IAPS in South Africa. When I used SNM to analyse the road as
travelled in South Africa, I did so in hindsight. However, when I now offer recommendations to
improve the road in South Africa to policy makers, and to other stakeholders who may be interested
in implementing IAPS in South Africa, it becomes prescriptive. In that sense, I conclude that a very
thin line exists between using SNM either as a prescriptive tool or as an analytical tool.

8.5

Recommendations for further research

This study has shown that IAPS have not reached the status of “golden ponds” in South Africa. From
the perspective of SNM, a number of things still need to be done to improve the process. As a result,
a clear question for further study is to investigate whether really the by-products of municipal
wastewater treatment using IAPS can be useful in communities in South Africa. The high expectation
surrounding IAPS have throughout been associated with the perceived benefits of the technology to
the community. Further studies should confirm whether those claims are correct. If they are not,
then expectations surrounding IAPS should in the meantime be confined to municipal wastewater
treatment.
South Africa is at the border of being “developed” and “developing”. Evidence that IAPS have been
implemented in other developing countries in Africa is scarce. It would be worthwhile to test this
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technology in other developing countries in Africa and structure the experiments prescriptively from
the perspective of SNM. This is also in view of the fact that the political and social histories and
contexts of sanitation are different in different African countries. It is therefore difficult to generalise
some of the results and recommendations of this case study to other developing countries in Africa.
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APPENDICES
Appendix 1. Relevant stakeholders identified by asking questions
Question

Answer

Who is responsible for the project



Development of the technology – Oswald and University of California USA

(and its different components or



Pilot projects in South Africa – Rhodes University, Water Research Council



Central government departments in South Africa in particular the Department of Water Affairs

aspects)?
To who are statutory a responsibility
owed?
Who affects the project by

and Forestry (DWAF)


Non-Governmental Organisations (NGOs)



Municipalities / local authorities (e.g. Makana Municipality, Dhlambe Municipality, Amathole

determining the context?
Who are the intended
users/beneficiaries of the project?

District Municipality)


Users of algae biomass (biofuels, food, feed, fertiliser) e.g. Marseille Community Vegetable
Association

Who can negatively affect the



Critiques / opponents of the technology



Knowledge institutions, Experts on algae, Experts on wastewater treatment (eg Environmental

success of the project through their
opposition/non-cooperation
Who have unique knowledge related
to any aspect of the project?

Biotechnology Research Unit, Rhodes University, WUR)

Who run (or belong to) organisations



Environmental / social campaigning Organisations

with relevant interests?



Community groups who want to use algae biomass



The Media
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Appendix 2. List of informants
Name

Designation

Organisation

Notes / Category

Date

Frans Horjus

Senior water expert

DHV BV Amersfoort,

Interviewee

08 March 2011

The Netherlands

Private sector

Institute for Environmental

Interviewee and Presenter

Biotechnology, Rhodes

Knowledge institution

Dave Render

Research Officer

10 May 2011

University, South Africa.
Dr. Richard

Senior Research Officer

Laubscher

Institute for Environmental

Interviewee and Presenter/

Biotechnology, Rhodes

Knowledge Institution

10 May 2011

University, South Africa
Mongezi Mabece

Ndumiso Nongwe

Dr Kevin

Assistant Director: Water

Makana Municipality, South

Interviewee

and Sewer

Africa

Local Authority

Environmental Manager

Makana Municipality, South

Interviewee

Africa

Local Authority

Coastal & Environmental Services

Interviewee

South Africa

NGO & formally knowledge

Consulting Director

Whittington-Jones

20 May 2011

13 May 2011

09 June 2011

institution
Jonathan Timm

Special Projects Manager

Mvula Trust, South Africa

Interviewee

15 June 2011

NGO
Katarzyna KujawaRoeleveld

Page | 125

Lecturer

WUR and LEAF

Informant

E-mails dated 18 July
& 4 August 2011

