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Summary
The unique properties of micro algae offer the potential to improve global issues of food and energy
security and global issues of sustainable food and energy production. Micro algae can grow faster than
land crops while using less water. They can grow on the nutrients that are present in wastewater and
use carbon that is present as CO2 in the air. This makes them capable of turning nutrients from waste
streams into a valuable source of sustainable products.
Micro algae are already used for the production of small quantities of high value products, but to
improve global issues of sustainable food and energy supply, they need to be cultivated in large
quantities at low costs. The socio‐economic feasibility of large scale production at low costs for products
like animal feed and biofuels is uncertain.
This research is focused on the socio‐economic feasibility of sustainable micro algae cultivation as feed
for aquatic animals. It is technically possible to cultivate micro algae on wastewater of a food processing
industry and to use micro algae as feed for fish and shellfish. This offers the opportunity for a win‐win
situation where nutrients are recycled. To make a new technology into a successful innovation, not only
the technical possibilities, but also the socio‐economic aspects are important. The objective of this
research is to assess these socio‐economic aspects. This leads to the main research question:
Is it socio‐economic feasible to cultivate micro algae as food for fish or shellfish when wastewater of a
food processing industry is used as source of nutrients?
Theoretical framework and methodology
For this research a combination of a Multi‐Level Perspective and Strategic Niche Management has been
used. In the theory of Strategic Niche Management, aspects were integrated of ‘Douthwaite’s theory of
learning selection’ and ‘Korten’s stages of learning’. The theoretical framework has been complemented
with a financial Cost Benefit Analysis. The theory of Strategic Niche Management was used to study the
social feasibility of the niche experiment in the Netherlands, and the feasibility of starting a niche
experiment in Tanzania, by means of an actor analysis. The financial Cost Benefit Analysis has been used
to study the economic feasibility. The Multilevel Perspective was used to understand landscape
developments and regime dynamics that create the context for the niche experiment.
It was expected that opportunities and barriers would be different in developed countries with a
temperate climate and developing countries with a tropical climate. Therefore case studies were done in
the Netherlands and in Tanzania. In the Netherlands the case study was based on an ongoing
experiment with the aim of treating the wastewater of a potato processing industry with algae and using
the algae by their neighboring shellfish cultivators, who want to start onshore shellfish cultivation. In
Tanzania, the climatic conditions are more favorable for micro algae cultivation, but there is little
knowledge about micro algae and there were no experiments with micro algae cultivation that could be
used as a case study. Therefore the research in Tanzania was focused on the feasibility of starting an
experiment that is similar to the experiment in the Netherlands.
Data for the research were acquired through a literature study, interviews and observations. Due to the
early stage of the innovation, semi structured interviews have been the most important source of data.
In the Netherlands 15 interviews were done with algae experts (7), experts in wastewater treatment (3)
and with actors of the niche experiment that was used as a case study (5). In Tanzania information for
the case study was collected during two months of field research. During the research it turned out that
there were no experiments with micro algae that could be used for the case study in Tanzania. Because
v

of this finding, 43 interviews were done with experts that would be important at the start of a niche
experiment. Therefore most interviewees were researchers (16), managers of food processing
companies (10), and government officials (7).
Analysis and conclusions
From the research in the Netherlands and in Tanzania it can be concluded that overfishing causes
regime pressure which creates interest in both countries to start experiments with farming of fish or
shellfish. To make fish and shellfish farming attractive, large amounts of micro algae need to be
produced at low costs. In the Netherlands and in Tanzania there is increasing pressure to treat
wastewater and to become more sustainable. This pressure creates interest to start experiments with
micro algae cultivation to remove nutrients from wastewater. When micro algae are cultivated on the
wastewater of food processing industries, they can be used as a cheap and sustainable source of food
for fish or shellfish cultivation. For both countries it can therefore be concluded that micro algae offer
the opportunity to solve problems in the regimes for fishing and wastewater treatment.
From the experiment that was used as a case study in the Netherlands it can be concluded that the
involved actors have positive expectations about the innovation, but that there are different
expectations about the productivity of micro algae in open and closed systems. This leads to
experiments with both systems by separate actors and different visions on the feasibility of wastewater
treatment with micro algae. The network of actors that are actively involved in the experiment only
consist of shellfish cultivators, a potato processing company and a supplier of closed algae cultivation
systems. Learning processes in the experiment are mainly focused on how to make the technology
effective. The learning processes could be improved by extending the actor network with researchers
and commercial algae cultivators that have already more knowledge and experience with algae
cultivation in the Netherlands. From the different expectations, the small actor network and the focus of
the learning processes it can be concluded that the innovation is in an early stage of the innovation
process. However, the actors that are involved in the experiment have positive expectations about the
experiment and no actors were found that are against the experiment. Therefore it can be concluded
from this case study, that it is socially feasible in the Netherlands to cultivate micro algae as food for
shellfish when wastewater of a food processing industry is used as source of nutrients.
From the case study in Tanzania it can be concluded that actors, from the actor groups that are most
important at the start of an experiment, have positive expectations about the proposed system with
micro algae cultivation and that there is interest to cooperate in an algae experiment. Although many
actors were positive about the idea for the use of micro algae, no actor was found that is likely to start
the formation and coordination of the actors into an actor network. Furthermore, no actors in these
actor groups are willing or able to acquire the financial resources that are necessary to start niche
experiments with algae. However, if an actor with financial power decides to take the lead in this
process, important actors are willing to participate. Therefore it can be concluded that, although it is
uncertain if an actor will take the lead, this experiment is still socially feasible.
From the financial Cost Benefit Analyses it can be concluded that with the assumptions that were done,
it is both in the Netherlands and in Tanzania economically feasible to cultivate micro algae on
wastewater for respectively shellfish and fish cultivation. In Tanzania the system would however be
more profitable than in the Netherlands. From the sensitivity analysis it can be concluded that the most
influential assumptions that were made are the growth speed of micro algae, the growth speed of fish
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and shellfish, and the conversion efficiency of micro algae into fish and shellfish. More research and
practical experiments are necessary to test these assumptions.
It can be concluded that the climatic conditions in the Netherlands make it unrealistic to use micro algae
at a large scale for wastewater treatment all year round with the current algae cultivation systems.
There is no problem for the use of algae for shellfish cultivation because also the growth of shellfish is
negligible in winter. The tropical climate in Tanzania enables a higher and a more constant algae
production than in the Netherlands. Therefore more algae can be produced at a smaller land area which
makes Tanzania more suitable for wastewater treatment.
In response to the research question, it can be concluded that, with the assumptions that were done, it
is socially and economically feasible in the Netherlands and in Tanzania to cultivate micro algae as food
for fish or shellfish when wastewater of a food processing industry is used as source of nutrients.
These positive results offer the perspective on a bright future for this innovation and bear the promise
of creating a sustainable win‐win situation by using micro algae.
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1. Introduction
The quest for a more sustainable economy is a worldwide issue. Starting in 1972 with the report ‘Limits
to growth’ of the Club of Rome, and further elaborated by the Brundtland Commission in ‘Our Common
Future’ (1987), there is an increasing awareness that there is a limited amount of resources on earth and
that we create global environmental problems with our growing economy. Therefore it is in our
common interest to pay attention to our environment, make our economies more sustainable and
reduce our impact on climate change (MDDEP, 2002).
The quest for a more sustainable economy and the scarcity of fossil fuels causes an increasing demand
for biofuels. To produce these biofuels, large amounts of land are used for cultivating energy crops.
Food and energy crops are therefore competing for land and water in many parts of the world, causing
food insecurity and environmental degradation (FAO, 2012).
Micro algae have created high expectations about their potential to produce many different products in
a sustainable way. Micro algae can grow faster than land crops while using less water. Furthermore they
can grow on the nutrients that are present in wastewater and use carbon that is present as CO2 in the
air. This makes them capable of recycling nutrients by turning waste streams into a valuable source of
sustainable products. These properties of micro algae offer the potential to improve global issues of
food and energy security, sustainable energy production, climate change and the sustainability of
agriculture and fisheries.
There are many different species of micro algae with many different properties that make them suitable
for the production of small amounts of high value products and also for low value bulk products and
many products in between like food en feed. The potential market for algae can therefore be depicted
as a value pyramid where the small market for high value products is at the top and the large market for
low value products like transport fuels is a the bottom. This can be seen in the next figure.

Figure 1: Bio based value pyramid (Luzardo & Dool, 2011)
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Micro algae are currently mostly used for the production of high value food supplements such as
vitamins, ω‐3 fatty acids, pigments and antioxidants. Food applications are mainly based on the
complete use of micro algae such as Chlorella. The price for these products varies between €50/kg for
simple food supplements to €45000/kg for polyunsaturated fatty acids (Mata TM, Martin AA, Caetano
NS, 2010). Next to these existing markets there are many opportunities for new markets with large scale
algae cultivation. Algae with high lipid content can be used for biofuel production. Next to biofuels, the
lipids in algae can also be used to make bio plastics (Wijffels RH, Barbosa MJ, 2010) (Sikkema A, 2012).
Algae with high protein content can be used for the production of animal feed. Part of the proteins can
also be used as a source of food for humans. Prices for these products vary between €0.5/kg for biofuels
to €5/kg for the production of proteins for humans (Wijffels, Barbosa, & Eppink, 2010) (Kasteren,
Wentink, & Konz, 2012).
Algae can also remove nutrients from wastewater. Depending on the source of wastewater, these algae
can be used for anything from food to biofuel production. In this way algae can be used for a
combination of wastewater treatment and sustainable food or fuel production (Christenson & Sims,
2011).
The future potential of the micro algae gets increasing attention from researchers, governments and
companies worldwide. Hundreds of millions of euros are invested in algae research and billions of euro’s
are expected to be earned when the algae will become a success (Mulkern, 2009) (Wijffels RH, Barbosa
MJ, 2010).
There is uncertainty about the socio‐economic feasibility of large scale micro algae cultivation for low
value products. The aim of this research is to analyze this socio‐economic feasibility through case studies
in a developed and a developing country.
The socio‐economic feasibility of algae cultivation for feed production is uncertain in the Netherlands.
An experiment that was finished in 2010 concluded that the costs for cultivation and harvesting micro
algae were too high to make it economically viable for feed production, even when nutrients from the
wastewater of a food processing industry could be used for free (Waterstromen, 2012). The conclusions
of the experiment did not stop the start of new experiments with micro algae for feed production. In
2011 a new experiment with micro algae cultivation was started, but now with the aim of using the
algae as feed for shellfish. The advantage of this experiment is that the costs can be reduced because no
harvesting of the algae is necessary. The socio‐economic feasibility of this ongoing experiment is
uncertain and therefore it is used as a case study for the assessment of the socio‐economic feasibility of
sustainable micro algae cultivation in the Netherlands.
The use of algae for the production of large scale low value products such as food, feed and biofuels
seems even more promising in developing countries that are situated close to the equator because the
productivity of algae is higher close to the equator and the wages are lower. This might make algae
production more profitable in these countries. On the other hand, aspects like the knowledge about
micro algae or a lack of government support can create barriers that could make the use of micro algae
cultivation more difficult than in the Netherlands. Due to existing contacts between the Eindhoven
University of Technology and researchers in Tanzania it was therefore decided to do a second case study
in Tanzania to assess the socio‐economic feasibility of a system for aquaculture production with micro
algae that is similar to the experiment in the Netherlands.
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1.1 Research objectives
It is known that it is technically possible to remove nutrients from wastewater with micro algae and it is
known that micro algae can be used as feed for fish and shellfish. Combining these two possibilities of
micro algae offers the opportunity to recycle nutrients that are present in wastewater for sustainable
cultivation of fish or shellfish. From a technical point of view this system can be created, although it
takes time to optimize the technology. The technical aspects of this new technology are therefore
important to improve, but to make a new technology into a successful innovation, also socio‐economic
aspects are important. There is little knowledge about these socio‐economic aspects, but they are highly
influential for the success of a new technology.
The objective of this research is therefore to assess the socio‐economic feasibility of fish and shellfish
production with micro algae that are cultivated on wastewater. The opportunities and barriers for this
system are different in developed and developing countries. To research the influence of these different
kinds of countries, case studies were done in the Netherlands and Tanzania.

1.2 Research question
The research objectives lead to the main research question:
Is it socio‐economic feasible to cultivate micro algae as food for fish or shellfish when wastewater of a
food processing industry is used as source of nutrients?
This question can be divided into the next sub‐questions:
What landscape developments stimulate niche experiments with micro algae cultivation for fish or
shellfish cultivation and wastewater treatment?
How do landscape factors create opportunities for micro algae cultivation in the regimes for fish and
shellfish cultivation, and wastewater treatment?
What actors are involved in the niche experiments with micro algae cultivation for fish and shellfish
production and wastewater treatment, and what are their visions and expectations?
In what stage of learning are the learning processes that take place in the niche experiment?
What are the financial costs and benefits of cultivating micro algae as food for fish or shellfish when
wastewater of a food processing industry is used as source of nutrients?
In this research the main focus will be on socio‐economic aspects of the research question. The socio‐
economic feasibility will be assessed by means of a stakeholder analysis and a cost benefit analysis. The
assessments are based on case studies in the Netherlands and Tanzania.

1.3 Research justification
Societal relevance
The sustainable production of food and the cleaning of wastewater are vital for humans, both in
developed and developing countries. Using algae for wastewater treatment and the production of fish
or shellfish offers the opportunity for satisfying both requirements at the same time. Furthermore this
can make food production and wastewater treatment more sustainable and help to close the nutrient
cycle. In the Netherlands this is important because there are excess nutrients in the food producing
sector which leads to high costs for disposal. In Tanzania this is important because there is a lack of
nutrients in the food producing sector which leads to low productivity.
3

To learn about the feasibility of this idea it is necessary to do experiments and to analyze the outcomes
of these experiments. From former experiments it is known that it is technically possible to remove
nutrients from wastewater by cultivating algae and there are fish and shellfish that need algae as food
(STOWA, 2011) (Vos, 2012) (Bwathondi, 2012). The technical feasibility alone is however not sufficient
to guarantee success when brought into practice. Therefore it is important to research also the socio‐
economic feasibility of the system to get a better understanding of barriers and opportunities that are
currently present.
Scientific relevance
The use of algae for both wastewater treatment and food production can be seen as an innovation that
is part of a transition towards a more sustainable society in which nutrients are recycled. Until now
technical aspects have been the main of focus of research about micro algae. There is little knowledge
about the socio‐economic aspects of micro algae cultivation. The focus of this research is therefore on
the socio‐economic aspects of this innovation.
To study this innovation the Multilevel Perspective and Strategic Niche Management in combination
with a financial Cost Benefit Analysis are used. These scientific frameworks have been used to study
innovations before, but this has mainly been done for historical innovations in developed countries.
Over the last years the use of these frameworks has been extended for studies of niche experiments in
developing countries. This research extends the use of these frameworks by using them for the
assessment of the opportunities to start a first niche experiment in a developing country and comparing
this assessment with an assessment of a niche experiment in a developed country with the same
theoretical framework.

1.4 Background countries of research
The Netherlands
The Netherlands is part of the Kingdom of the Netherlands and is located in northwestern Europe,
bordering Belgium and Germany and the North Sea (see figure 2).
With an area 41543 square kilometers, it is among the smallest countries in the world and about 23
times smaller than Tanzania. The country is relatively flat with altitudes just under and above sea level.
The Netherlands has a temperate marine climate with cool summers with an average temperature of 18
C and mild winters with an average temperature of 3 0C. Due to its location at the mouth of three major
European rivers and average rainfall between 42 and 83 mm per month, adding up to a total of 833 mm
per year, most of the year there is an abundant amount of sweet water.
0

Inhabited by nearly 17 million people, the Netherlands is one of the most densely populated countries in
the world.
The Dutch people are generally well educated with an average school life expectancy of 17 years and
99% of the population of over 15 years is literate (CIA, 2012).
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Figure 2: The Netherlands (Worldatlas, Netherlands, n.d.)

The Netherlands has the 23rd largest economy in the world and the 5th largest economy of the EU with a
GDP of 858 billion dollar. With a GDP per capita of 42,000 dollar a year (in PPP), it is one of the richest
countries in the world (CIA, 2012). The minimum wage is 1469 euro’s per month (Rijksoverheid, 2013).
One of the main environmental issues the country faces is water pollution in the form of heavy metals,
organic compounds, nitrates and phosphates (CIA, 2012).
A summary of selected statistics of the Netherlands and Tanzania is presented in table 1.
Tanzania
Tanzania is located in Eastern Africa, bordering Kenya, Uganda, Rwanda, Burundi, the Democratic
Republic of Congo, Zambia, Malawi, Mozambique and the Indian Ocean (see figure 3). With a total
surface area of 947,300 square kilometer, it is about 23 times bigger than the Netherlands and among
the bigger countries worldwide. The country is relatively flat close to the coast with a plateau in the
middle of the country and highlands in the North and South. Due to its location just below the equator,
most of the country has a tropical climate with an average precipitation of 892 mm and average
temperatures between 20 and 37 0C (CIA, 2012).
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Figure 3: Tanzania as part of Africa (Worldatlas, Tanzania, n.d.)

The population of Tanzania consists of nearly 44 million people which is about 2.5 times more than the
population of the Netherlands. With a country that is 23 times bigger, Tanzania is clearly less densely
populated than the Netherlands.
Tanzania had a GDP of US 23 billion in 2011 and a GDP per capita of US 1500 (PPP). This means that it is
one of the poorest countries in the world measured in per capita income. However, the country had an
annual economic growth rate for the last decade that was around 7% and compared to its neighboring
countries in the region, Tanzania is relatively rich with only Kenya and Zambia having a slightly higher
GDP per capita (CIA, 2012).
Minimum wages in the agriculture and industrial sector are respectively 70000 and 80000 TZS which is
equivalent to 33 and 38 euro’s per month. This is approximately 40 times lower than in the Netherlands
(WageIndicator, 2012).
Most of the population in Tanzania has only had some years of primary education. 97% of the
population attends some years of primary education, 38% attend lower secondary education and 5%
attend higher secondary education (UNICEF, 2003).
Among the major environmental issues in Tanzania are soil degradation, deforestation and water
pollution (CIA, 2012) (WWF, 2007).
A summary of selected statistics of the Netherlands and Tanzania can be found in table 1. A more
elaborate background description of both countries can be found in the appendix.
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Country size
Population
Average temperature
Average rainfall per year
Average GDP per capita
Minimum wage

Netherlands
41,543 km2
17 million
3 to 18 0C
833 mm
42,000 USD (PPP)
1,469 EUR per month

Tanzania
947,300 km2
44 million
20 to 37 0C
892 mm
1500 USD (PPP)
33 to 38 EUR per month
(70,000 to 80,000 TZS)

Table 1: Comparison between selected statistics of the Netherlands and Tanzania

1.5 Micro algae cultivation technology
When micro algae are used to feed aquatic animals they only need to be cultivated while harvesting and
processing is not necessary, because fish and shellfish eat the algae while they are alive in the water. As
this research is focused on the socio‐economic aspects, this section only includes a brief description of
the most common technologies for micro algae cultivation that can be used as background information
for a full understanding of the rest of the report.
There is an extensive body of literature about micro algae production, harvesting and processing. More
detailed information about these technical aspects can be found among others in (U.S. DOE, 2010) and
(Mata TM, Martin AA, Caetano NS, 2010).
The productivity of micro algae depends on numerous factors. The basic needs for algae are light, CO2
and water with nutrients like nitrogen and phosphorus. Other factors that influence the productivity of
algae are temperature, pH, salinity, O2 concentration, harvesting frequency, depth and mixing (Mata
TM, Martin AA, Caetano NS, 2010). The production of algae can take place in different systems which
can be generally categorized as open and closed systems. The most common types of open and closed
systems are respectively the raceway pond and the tubular reactor. These two systems are described
below.
Open ponds
Open ponds are the most used technology for commercial algae cultivation because the construction is
relatively cheap and its operation is relatively simple compared to other systems. Raceway ponds are
shallow circular ponds with a depth of approximately 0.2 m (see figure 4). The algae culture is mixed
with a paddlewheel (Norsker, Barbosa, & Wijffels, 2011).
Downsides of the system are the low algae productivity, as compared to closed systems and the lack of
control during the cultivation. Factors such as light, temperature, rain, wind and contamination cannot
be controlled. This makes open ponds mainly suitable to grow natural mixtures of fast growing algae.
Some species like Spirulina and Dunaliella are also suitable for cultivation of mono cultures in open
ponds because they can grow in circumstances that make it impossible for other species of algae to
grow. Most other algae species cannot be cultivated as mono cultures in open pond systems (STOWA,
2011).
The maximum photosynthetic production capacity of raceway ponds is approximately 1.5%. This is
equivalent to a production of 26 tons DW/ha/year (Muylaert K, Sanders J, 2010).
The investment costs and the energy costs for mixing are relatively low for open systems, but to ensure
that the light penetration through the water is enough, the algae density has to remain low, not more
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than 0.3 g DW/l. This leads to increased costs for harvesting and drying of the algae from the open
systems, as compared to the closed systems (Norsker, Barbosa, & Wijffels, 2011).

Figure 4: Raceway pond at Ingrepro (Ingrepro, 2009)

Tubular reactors
The cultivation of algae in tubular reactors takes place in long transparent tubes (see figure 5). The tubes
can be stacked on top of each other, resulting in more evenly distribution of the solar energy and
increased efficiency as compared to open systems. The maximum efficiency in tubular reactors is
equivalent to a production of approximately 41 tons DW algae per hectare per year in the Netherlands
(Norsker, Barbosa, & Wijffels, 2011).
The closed systems require gas exchangers to remove the oxygen and supply CO2. Also more energy is
needed compared to open ponds because a turbulent flow has to be created to provide sufficient mixing
of the algae between the illuminated and darker parts of the tubes. Algae densities can be higher than in
open ponds and are currently around 1.7 g DW per liter.
The complex system of tubes and a gas exchanger makes the investment costs high compared to open
systems, but a closed system enables a better control of the production process. Therefore this system
is suitable for the cultivation of specific algae mono cultures for high value products like pigments
(Norsker, Barbosa, & Wijffels, 2011).

Figure 5: Tubular reactor at the ‘AlgaeParc’ of the WUR (Dikken, 2012)
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1.6 Structure of the report
Within this report two parts can be distinguished. The first part consists of the introduction to the
research in this chapter and a description of the theoretical framework and the methodology which is
described in chapter two.
The second part of the report consists of the chapters with the actual analysis of the research. The
feasibility in the Netherlands is analyzed in chapter 3 and the situation in Tanzania is analyzed in chapter
4. The last chapter consists of the conclusions and recommendations that follow from this research.
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2. Theoretical framework and Methodology
This chapter describes the theoretical framework that is used in this research. Fish and shellfish
production with micro algae that are cultivated on wastewater can be seen as an innovation that will
not only require new technologies, but it also changes the role of the stakeholders that are involved in
wastewater production, wastewater treatment, algae cultivation and aquaculture. Therefore, this
system with micro algae can be seen as a transition to a new socio‐technical system. To understand this
process, a multilevel perspective (MLP) on transitions will be used in combination with the theory of
strategic niche management (SNM). The SNM theory is complemented with a financial CBA.

2.1 Transitions
Transitions can be defined as shifts from one socio‐technical system to another. These systems operate
at the level of societal domains such as energy and agriculture. An example is the current energy
transition from a fossil fuel based system to a sustainable energy based system.
Although every transition is different, transitions have certain common characteristics (Geels & Schot,
2010):
1. Transitions are co‐evolutionary processes that trigger multiple changes in socio‐technical
systems. These changes are caused by technical innovations and changes in use and application
of the technology.
2. Transitions influence and are influenced by multiple actors such as firms, scientists, policy
makers and users.
3. Transitions are radical changes from one system to another. The breakthrough of an innovation
on the market can be relatively fast, but the preceding innovation trajectories take normally
more time, making transitions long‐term processes taking up to 50 years and sometimes even
more.
The multilevel perspective (MLP) is developed to understand transitions on the multiple dimensions of
socio‐technical systems and combines insights of evolutionary economics, sociology and science and
technology studies (Geels & Schot, 2010).

2.2 Multilevel perspective
In order to understand transitions, a multilevel perspective (MLP) will be used. The MLP analyzes
transitions on three different levels: the socio‐technical landscape, the regime and the niche. MLP
stresses the importance of alignment of trajectories within and in between these levels to create
transitions. The different levels can be seen as a nested hierarchy: niches are embedded in regimes and
regimes are embedded in the socio‐technical landscape. The levels differ in their stability. The niches
have little coordination and structure. There are small actor networks without clear rules. Actors face
high uncertainty and have to put a lot of effort in upholding the niche. Regimes are more structured due
to co‐evolution of actor networks, technology, regulations etc. that results in more stable
configurations. The socio‐technical landscape comprises broad background structures and
developments that are beyond the direct influence of niche and regime actors (Geels & Schot, 2010).
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Transitions can be understood by analyzing the processes and interactions within and in between these
different levels. Figure 6 shows the three levels and how the levels can interact. This will be described
into more detail in the next sections.

Figure 6: The multilevel perspective (Geels & Schot, 2007)

Landscape
The socio‐technical landscape is a broad exogenous environment in which the niche and regime
processes take place. The landscape consists of a variety of factors like climatic conditions,
industrialization, infrastructures, oil prices and wars. This environment influences the niche and regime
processes. Landscape developments are influenced by human agency, but the niche and regime actors
are not able to influence this exogenous environment directly (Geels, 2002).
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Regime
A transition to a new socio‐technical system is not an easy process because existing systems are
relatively stable. To understand this stability and opportunities for change, these systems will be looked
at from the perspective of socio‐technical regimes. The concept of a regime was created to
conceptualize the interdependencies that create a dynamic stability between technical groups and their
social environment. The stability is the result of long term incremental change and it structures future
change.
Technological regimes were defined by Rib & Kemp (1998) as:
The rule‐set or grammar embedded in a complex of engineering practices, production process
technologies, product characteristics, skills and procedures, ways of handling relevant artifacts and
persons, ways of defining problems‐ all of them embedded in institutions and infrastructures.
These technological regimes contain cognitive, regulative and normative rules for communities of
engineers. Examples of these rules are guiding principles, goals, standards, laws, values and behavioral
norms.
Socio‐technical regimes comprise not only communities of engineers, but also other social groups that
influence sociotechnical systems such as scientists, policy makers and users. These social groups interact
and form social networks (Geels, 2004).
The existing rules of socio‐technical regimes create dynamically stable systems. Only specific
incremental innovations that are in line with the regime rules still occur, leading to specific technological
trajectories. The different social groups that are involved in the socio‐technical system are dependent on
each other and interact. This leads to social network formation where the different social groups
influence each other. This leads to co‐evolution of trajectories in policy, science, industry, culture and
markets.
Sometimes pressure on regime actors causes trajectories to change more profound, resulting in tensions
in a socio‐technical regime. These tensions create opportunities for transitions come about (Geels &
Schot, 2010).
Niche
Radical new technologies are often not directly compatible with trajectories in existing regimes. These
radical new technologies offer the potential for improvement of existing technological trajectories, but
often they start as expensive, poor performing technologies that first need to be further developed to
be able to compete with existing technologies (Geels, 2002). A Niche is a part of the market where new
technologies are exposed to a selection environment under relatively protected circumstances. The
protection comes from networks of actors who are willing to invest resources in the new technology.
Niches do often not exist for radically new technologies from the start. Therefore these niches need to
be created by co‐construction of technology and market. This is often a difficult and long term process
where dedicated actors are needed. The end of the process is uncertain as this is dependent on the
actors and external influences. The niche phase that lasts until unprotected market introduction, takes
often two or three decades (Geels & Schot, 2010). The creation and enactment of niches will be
addressed more specifically in the section of this chapter about strategic niche management.
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Interactions between the niche, regime and landscape
Transitions take place because of interactions between processes at the niche, regime and landscape
level. Radical innovations come with high uncertainty at the niche level. A lot of experimentation takes
place and the results of these experiments lead to adjustments and learning. Together with the
experiments, social networks and visions of actors in the niche are influenced by processes at the regime
and landscape. Innovations often remain in niches for a long time. This can be due to persistent
technological problems, mismatches between the existing regime and the new technology or due to
regime actors that place opposition to the new technology. As long as regimes remain stable, there is
little chance for a radical new technology to break through. Breakthroughs are often caused by changes
at the landscape level that put pressure on existing regimes. Landscape pressure can create
opportunities for new technologies in different ways (Geels & Schot, 2010):
Change in user preferences: due to reasons like negative externalities, cultural changes or change in
prices, users may change their preference for products. This leads to changes in market demand which
creates opportunities for new technologies.
Increasing negative externalities: expansion of existing regimes can lead to increasing negative
externalities. When existing technologies are not able to bring the externalities back to acceptable
standards for other social actors, like users or policy makers, theses social actors can put pressure on the
regime to change.
New regulations: if regimes are thought to threaten society, policymakers can introduce new regulations
that introduce standards that are not possible to meet with the current technology.
Internal technical problems: persistent internal technical problems in a regime can lead to changing
expectations of regime actors about the usefulness of an existing technology and create higher
expectations of new technologies.
Strategic games: when industries compete on innovative technologies, firms can play strategic games by
investing in specific innovative technologies. If these technologies create momentum, they can force a
breakthrough of a new technology.
When these processes open up regimes, niche innovations that have shown to be sufficiently stable and
useful can diffuse into mainstream markets and compete with existing regime technologies. If the new
technology wins, this leads to broader socio‐technical changes in markets, regulations, infrastructure,
user preference etc. Over time this may lead to broader changes at the level of the landscape (see
Figure 6). Transitions take place when processes at the different levels and in between the levels take
place simultaneously and reinforce each other.
The timing of the interactions between the different levels can lead to different ways in which
transitions take place. Especially the timing of the landscape pressure on the regime is important in
combination with the extent to which niche technologies are developed.
Four main transition pathways can be distinguished (Geels & Schot, Typology of sociotechnical transition
pathways, 2007):
Transformation pathway: when there is moderate pressure from the landscape, while niche‐innovations
are not sufficiently mature, regime actors will use their adaptive capacity to change their development
pathway. Usually this adaptation takes place due to pressure from other social groups on the regime
actors. This will gradually change the directions of the former development path of the regime and
initiates the search for new ways to solve the current problems. Experiments, Knowledge and
technologies from in and outside the regime may be translated by the regime actors, leading eventually
to a gradual transition to a new regime while the basic architecture of the old regime remains similar.
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De‐alignment and re‐alignment pathway: if landscape changes lead to sudden and large pressure on
existing regimes, this may cause a situation where regime actors lose their faith in their capability to
cope with the new situation. When there is no innovation sufficiently developed to replace the regime
directly, multiple niche innovations will emerge next to each other and compete with each other.
Eventually, one innovation trajectory will become dominant, creating the start for a new socio‐technical
regime.
Technological substitution pathway: sudden landscape changes can lead to large pressure on existing
regimes. When there are well developed niche‐innovations that were not able to penetrate into the
regime, this sudden pressure creates opportunities for the niche‐innovation to replace the existing
regime. This leads to power struggles between existing and new firms. When the innovation replaces
the old technology, this leads often to major problems and often the downfall of existing firms.
Reconfiguration pathway: multiple innovations from niches fit well with the existing regime and solve
local problems. These changes trigger further adoptions of innovations and changes in search heuristics,
user practices and linkages within the regime. This will gradually lead to a complete new architecture of
a socio‐technical system. This pathway happens more often in regimes where multiple technologies are
used.
The described pathways do not have to take place in their pure form. Transitions can have elements of
different pathways and regimes can merge or split into new regimes due to transitions.

2.3 Strategic Niche Management
New technologies are expected to bring improvements, but at the start they are most often expensive
and inefficient. Therefore they are not yet able to yield the performance that is expected in the future.
For this reason new technologies cannot compete immediately with established technologies. Many
new technologies exist, but it is very difficult to reach the stage where a new technology is ready for a
market introduction.
Strategic Niche Management (SNM) was developed to understand the emergence of niches for
sustainable energy technologies. A core assumption is that niches can facilitate sustainable transitions.
Niches offer protection from direct market selection for new technologies. This offers the opportunity to
do experiments so that learning processes can lead to maturation of the technology and its environment
by co‐evolution of technology, user practices and regulations so that the technology eventually can
replace the dominant regime without any protection.
Niches can be created by direct top‐down influence of the government, but the focus of SNM is on niche
creation by collective efforts of multiple actors. Steering of niche processes can be done in different
ways such as giving subsidies or regulations, but also by other measures like adding new actors,
initiating experiments and demonstration projects (Geels & Schot, 2010).
Three main processes can be distinguished for development of the niche (Kemp, Schot, & Hoogma,
1998):
Visions and expectations: articulation of visions and expectations are important for niche formation
because they legitimate the efforts for protection and provide directions for learning processes.
Expectations create more momentum when they are shared by more actors, when they are more
specific so they can provide clear guidance and when local projects confirm expectations.
Social networks: The development of a new technology is not only influenced by engineers, but also by
policy makers, scientists, capital banks, users and societal groups. These stakeholder groups can be seen
in figure 7. Building social networks is important to facilitate interaction and learning between relevant
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stakeholders and to provide necessary resources. The networks contribute more to the niche when they
are broad so that multiple actors can give input from different perspectives. This increases also the
likelihood of second order learning. The networks should be deep to be able to create commitment and
mobilize resources.

Figure 7: Stakeholder groups that influence transitions (Geels, 2002)

According to Douthwaite, the importance of stakeholder groups changes during the innovation process.
An innovation starts with a bright idea that is further developed by researchers. The development phase
ends when researchers have developed their best bet for a prototype that is adopted by innovative key
stakeholders who further develop and adapt the technology together with the researchers. When the
technology is sufficiently adapted and works sufficiently well, early adopters start to adopt the
technology. This can be seen in figure 8 (Douthwaite, Keatinge, & Park, 2002). This is the phase in SNM
where a dominant design occurs and an increasing number of actors start to adopt the same
technology. This is the start of expansion phase that can lead to changes at the regime level.
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Figure 8: Evolution of knowledge and stakeholder participation during the innovation process (Douthwaite, Keatinge, & Park,
2002)

Learning processes:
According to Korten (1980) learning processes in an innovation project take place in three stages (see
figure 9). At first learning to be effective needs to take place. The objective in this stage is to get the
experiment running and make the technology work effective. Therefore there is a need for investment
in knowledge and capacity building. The second stage is learning to be efficient. The aim at this stage is
to use fewer resources while keeping the same amount of output. The third stage is learning to expand.
At this stage the primary aim is an orderly expansion of the program through organizational capacity
building and refinement. At this stage it is important that the effectiveness and efficiency of the
technology remains, but expansion always leads to some sacrifice of these aspects (Korten, 1980).
Experiments are more likely to lead to successful learning when they are relatively simple (Caniëls &
Romijn, 2008).
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Figure 9: Learning curves of three stages of learning (Korten, 1980)

2.4 Economic feasibility
The SNM theory is complemented with a financial Cost Benefit Analysis (CBA) to study the economic
feasibility of the innovation. The financial CBA is based on the syllabus of Romijn & Balkema (2009). The
most important concepts of the CBA that are used in this research are discussed below.
The CBA is designed to help organizations to decide the best way to invest their scarce resources. When
it is not clear if a project should be executed, a CBA can help to assess the likely feasibility of a project.
The financial CBA is used to assess the likely feasibility of a project from an investor’s point of view.
Central to the CBA is the concept of cash flow. Cash flows occur when expenditures are made or income
is generated. These are respectively cash outflows and cash inflows. The ultimate financial feasibility
depends on all cash inflows and outflows over the entire lifetime of a project.
Under normal circumstances a project is considered to be an attractive investment when the net
earnings are expected to be higher than the expected net investment. To find out the whether the net
earnings are higher than the expected costs of financing the project, two things need to be determined:
all expected cash flows and the real interest rate. The real interest rate depends on the commercial
interest rate and the inflation (Romijn & Balkema, 2009).
The influence of variables that uncertain and influential on the outcomes of the financial CBA is
researched by means of a sensitivity analysis. In the sensitivity analysis these variables are changed to
study the influence on the financial feasibility of the experiments.
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2.4 Methodology
The research question for this report is: Is it socio‐economic feasible to treat wastewater of the food
processing industry with algae if the algae are used as food for aquatic animals?
To answer the research question, two case studies have been done, one in the Netherlands and one in
Tanzania. In the Netherlands an existing niche experiment was used for the case study. In Tanzania the
case study was focused on the opportunities to start an experiment that is similar to the experiment in
the Netherlands. For the assessment of the case studies the SNM theory is used to study the social
feasibility of the niche experiment in the Netherlands, and the feasibility of starting a niche experiment
in Tanzania, by means of an actor analysis. The SNM theory is complemented with a financial Cost
Benefit Analysis (CBA) to study the economic feasibility of the experiment in the Netherlands or starting
a similar experiment in Tanzania. The Multilevel Perspective (MLP) was used to understand Landscape
developments and regime dynamics that create the context for the niche for the niche experiment.
Data for the research were acquired through a literature study, interviews and observations.
Literature study
At first a literature study has been done about the general aspects of micro algae cultivation. For this
part of the research a combination of scientific articles and reports of former experiments with algae
cultivation have been used. For the case studies in the Netherlands and Tanzania a literature study was
done to provide information about the context of the experiment. Especially for the landscape
developments and the description of the regime, the literature study was the most important source of
information. A combination of literature sources has therefore been used: scientific articles, reports and
websites.
Interviews
An important part of the data for the research has been collected during semi structured interviews.
The MLP and SNM theory was used to guide questions for the interviewees, but they were given the
opportunity to elaborate on aspects that were important to them.
In the Netherlands 15 people have been interviewed, 7 of them were algae experts, 3 were experts in
wastewater treatment and 5 were interviews with actors of the niche experiment that was used as a
case study.
In Tanzania data were collected during 7 weeks of field research. During the research it turned out that
no experiment with micro algae cultivation has been done. Due to this finding 43 semi structured
interviews were done with actors that would be important at the start of a niche experiment. Therefore
most interviews were done with researchers (16 interviews), food processing companies (10 interviews),
and government officials (7 interviews). It has been tried to get into contact with commercial fish
farmers, but at the locations of the field research only a few small farmers were found who had a small
fish pond for home consumption or local sales without formal knowledge about fish cultivation. 10
interviews were done with people in other categories like NGO’s and non‐food processing companies.
Due to the limited literature that is related to algae cultivation in Tanzania, the interviews with experts
in Tanzania formed an important source of information for the research.
Observations
A part of the interviews was complemented with personal observations. Observations were especially
useful for understanding current ways in which actors work, like current practices for algae cultivation
and wastewater treatment.
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3. Socio‐economic assessment of a niche experiment with sustainable
micro algae cultivation in the Netherlands
3.1 Introduction
The unique properties of micro algae lead to high expectations about micro algae as described in the
first chapter. Therefore the European Union and the Dutch government stimulate algae research
(Rijksoverheid, n.d.) (Rijksoverheid, 2010). In the Netherlands this has resulted in a large research group
on micro algae at the Wageningen University & Research centre (WUR) and several Dutch companies
that cultivate micro algae for high value purposes and large Dutch companies doing research on the
cultivation of micro algae for the production of bulk products. Examples are Ingrepro and Lgem. At
Ingrepro the micro algae chlorella is cultivated in open ponds for high value purposes such as vitamin
pills and food additives for humans and animals (Ingrepro, 2009). Lgem produces the micro algae
Nannochloropsis in closed systems for worldwide use as food supplement (Lgem, 2012).
The socio‐economic feasibility of sustainable micro algae cultivation for bulk products is still uncertain in
the Netherlands. During an experiment in Hallum it turned out that it is not economically viable to
produce biofuels (Kroon, 2012) and after an experiment that was finished in 2010 it was concluded that
the costs for cultivation and harvesting micro algae was also not economically viable for cattle feed
production, even when nutrients from the wastewater of a food processing industry could be used for
free (Waterstromen, 2012). The conclusions of the experiments did not stop the start of new
experiments with micro algae for feed production.
In 2011 a new experiment with micro algae cultivation was started, with the aim of cultivating micro
algae on the wastewater of a potato processor and using the algae as feed for shellfish. In this way the
micro algae can recycle the nutrients in the wastewater for the production of sustainable shellfish. The
advantage of this experiment is that the costs can be reduced because the algae are cultivated on
wastewater and no harvesting of the algae is necessary because the shellfish eat the micro algae while
they are in the water. The socio‐economic feasibility of this ongoing experiment with sustainable micro
algae cultivation is uncertain and therefore it was chosen as a case study for the assessment of the
socio‐economic feasibility of sustainable algae cultivation for shellfish production in the Netherlands.
Therefore the main research question in this chapter is:
‘Is it socio‐economic feasible in the Netherlands to cultivate micro algae as food for shellfish when
wastewater of a food processing industry is used as source of nutrients?
The research question for this chapter is answered by making use of the Multilevel perspective (MLP)
and the theory of Strategic Niche Management (SNM) in combination with a Cost Benefit Analysis (CBA).
The MLP is used to understand the context that influences the niche experiment. The social feasibility is
researched by an actor analysis following the theory of SNM and the economic feasibility is researched
by making use of a financial CBA. Details about the theoretical framework can be found in chapter 2.
This chapter starts with the description of the landscape factors that lead to pressure on the regimes for
shellfish cultivation and wastewater treatment. This is followed by a description of these regimes. The
landscape pressure on the regimes creates opportunities for niche experiments with micro algae. In this
context the niche experiment with micro algae cultivation in Zeeland is analyzed as a case study to
answer the research question for this chapter. The chapter ends with the conclusions where the
research question is answered.
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3.2 Landscape developments
Increasing regulations for fisheries
Overfishing is a major issue in the European Union. Due to the international character of overfishing the
EU restricts the maximum quantity of fish and shellfish that is allowed to be caught each year for every
country in the union. The EU aims with this policy to create a maximum profit for the fish and the
shellfish sector in the future without damaging the environment (EU, 2012).
The mechanization of the shellfish sector in the Netherlands in combination with several years of low
shellfish breed led to a large reduction of the amount of shellfish in the 1990s. The combination of these
factors had a negative effect on the Dutch shellfish sector and on the bird populations that eat the
shellfish. To ensure the future of the shellfish sector, the survival of shellfish eating bird populations and
to comply with the European regulations, the Dutch government decided to reduce the area that was
allowed for shellfish cultivation in the Netherlands with more than 25% (Ens, Smaal, & Vlas, 2004).
After several years of research the Dutch government presented a new policy for shellfish cultivation in
2004, based on three core principles: the creation of a sector that can remain economically profitable,
ecologically sound and with a broad societal acceptance. To reach these goals the government decided
that from 2005 specific types of shellfish would no longer be allowed to cultivate at sea at all and that
other types like mussels would only be allowed under certain restrictions in specific parts of the
‘Waddenzee’ and the ‘Zeeuwse Delta’ with quota that limit the maximum amount of shellfish that can
be produced (Ministerie van LNV, 2004).
Wastewater regulation
Water quality in the European Union is under increasing pressure due to the continuously growing
demand for water of good quality. Therefore, the European Water Framework Directive was ratified in
2000 with the aim to enhance the quality and protection of aquatic ecosystems (EU, 2000). This resulted
for the Netherlands in the ‘Kader Richtlijn Water’ (KRW). Due to these regulations, the water quality of
many water bodies needs to be improved from 2015. In the Netherlands there are many water bodies
with high nutrient concentrations due to the high amounts of nutrients that are used in the agricultural
sector. To comply with the new wastewater regulations, the N and P concentrations in these water
bodies needs to be reduced. This causes problems for wastewater treatment plants in the Netherlands
because many of them discharge effluent in water bodies with N and P concentrations that are too high
according to the new directive. Therefore it is necessary for many sewage treatment plants and
industrial wastewater treatment plants and to reduce the amounts of N and P in their wastewater. With
the existing technologies for wastewater treatment the new regulations will lead to increasing costs for
companies and ordinary people (STOWA, 2011).
Increasing environmental awareness
Worldwide there is an increasing environmental awareness as described in the first chapter. Also in the
Netherlands there is an increasing environmental awareness. Consumers have the impression that
companies have to fulfill an important role in the reduction of climate change and environmental
pollution. They want companies to produce their products in a sustainable way and companies can also
see these effects. For example the consumption of sustainable food products increased with 30% in a
year. The environmental awareness in the Netherlands leads also to an increasing number of producers
who pay attention to corporate responsibility. Corporate responsibility is seen as a way to reduce costs
with new processes and to capture the market of environmental conscious consumers who prefer to
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buy sustainable products. An increasing number of companies require their suppliers to pay attention to
the sustainability of their products. This increasing awareness leads to more attention and efforts for
sustainable production (MVO Nederland, 2012). There are many ways to increase the sustainability of
production processes and reduce costs. Micro algae are seen as one of the potential options to reach
these goals (Wolkers, Barbosa, Kleinegris, Bosma, & Wijffels, 2011) (Norsker, Barbosa, & Wijffels, 2011).

3.3 Regimes
When algae are going to be cultivated for shellfish production on the wastewater of a food processing
industry, it will cause changes in the current regime of shellfish cultivation and the current regime of
wastewater treatment. This will lead to a situation where these regimes will become more
interconnected. To understand the context of the experiment in Zeeland, the regime for shellfish
cultivation and the regime for wastewater treatment will be described.
Regime for Shellfish cultivation
The province of Zeeland in the south‐west of the Netherlands is world famous for its shellfish
production. Since many centuries shellfish are produced in this region and by now millions of kilos of
shellfish are sold each year. The most important shellfish that are cultivated are mussels and oysters
(Provincie Zeeland, 2012). Traditionally, shellfish are completely grown at the coastal waters of Zeeland
and at the Waddenzee. First shellfish breed is caught from shallow sea beds with metal nets scraping
them from the bottom. The bread is brought to places at sea where it can grow further into shellfish
that are big enough for consumption. When the shellfish are approximately 2 years old, they are again
scraped of the sea bed and broad to the shore where they are sold (Productschap Vis, n.d.) (FAO, 2010).
The shellfish industry in the Netherlands is concentrated around approximately 25 companies who are
nearly all based close to Yerseke in Zeeland. Most companies take care of both the supply and
processing of the shellfish. The turnover of the sector was estimated to be around 280 million euro’s in
2009. The sector creates a direct employment of approximately 750 fte (Beukers R, 2010). Although the
shellfish sector itself is relatively small, it is an important contributor to the economy and the
employment in Zeeland (FAO, 2010).
Landscape developments that were described in the former section create pressure in the regime for
shellfish cultivation to change. The mechanization of the shellfish sector in the Netherlands in
combination with several years of low shellfish breed led to a large reduction of the amount of shellfish
at the start of the 1990s. This had a negative effect on the shellfish sector and on the bird populations
that eat the shellfish. This led to the government decision to close more than a quarter of the area at
sea that was allowed to use for shellfish production. The shellfish production increased after this policy,
but decreased again at the end of the 1990s. This can be seen in figure 10.
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Figure 10: Reported aquaculture production in Netherlands (FAO, 2010)

After several years of research, the Dutch government presented a new policy for shellfish cultivation in
2004, based on three core principles: the creation of a sector that can remain economically profitable,
ecologically sound and with a broad societal acceptance. To reach these goals the government decided
that from 2005 specific types of shellfish would no longer be allowed to cultivate at sea at all and that
other types like mussels would only be allowed under certain restrictions in specific parts of the
‘Waddenzee’ and the ‘Zeeuwse Delta’ with quota that limit the maximum amount of shellfish that can
be produced (Ministerie van LNV, 2004).
The shortage of seed and the reduced area that can be used for shellfish cultivation are still important
issues for the shellfish sector. With financial support of the government the shellfish sector has
embarked on programs to increase the yields of shellfish cultivation and reduce the impact on the
environment. This has led among others to experiments with special seed collectors, experiments with a
hatchery for the production of shellfish seed and the experiment with onshore shellfish cultivation that
is used as a case study in this research (FAO, 2010).

Figure 11: Shellfish cultivation at sea (MSC, 2011)
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Regime for wastewater treatment
At the start of the 20th century wastewater was only removed from cities without treatment to improve
public health in the cities. During the second halve of the 20th century the attention was directed to the
collection and collective treatment of wastewater to improve the quality of the water environment
(STOWA, 2010). The current regime for wastewater treatment is still based on this paradigm of an ‘end
of pipe’ solution in which wastewater is collected and treated in a process where high amounts of
energy are used after which clean water and waste remain. For this research a wastewater treatment
plant in Den Bosch has been visited to understand the current process for wastewater treatment. The
process of wastewater treatment is described in the textbox on the next page.
Although nearly all the wastewater is treated in the Netherlands, the quality of the water environment is
at the start of the 21st century still a point of concern in the Netherlands and in the European Union. The
water quality in the European Union is under increasing pressure due to the increasing demand for
water of good quality. Therefore, a European Directive was ratified in 2000 with the aim to enhance the
quality and protection of aquatic ecosystems (EU, 2000). This resulted for the Netherlands in the ‘Kader
Richtlijn Water’ (KRW). Due to this regulation, the water quality of many water bodies needs to be
improved from 2015. This causes problems for wastewater treatment plants because many of them
discharge effluent in water bodies with N and P concentrations that are too high according to the new
directive. Therefore it is necessary for many sewage treatment plants and industrial wastewater
treatment plants to further reduce the amounts of N and P in their wastewater. With the existing
technologies for wastewater treatment, the new regulations will lead to increasing energy use and
increasing costs for companies and ordinary people (STOWA, 2011).
The changing landscape developments that lead to increasing environmental awareness and increasing
regulations for wastewater treatment created new dynamics in the regime for wastewater treatment.
There are new ideas to turn wastewater treatment plants into energy producers and factories of scarce
resources like N, P and K. In this way, wastewater treatment plants could become a source of
sustainable energy and they could help to close the nutrient cycle. For nutrient recycling and energy
production from wastewater it is better to separate wastewater streams at the source because this
makes it easier to separate the valuable components from the rest of wastewater (STOWA, 2010) (Didde
R, 2012). Micro algae are among the options that are currently experimented with for the recycling of N
and P. Wastewater from food processing industries is specifically suitable for nutrient recycling because
it contains high amounts of nutrients and there are often no pathogens or chemicals present. At a
potato processing plant in Zeeland there is an experiment where the nutrient rich wastewater of the
production process is used for micro algae cultivation. The micro algae can be used as nutrients for
shellfish cultivation. This experiment is part of the experiment that is used as case study for this research
in the Netherlands which is analyzed in the next section.
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Conventional sewage treatment at a wastewater treatment plant in Den Bosch
First larger objects like cans and sticks are removed using mechanical bar screens, after which the water
flows into grit tanks where sedimentation of heavy particles like sand and broken glass takes place. The
outgoing water from the grid tanks flows into the primary clarifiers. In the primary clarifiers, sedimentation
of heavy particles takes place while grease and oils come to the surface and can collected from the water
surface. The sediment is collected at the bottom of the tank. The activated sludge process is commonly used
as secondary treatment to remove most of the organic matter. Bacteria are brought into the effluent of the
primary clarifier that flows into the activated sludge tank. The bacteria feed themselves with most of the
organic matter in the wastewater. Extra oxygen is supplied to speed‐up the process. In the secondary
clarifier, the bacteria are collected as sludge at the bottom of the tank. Part of this activated sludge is
returned to enter the activated sludge tank with new primary effluent. The excess amounts of activated
sludge are collected together with the sediment of the primary clarifier and brought to the anaerobic
digester to produce biogas and to diminish the amount of sludge that is leftover. The remaining sludge is
dewatered and burned at specialized waste treatment locations. The treated water flows into natural
water bodies after the secondary clarifier (Tilborg, 2012). A schematic overview of the process can be seen
in the next figure.

Figure 12: Conventional sewage treatment in the Netherlands (adapted from: Heidler & Halden, 2007)

The aerobic part of the wastewater treatment reduces the time and the area that is needed for wastewater
treatment, which is often important due to the high costs and the limited availability of land. The down
side is that it is an expensive process that requires large amounts of energy (Tilborg, 2012).
When wastewater contains high amounts of nutrients it is possible to use an anaerobic digester before the
aerobic treatment process. In this way the organic material is reduced while biogas is produced. In this way
less nutrient need to be removed by aerobic treatment with the activated sludge process, this reduces the
costs of wastewater treatment (Waterschap de Dommel, 2011). In an interview, two wastewater treatment
experts of Royal HaskoningDHV explained that this happens often at food processing industries because of
the large amounts of nutrients in their wastewater (Appelman & Hendriks, 2012).
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3.4 Niche experiment with sustainable micro algae cultivation
In this section the niche experiment with sustainable micro algae cultivation in Zeeland is analyzed with
the theory of Strategic Niche Management (SNM) and with a financial Cost Benefit Analysis (CBA). This
experiment is used as a case study to assess the socio‐economic feasibility of cultivating micro algae as
food for shellfish when wastewater is used as a source of nutrients in the Netherlands. The social
feasibility is assessed with an actor analysis according to the theory of SNM. The economic feasibility is
assessed with a financial Cost CBA.
Introduction to the experiment
The landscape developments that were described in 3.2 create pressure on the regime for shellfish
cultivation to change their way of shellfish cultivation as described in 3.3. One of the initiatives in
response to the regulatory pressure on the shellfish cultivation at sea is the onshore cultivation of
shellfish. The initiative for this niche experiment was taken by the shellfish cultivators of Koninklijke
Prins en Dingemanse and Roem van Yerseke in Zeeland. They started the joint venture Zeeland
Aquacultuur (ZA) to invest together in this niche experiment. Shellfish eat micro algae and therefore
large amounts of shellfish are necessary for onshore shellfish cultivation. Therefore ZA was searching for
a partner that could provide these micro algae.
As described in the landscape developments of 3.2, from 2015 there are stricter regulations for
wastewater that will increase the costs of wastewater treatment. Furthermore there is an increasing
environmental awareness in the Netherlands and companies recognize that corporate responsible
entrepreneurship can lead to financial benefits. This creates interest in the regime for wastewater
treatment to look for new ways of sustainable wastewater treatment that can reduce costs as described
in 3.3. The potato processor Lamb Weston Meijer (LWM) has a potato processing plant in Zeeland where
they produce large amounts of nutrient rich wastewater. According to Van Rij, they have to spend large
amounts of money to comply with the government regulations for wastewater. The use of micro algae
in their wastewater treatment process offers the perspective of a more sustainable way of wastewater
treatment in combination with a reduction of the costs for their wastewater treatment (Rij & Lievense,
2012).
Zeeland has an authority for stimulation of the economic development of the province: Economische
Impuls Zeeland (Impuls). During company visits for an assessment of the opportunities to create a more
bio based economy, both ZA and LWM were visited by this development authority. Impuls brought
these companies together and requested the University of Applied Sciences in Zeeland to research the
possibilities of growing algae on the wastewater of LWM (Michels, 2012). When these results were
positive, a third company was attracted to take care of the technical aspects of the algae cultivation.
This was the company AlgaeLink (AL). Impuls further took care of acquiring a government subsidy that
helped in a financial way to start the experiment (Gunter, Meijerink, Helmendach – Nieuwenhuize, &
Maas, 2010).
Technical aspects of the experiment
LWM continuously produces 200 m3 of wastewater per hour which is equivalent to 1752 million liters
per year. The wastewater of LWM is suitable for algae production because it contains the right nutrients
and no harmful chemicals. The wastewater is currently treated by anaerobic digestion followed by
aerobic digestion by means of an activated sludge process. The general aspects of this kind of
wastewater treatment are described in more detail in 3.3. Van Rij explained in an interview that the
aerobic part of the wastewater treatment accounts for 90% of the total costs. The aim of LWM is to
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keep the anaerobic digester for the reduction of organic compounds and use the algae instead of the
aerobic treatment to remove inorganic compounds like Nitrogen (Rij & Lievense, 2012).
After anaerobic digestion, the wastewater consists on average of 260 mg N/L and 65 mg P/L. An Anphos
reactor is used to decrease the amount of P to an optimal N‐P ratio for the algae of approximately 10:1.
The effluent of the Anphos reactor consists of approximately 240mg N/l and 24 mg P/l. After the Anphos
reactor, the effluent is mixed with ten times the amount of seawater to create brackish water with a
nutrient concentration that is of a suitable composition to grow algae and shellfish. This water is fed into
the algae reactors and when the algae have grown sufficiently, the algae rich water is transported to the
shellfish cultivators who are located at a distance of 5 km from LWM. For the experiment, the algae
water is transported by road, but in the future this will be done with a pipeline if the experiment is
successful (Rij & Lievense, 2012). A schematic overview of the process can be seen in the next figure.
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Figure 13: Schematic process overview of the experiment

During the tests with the wastewater of LWM it turned out that there were still too many large particle
in the wastewater that blocked the light which led to little algae growth. Lievense explained in an
interview that an MBR is going to be added after the Anphos reactor to filter these larger particles out of
the water (Rij & Lievense, 2012).
The CEO of AL explained that they are in the process of developing a closed system for the algae
cultivation that is supposed to have higher yields than open systems. LWM has excess CO2 and heat that
could be used in the future to increase the algae production (Dorpel, 2012).
ZA is experimenting with algae cultivation in open ponds that are used as feed for the shellfish. Every
day half of the water from the algae pond is pumped into the shellfish pond. Both the algae and the
shellfish ponds are rectangular without any cover on the top side. ZA has bought 17 ha of land around
the site of the experiment. The project leader of the experiment expects that they could use a maximum
of 500 to 1000 tons of micro algae per year in the future when their experiment is successful (Vos,
2012).
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For LWM it is most important to remove N from the wastewater. On average 200 mg N per liter needs to
be removed by the algae. The total weight of algae consists on average for 10% of N. Therefore 2g algae
per liter have to be produced to remove enough N. This adds up to a total algae production of 3.5
million kilos of algae per year when all the wastewater of LWM is treated. This is 3.5 to 7 times more
than the maximum amount of algae that ZA maximally can use in the future. The area that is necessary
to treat all the wastewater with algae depends on the growth speed of the algae and the amount of N
that need to be removed from the wastewater.
The average speed of growth of the algae is a point of discussion between different algae experts. In an
interview, the algae expert Kroon advised to calculate for open ponds with an algae production of 5 to
10 tons (Kroon, 2012), while estimates of the productivity from an experiment at Aviko are around 18
tons (Waterstromen, 2012), Norsker (2011) estimates 21 tons and De Vos explained during an interview
at ZA that the results of their experiment are such that he expects that it will be possible to produce 30
to 35 tons per hectare per year with their open systems if everything is optimized (Vos, 2012). LWM and
AL assume that it is possible to reach an average algae productivity of 75 tons per hectare per year with
the closed system of AL, but this productivity has not yet been realized (Rij & Lievense, 2012). When all
the wastewater from LWM would be treated with algae this means that an average area of 47 to 700 ha
is needed to treat all the wastewater of LWM, depending on the algae productivity that is used for the
calculation. Furthermore, in an interview the PhD researcher Boelee explained that the growth speed of
micro algae can become lower when only very low levels of nutrients are allowed to be in the
wastewater. This happened during her research when she tried to reach target effluent of 2.2 mg N/l.
LWM is allowed to discharge effluent with 40 mg N/l. Therefore it is expected that this will not be a
problem for this experiment (Boelee, 2012) (Boelee, Temmink, Janssen, Buisman, & Wijffles, 2011).
When high algae productivity is important it can also be decided to use the wastewater only as a source
of cheap and sustainable nutrients and use another system for nutrient removal after the algae
cultivation. This has been done at an earlier experiment for algae cultivation on wastewater of a potato
processing industry (Waterstromen, 2012).
The difference in light intensity and temperature in the Netherlands makes the algae productivity very
different in different times of the year. The engineering consultancy company Witteveen+Bos calculated
that the algae yield in December in the Netherlands is about 0,04 g/m2/day which is an equivalent of
0,146 tons per ha per year (Waterstromen, 2012). This is far below the average algae productivity in the
Netherlands. When all the wastewater of LWM had to be treated with micro algae in December in open
ponds, an area of 24 thousand ha would necessary to remove enough N.
Next to open systems, it is also possible to cultivate algae in closed systems. Currently it is cheaper to
produce micro algae in open systems, but there are researchers at the WUR who think that it will be
possible to produce algae cheaper with closed systems in the future (Norsker, Barbosa, & Wijffels,
2011). There is no experience with large scale algae cultivation in closed systems. Michels is doing
experiments with a closed algae system in the Netherlands on a small scale. During an interview he told
that he expects that a maximum average productivity of 40 tons per hectare can be realized with his
system, but that it is currently better from an economic perspective to cultivate algae in open systems
on a large scale (Michels, 2012).
Due to the large land area that is needed to treat all wastewater of LWM with the current algae systems,
especially in winter, both Michels and De Vos assume that it is unlikely that all wastewater of LWM will
be treated with micro algae all year round (Michels, 2012) (Vos, 2012).
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Visions and expectations of the niche actors
Impuls
Economische Impuls Zeeland (Impuls) is the development authority of the Dutch province Zeeland. The
aim of this development authority is to increase the economic activity in Zeeland. Impuls is mainly
financed by the regional government and the local governments of the province (Impuls, 2012). In 2009
a program was started to research the possibilities to stimulate the bio based economy by looking for
options to create profitable synergies between companies in Zeeland. During company visits in the
province it turned out that the potato processor, Lamb Weston Meyer (LWM) and the nearby based
shellfish cultivators of Zeeland Aquacultuur (ZA) both were interested to start an experiment with algae.
At Impuls it was expected that these companies could create a profitable synergy that would be in line
with their interests to stimulate the economy in the province and to create a bio based economy.
Therefore Impuls brought these companies together and after it was clear that they wanted to start an
experiment with algae, Impuls helped to find an algae company that could provide the technical
knowledge and systems for the algae cultivation (Gunter, Meijerink, Helmendach – Nieuwenhuize, &
Maas, 2010). Impuls then linked the companies with researchers that could do the lab experiments to
test the suitability of the wastewater of LWM for algae cultivation. When these results were positive,
Impuls took care of the whole process of getting a subsidy from the government that would help to
finance the experiment (Impuls, 2011). Now Impuls has succeeded to bring these companies together
and the experiment has started, they have no active participation in the experiment anymore, but they
continue to organize meetings where the involved companies come together and evaluate the progress
of the experiment (Meijering LJT, 2012). Although Impuls has played a vital role in the organization of
the experiment, their power to influence the further development of the experiment is limited.
Lamb Weston Meijer
Lamb Weston Meijer (LWM) is an international potato processor with a large factory in Zeeland. At this
factory 100 tons of potatoes are processed per hour, the whole year round. During this process 200 m3
wastewater per hour is produced. The wastewater contains no chemicals, but contains high amounts of
nutrients, making it suitable for algae cultivation.

Figure 14: Product line of LWM for potato processing (Saulnier JM, 2007)

During a visit to the potato processing plant of LWM in Zeeland the Operations Manager Environmental
Affairs, Van Rij, explained that the primary reason for LWM to participate in the algae experiment is that
it offers the perspective to a reduction of its costs for wastewater treatment. The algae cultivation is
supposed to replace the aerobic treatment of the wastewater that currently accounts for roughly for
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90% of the investment and operational costs of their wastewater treatment in Zeeland. Furthermore,
algae offer the opportunity for solving another problem of LWM: Every time LWM increases its
production capacity of the factory, they face the problem that their wastewater treatment capacity
becomes insufficient. It is very expensive to replace the complete treatment system for a bigger one, but
it is also relatively inefficient and costly to build a small new treatment plant next to the existing
wastewater treatment plant. Algae are more suitable for modular expansion and could therefore save
costs when more potatoes are to be processed in the future (Rij & Lievense, 2012). The algae are not
only attractive from a financial point of view. LWM wants its production to become more sustainable.
LWM envisions a situation where the mineral loop is completely closed by cultivating algae on their
wastewater after which the algae are used by the shellfish cultivators and the wastewater is so clean
that is can flow directly into the surface water (Lamb Weston / Meijer, 2011). Therefore the interest of
LWM in micro algae cultivation on their wastewater is high.
If the experiment is successful, LWM wants to scale it up such that all the aerobic wastewater treatment
is replaced by algae in 2017 or 2018. Due to the high expectations of AL about the productivity of the
algae with their systems, LWM expects that 30 to 40 hectares will be enough to replace the complete
aerobic treatment with algae cultivation systems. LWM provides the location, electricity wastewater for
the experiment of AL and one of their employees is the daily operator of the test facility (Rij & Lievense,
2012).
The power of LWM to influence the experiment is high because LWM is a large multinational company
that is part of ConAgra foods which has an annual turnover of $14 billion (Dendooven, 2012) and they
provide the wastewater which is the source of nutrients for the micro algae cultivation.
Zeeland Aquacultuur
Zeeland Aquacultuur (ZA) is a joint venture of the shellfish cultivators ‘Koninklijke Prins en Dingemanse’
and ‘Roem van Yerseke’. Due to the increasing regulatory pressure from the government on the current
regime for shellfish cultivation that was described in 3.3, they decided to start an experiment with
onshore shellfish cultivation. Additional advantages of the onshore shellfish cultivation are that they will
become less dependent on the amount of shellfish seed that can be highly variable over the years and
the shellfish yields could be increased because it is expected that less shellfish will die during the first
part of their life when they are still vulnerable for diseases and predators. For the onshore shellfish
cultivation large amounts of micro algae are necessary. Researchers from the WUR thought that it
would not be a problem to produce these algae and several algae companies told in advance that they
would be able to supply them. By the time the experiment for onshore shellfish cultivation was started
and the algae were necessary, it turned out that in reality no one could provide the required quantities
of algae or guarantee the required security of supply. Therefore the shellfish cultivators decided to
invest extra money for additional experiments with the selection and cultivation of the micro algae that
they need for the shellfish cultivation (Vos, 2012).
De Vos is project leader of the experiment at Zeeland Aquacultuur. He explained in an interview that the
primary aim of the shellfish cultivators is to be able to continue with shellfish cultivation in a profitable
way by cultivating shellfish onshore. The shellfish cultivators decided to join the algae experiment with
LWM because they hope that they can get a reliable and cheap source of algae so that they can stop
cultivating algae themselves and concentrate on their core business: the shellfish cultivation. The algae
company AL seemed to be an ideal partner at the start of the experiment because they would be able to
supply the necessary algae together with LWM. Until now, AL is not able to supply the algae and
therefore ZA continues to cultivate the algae themselves in open pond systems. Next to the subsidy of
the government ZA has invested approximately 2 million euro’s in the experiment for onshore algae and
shellfish cultivation (Vos, 2012).
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The regulatory pressure creates a high interest for ZA to continue with the experiment. The technical
knowledge that they have already acquired and their ability to finance a large part of their own research
makes them also a powerful actor in this experiment.

Figure 15: Basins for algae and shellfish cultivation at Zeeland Aquacultuur (Transfer, 2011)

AlgaeLink
AlgaeLink (AL) is a Dutch algae company that designs and constructs algae cultivation equipment. They
make use of closed Photo Bio Reactors (PBRs) for small scale algae cultivation for high value products.
AL wants to make profit out of selling their technology for algae cultivation. With the experiment in
Zeeland AL can gain experience with the application of their systems for the production of relatively
large quantities against low costs. When the system works well, they can sell the technology
immediately to LWM on a large scale. AlgaeLink provides the algae cultivation technology and the
knowhow for the operation of their algae system. In an interview, the CEO of AlgaeLink explained that
he is convinced that closed systems are the best way to cultivate algae because they enable a higher
algae productivity than open systems and they would be more suitable for algae cultivation during the
winter. AlgaeLink expects to be able to produce 75 tons of algae per hectare per year when they make
use of the wastewater, excess process heat and CO2 of LWM (Dorpel, 2012).
AL can influence the experiment when they are able to get their system working and produce the
amount of algae that they predict, but for them it is not a serious problem if their technology is not
suitable for this purpose because they are primarily a supplier of algae cultivation systems for small
amounts of algae for high value products.
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Figure 16: Explanation of the algae cultivation system of AlgaeLink at the test site of LWM (Lievense, 2012)

Researchers
At the start of the experiment, researchers of the WUR and the University of Applied Sciences Zeeland
(UASZ) have given advice about the experiment. At the UASZ experiments at lab scale with the
wastewater of LWM have been done to test if the water would be suitable for algae cultivation. There
has been no active involvement of researchers since the start of the experiment (Michels, 2012) (Vos,
2012).
The role of researchers is limited in this experiment because they have not been involved after the start
of the experiment, therefore there power and interest are low. Researchers could get a more influential
role when they would be consulted to solve the currently existing technical problems and it could be
that the experiment will be of interest to researchers when a working prototype is developed.
Government
The national government wants to create a bio based economy. Algae are one of the options to reach
this goal and therefore the government stimulates algae research (Rijksoverheid, 2012).
The government has no active role in the experiment, but indirectly the government has been important
because they provided subsidies that made it more attractive for the other actors to start the
experiment (PZC, 2011). Furthermore Impuls has been important for the start of the experiment
because they brought the companies together who started the experiment and they arranged a
government subsidy that made the experiment financially attractive. Impuls itself is mainly financed by
regional and local governments and therefore the national, regional and local governments have also
been important for the experiment in an indirect way. Furthermore, the government regulations are the
primary reason that ZA started to experiment with onshore algae cultivation and the government
regulations were an important reason to experiments with micro algae cultivation on wastewater.
Therefore the government can be seen as powerful actor, with a large influence this experiment. The
results of the experiment are also of interest to the government because the experiment can lead to
more economic development of the country and it can improve the environment.
Users and societal groups
The shellfish that are produced in the experiment are not yet for sale and there is no information about
the visions or expectations of users about onshore cultivated shellfish. In this research no societal
groups or users have been found who have abjections against the experiment.
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Influence of the actors on the experiment
From the actor analysis it can be concluded that the different actors have different power and different
interests that can influence the niche experiment. To assess the influence of the actors on the
experiment a power interest matrix is constructed. The power of the actors is divided into 4 different
aspects: technical, financial, regulatory and organizational. This can be seen in the next table.
Power

Interest
Technical

Impuls
ZA
LWM
AL
Researchers
Government

‐
+
+
0
‐
++

+
++
++
++
0
+

X
X
X
X

Aspect of power
Financial
Regulatory

Organizational
X

X
X

X

X

Table 2: Power and interest of actors

From table 2 it can be seen that the three companies that are currently most active in the experiment
also have the highest interest to make the experiment successful. The shellfish cultivators of ZA have the
highest interest in the experiment because they need to find a new way of shellfish cultivation due to
the government regulations. The government is the most powerful actor that influences the experiment
because they have the power to make regulations for shellfish cultivation and wastewater treatment
that forces other actors like ZA and LWM to change their current practices and start niche experiments
with new technologies. Furthermore the government can direct this process of experimenting with new
technologies by giving financial incentives, like the subsidies that were provided for the experiment with
micro algae cultivation. It is in the interest of the government if the experiment is successful because
this will stimulate the economy and the environmental quality in the Netherlands, but the interest is
lower than for the companies that are directly involved in the experiment. The government does not
influence the current processes in the experiment, therefore they can be seen as important context
setters. The other powerful actors are ZA and LWM because they have technological knowledge and the
power to invest in the experiment. Especially LWM has high financial power because of their large
turnover. AL has limited power in the experiment because ZA is by now also able to produce algae and
therefore ZA and LWM are not solely dependent of the knowledge and the equipment of AL. There is
still a high interest of AL to develop a system for algae cultivation that is more profitable than the
system of ZA because it is likely that they can make a profit out of it when their technology works well
and they can sell it to LWM and ZA and use their new knowledge for other customers. In the current
stage of the experiment, Impuls has no active role in the experiment and therefore they have little
power to influence it. There is still interest in the success of the experiment because that would
stimulate the economy of Zeeland which is the primary aim of Impuls. Researchers are currently not
involved in the experiment and therefore they have little power or interest. It could be in favor of the
experiment to involve them more actively so that their knowledge can be used to solve technical
problems and optimize the profitability of the system.
Generally it can be concluded that no actors have been found in this research who are against the
experiment.
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Changing actor network and expectations
At the start of the experiment, Impuls was the central actor in the actor network. They had contacts
with LWM, ZA and later with AL. Impuls brought these actors into contact with each other and when
they decided to commit themselves to work together in the experiment, Impuls did all the contacts with
the government to get the subsidy for the experiment and they linked the companies with researchers
of the UASZ that could do the lab experiments. Therefore Impuls started as the central actor of the
network. At this point in time the expectations of the actors were not very specific but the main vision
was shared by all the actors: AL would cultivate the algae on the wastewater of LWM so that LWM
would get clean water and ZA the algae so that they could concentrate purely on shellfish cultivation.
After the start of the process the government and the researchers were not further influential in the
network. Impuls only went on organizing meetings between the actors, but they also had no active role
in the network. From this point the key actors in the actor network were only three companies: LWM,
ZA and AL.
This can be seen in the next figure where the actors that were important at the start are blue and the
actors that are still important are red.

Figure 17: Actor network
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The actors that are currently most important in the experiment are LWM, ZA and AL. These companies
are all actively working to improve the technology for the algae cultivation on the wastewater of LWM.
During the experiment the expectations of these three actors have become more specific and this has
led to a partly misalignment of the current visions and expectations. LWM and AL expect that algae can
replace the complete aerobic treatment of the wastewater of LWM and that the algae can be used by
ZA. AL expects further that this will be possible with their closed algae production systems. ZA expects
that it will be cheaper to produce algae in open pond systems. Until now AL is not capable to supply
algae to ZA. Because ZA expects that open ponds systems will be more suitable for the algae cultivation,
they decided to do their own experiments with algae cultivation in open pond systems. It is therefore
possible that ZA will make use of the wastewater of LWM without the systems of AL. Furthermore, ZA
only wants to make use of part of the wastewater of LWM for algae cultivation. The exact amount is
dependent on the season. During winter they will only need a small amount of algae and therefore they
can only treat a small part of the wastewater. There is currently no other actor interested in the algae if
LWM would produce more algae on its wastewater. Assuming that LWM will not produce more algae
than ZA can use, this means that LWM has to continue to treat at least part of their wastewater with
aerobic treatment and in winter they have to treat practically all their wastewater in the conventional
way.
The current network of active actors consists of three companies that are dedicated to the experiment.
This can be seen as a small network of dedicated actors. According to the SNM theory, social networks
contribute most to a niche experiment when they are broad and deep. The network consists of deeply
involved actors, but the network is not broad. As can be seen from figure 17, many actor groups that are
important according to the SNM theory are (nearly) not involved in the experiment. The most important
actor groups that are missing in this stage of the niche experiment are experienced algae cultivators and
researchers. As described in the introduction of this chapter, there are several companies with
experience in commercial algae cultivation and there are researchers at the WUR and the UASZ with
knowledge about algae cultivation that could contribute to the experiment. Furthermore it could be of
importance to improve contacts with the government to find out if there are any regulatory hurdles that
have to be taken care of. Lastly it would be helpful to involve users; customers who want to buy shellfish
to find out about their opinion about onshore cultivated shellfish. Therefore it can be concluded that the
niche experiment and the niche actors could benefit from extension of the actor network. Also other
algae cultivators could benefit from the knowledge of the actors in this experiment thereby improving
the global niche for micro algae cultivation.
The development of the algae cultivation technology seems to evolve different from the theory of
Douthwaite as depicted in figure 8. According to Douthwaite, a new technology is developed by
researchers in an R&D team that develops a best bet that is made into a prototype. This prototype is
further developed by innovative key stakeholders. From the case study it can be seen that this sequence
cannot be found during the experiment in Zeeland. Currently there is no consensus among researchers
weather open or closed systems are the best bet and there is also no consensus among researchers
which types of open or closed systems will perform better. The innovative key stakeholders of ZA, LWM
and AL did not wait until researchers have created consensus about this issue, but started to experiment
themselves with algae cultivation systems which has resulted in the current disagreement between ZA
and AL about whether it is better to use open or closed systems for the micro algae cultivation. Because
of this case study and the fact that there are already commercial algae cultivation companies it is
possible that commercial companies have already more knowledge about the practical aspects of algae
cultivation and that researchers are behind with their knowledge about these practical aspects. It can
therefore be concluded that the technology for the micro algae cultivation in this experiment is still in
between the development and the start‐up phase of figure 8, while the actors in the actor network are
similar to the actors in between the start‐up and the adaptation phase of the theory of Douthwaite.
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Also in comparison to figure 6 it can be seen that the niche experiment is still in an early stage of the
innovation trajectory. This is depicted by the small diverging arrows that represent the small networks
of actors with diverging visions and expectations that form the basis for the experiments.
Learning processes
During an innovation process, learning takes place in three different stages. These are learning to be
effective, learning to be efficient and learning to expand (Korten, 1980).
At the experiment in Zeeland the actors are in the process of learning how to make the systems for
micro algae cultivation on wastewater work effective. The actors have limited experience with micro
algae cultivation and they are still trying to improve the effectiveness of their cultivation systems to get
higher algae yields. Therefore the focus of the experiment is on learning to be effective. This is the first
stage of learning in an innovation process. This is another indication that the experiment is in an early
stage of the innovation process.
As described in the former section, there is a misalignment between the actors due to their expectations
about the productivity of algae in different systems in different times of the year. To align these
expectations more learning about the technical aspects that influence the effectiveness of the systems
need to take place. Learning needs to take place about basic assumptions of the average algae
productivity over the year and the productivity in different times of the year. With the current algae
technology, the productivity of the algae is too low to make algae a useful alternative for conventional
wastewater treatment. Learning about the influence of making use of extra CO2, waste heat and
artificial lighting could change this in the future.
Learning about the technical aspects of algae production is important, but for the actors it is also
important to learn about the financial feasibility of the micro algae cultivation to decide whether it is
useful for them to continue with the experiment. To get more insight in the financial feasibility a
financial cost benefit analysis is done in the next section.
Cost Benefit Analysis
The experiment in Zeeland is used as a case study to assess the economic feasibility of algae cultivation
on wastewater for shellfish production from an investor’s perspective. The economic feasibility is
assessed with a financial Cost Benefit Analysis (CBA).
Assumptions
General assumptions
The CBA is done for the situation in which ZA invest in all the shellfish and algae cultivation systems and
earns all the profits. Thereby it is assumed that LWM will supply the necessary amount of wastewater
for free.
It was decided not to include the costs and benefits for LWM because there is insufficient information
about the costs that can be reduced for LWM and what extra costs LWM possibly needs to make.
Due to the uncertainty about the feasibility of the technology that AL uses, it was decided to assume a
situation in the CBA where ZA cultivates both the algae and the shellfish in open ponds. Therefore ZA
will have all the costs and benefits of the project in this CBA.
The CBA is done for a period of 10 years. The inflation in the Netherlands has been 1.89% over the last
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ten years (CBS, 2012). The same rate of inflation is taken in the financial CBA. It is assumed that capital
can be used at an interest rate of 10% (Sikking, 2012).
Following Norsker (2011), an average depreciation of equipment in the CBA is 10% per year. It is
assumed that the land will remain its value and can be sold at the end of year 10 for the same price as it
was bought. For the case study it is assumed that agricultural land is bought at a price of 70000 euro per
hectare for the combined shellfish and algae cultivation. This is the same price that was paid for the land
where the current experiment of ZA takes place (Vos, 2012). It takes two years for the shellfish to
mature and therefore the first income is earned in year 2 while the recurrent costs already start in year
one.
Wastewater
To comply with the government regulations, LWM wants to reduce the N concentration in its
wastewater with 200 mg N/l with the micro algae. Due to the land requirement of up to 24 thousand ha
that is necessary for the treatment of all the wastewater of LWM, it was decided to do the CBA for a
more realistic situation in which an average of 5% of the wastewater of LWM is treated with algae
instead of the aerobic treatment. In the sensitivity analysis, the influence of the scale of wastewater
treatment is also assessed by looking at the effects of treating other amounts of wastewater with algae.
It is assumed that LWM will supply wastewater to ZA for free in such a state that the costs for the
pretreatment are the same as for regular medium preparation and filtration as calculated by Norsker
(2011). As described in 3.4, there are still problems with the pretreatment of the wastewater of LWM at
a large scale. It is assumed in the CBA that these problems are solved.
Algae and shellfish production
For the financial CBA it is assumed that open ponds are used because ZA is satisfied with the results of
the algae cultivation in open ponds and three algae experts with practical experience with algae
cultivation have indicated during interviews that this is currently the most economical way to cultivate
algae (Vos, 2012) (Michels, 2012) (Kroon, 2012).
The average growth speed of the algae is a point of discussion between the different algae experts as
was discussed in the section about the technical aspects of the experiment. Due to the variation in the
opinion of these experts it was decided to do the calculations with an average algae production of 20
tons dw/ha/year. This is close to the average value of the estimations of the experts that have been
interviewed. In practice only 80% of the land can be really used for algae cultivation (Norsker, 2011).
Therefore the real production per hectare is 16 tons dw/ha/year. In the sensitivity analysis, the influence
on the CBA of the extreme values that were estimated by the experts can be seen.
From one kg dw algae 3 kg shellfish can be produced at a space that is 1/3 of the required space to
cultivate the algae, which is equivalent to 25% of the total space that is used for algae and shellfish
cultivation. The shellfish can be sold at an average value of 5 euro’s per kg (Vos, 2012).
Investment and recurrent costs
No detailed data from ZA are known about investment and recurrent costs for the algae cultivation.
Norsker (2011) has calculated the investment and recurrent costs for micro algae cultivation in open
ponds on an area of 1 and 100 ha in the Netherlands. Therefore these data are used for the general
investment and recurrent costs of micro algae cultivation for this financial CBA. ZA uses similar ponds for
algae and shellfish cultivation. Therefore it is assumed that the investment and recurrent costs are the
same for the algae and the shellfish cultivation. It is further assumed that all costs will increase linearly
between the known costs for a scale of 1 ha and 100 ha. Some changes are made in the investment and
recurrent costs compared to Norsker (2011): The costs for the centrifuge are set to 0 because no
centrifuge is necessary when the algae are fed directly to the shellfish. The costs for the culture medium
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are 0 because it is assumed that this will be supplied for free by LWM. The cost of carbon dioxide is 0
because normal air is used for the algae cultivation at the experiment and otherwise LWM could supply
this for free because they have excess carbon dioxide.
It is assumed that one investor will do all the investments. In this case this is assumed to be ZA because
they will also get all the profits from the shellfish that they can sell.
More details about the assumptions of the investment and recurrent costs and the source of the
assumptions can be found in appendix II.
Results
From the cash flow statement in table 3 it can be seen that the investment costs are 8.5 million euro’s
and the Net Present Value (NPV) of the project is 4 million euro’s after year 10. The Real Internal Rate of
Return (IRR) is 16% and the Pay Back Period (PBP) is between 6 and 7 years. Therefore it is profitable
from an investor’s perspective to invest in this project under the current assumptions. Some of the
assumptions are uncertain and therefore a sensitivity analysis is done to get a better understanding of
the investment risks. The results of the sensitivity analysis can be seen in table 4.
CBA in constant prices
Year
InvestmenVariable cost Benefits
0 8474164
0
1
0
480431
2
0
480431
3
0
480431
4
0
480431
5
0
480431
6
0
480431
7
0
480431
8
0
480431
9
0
480431
10
0
480431
NPV
Real IRR

Nett CF
0
0
2628000
2628000
2628000
2628000
2628000
2628000
2628000
2628000
3650000

‐8474164
‐480431
2147569
2147569
2147569
2147569
2147569
2147569
2147569
2147569
3169569

Discount f Discounted NC Cumm DNCF
1
‐8474164
‐8474164
0,926273
‐445011
‐8919175
0,857981
1842573
‐7076601
0,794725
1706725
‐5369876
0,736132
1580893
‐3788983
0,681859
1464338
‐2324644
0,631587
1356377
‐968268
0,585022
1256375
288107
0,54189
1163746
1451853
0,501938
1077946
2529799
0,464931
1473632
4003430

4003430
16%

Table 3: Cash flow statement, CBA in constant prices
Sensitivity analysis
Variable
% Wastewater treated
% Wastewater treated
% Wastewater treated
price shellfish
algae production
algae production
shellfish production
Conversion efficiency
labor
Investment costs
investment costs
recurrent costs
recurrent costs

Value
1%
10%
20%
4
5000
35000
25% decrease
2 times algae
100% increase
25% increase
50% increase
25% increase
50% increase

Real IRR NPV
switching value
3%
‐502605
1.4%
17%
9635974
1.4%
20%
20901061
1.4%
10%
957019
3,7
‐8%
‐22409922
10999
30%
7776766
10999
9%
347754
104837
6%
‐1004523
2,2
14%
3003838
450856
11%
1884889
12477594
8%
‐233652
12477594
14%
3196025
1075973
13%
2388619
1075973

Table 4: Sensitivity analysis
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From the sensitivity analysis it can be seen that the scale at which the wastewater is treated is an
important variable for the viability of the project. The base case of the CBA has been calculated for the
case where an average of 5% of the wastewater of LWM is treated. Therefore an area of nearly 15 ha is
necessary. When only one percent of the wastewater of LWM is treated, the IRR is 3% and the NPV is
minus 0.5 million euro’s. With increasing scale the project becomes more profitable. The switching value
is at 1.4% which is equivalent to a size of 4.2 ha for the combined algae and shellfish production. This is
the minimum scale at which the project is profitable. Because the scale at which the wastewater is
treated can be decided upon by the stakeholders themselves it is expected that the minimum scale will
not be a direct problem. This means that an investor needs to invest more money to make the project
more profitable.
The price at which the shellfish can be sold is an important variable for the CBA. When the value of the
shellfish goes down from 5 to 4 euro per kilo, the profits decrease more than 75% to less than a million
euro’s. The chance that this happens is small because the demand for shellfish increases nationally and
globally (Productschap Vis, 2012) (WUR, 2011).
Different experts in the Netherlands have different opinions about the average algae production that
can be realized at large scale in the Netherlands with open ponds. The lowest estimated value of 5 tons
per hectare per year will lead to an unprofitable business case with a loss of 22 million euro’s. This is a
serious risk because there is little practical knowledge about realistic average algae yields over a
complete year when algae are cultivated at a large scale in the Netherlands. The highest estimated algae
productivity in open systems of 35 tons dw/ha/y will nearly double the profits to 7.7 million euro’s.
According to De Vos it is possible to realize a conversion efficiency of 1 kg algae (dw) to 3 kg shellfish (at
harvest). When the shellfish would be less efficient and the conversion rate becomes less than 1 kg
algae to 2.2 kg shellfish, the project would not be profitable anymore. The information about the
conversion efficiency of algae to shellfish comes from an interview with the project leader of ZA. No
other sources have been found that could verify this conversion ratio. Therefore it is difficult to estimate
the robustness of this assumption which makes it a relatively high risk.
The productivity of the shellfish is calculated on the basis of the assumption about the productivity of
micro algae and information from De Vos, about the conversion efficiency of algae into shellfish and his
experience that three algae basins are necessary for cultivation shellfish in one basin of the same size.
When the productivity of the shellfish is more than 27% below the calculated productivity, the project
would become unprofitable. Due to the influence on the CBA of this variable and the uncertainty about
the algae productivity and the conversion efficiency of algae into shellfish, this assumption is judged to
be influential and relatively uncertain.
At the chosen scale of 5% wastewater treatment ‐ which is equivalent to nearly 15 hectares – the labor
costs are the highest recurrent costs. A doubling of the labor costs leads to a reduction of 25% in the
total profits, but still results in an NPV of 3 million.
When the total investment costs or the total recurrent costs would increase 25%, the CBA is still
positive. A scenario in which the total investment or recurrent costs would turn out to be more than
25% higher seems unlikely.
Overall it can be concluded that the investment is profitable with the current assumptions, but there are
some variables of which the exact value is both uncertain and influential on the profitability of the
investment. The variables with the highest risk of leading to an unprofitable investment are the
productivity of algae, the productivity of shellfish and the conversion efficiency of algae into shellfish.
These three variable are the most important to do detailed research on in further experiments to get
more robust information about their value.
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Excluded costs and benefits
The costs and benefits of the experiment for LWM are not included in this CBA. LWM will benefit from
lower costs of wastewater treatment and they could benefit from a green image of the algae that they
help to produce, but it is not known how much profit this will create. Furthermore, LWM will have the
extra costs of installing a Membrane Bioreactor (MBR), but during an interview at LWM it became clear
that the LWM plant in Zeeland can use an unused MBR from another plant of LWM. Therefore these
costs are expected to be negligible in this situation, but they could be influential in other experiments.
The profitability of the project could be higher than the current CBA due to the European carbon trading
emission scheme. The algae capture CO2 for their growth and therefore the actors could earn carbon
credits with their micro algae cultivation.
The costs of transportation of the wastewater of LWM to ZA are not included in the CBA, this will make
the actual costs of algae cultivation higher than in the current CBA. For further experimentation with the
cultivation of micro algae on wastewater it needs to be taken into account that the productivity of micro
algae can decrease when only low amounts of nutrients are allowed to be in the effluent. This could lead
to higher costs.
Over the years there are other benefits of the micro algae cultivation that could lead to higher profits
that are more difficult to quantify. Examples are the value of the knowledge that is acquired in this
experiment, the environmental benefits and the influence on a positive image for the companies that
are involved.
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3.5 Conclusions
The main research question for this chapter was: ‘Is it socio‐economic feasible in the Netherlands to
cultivate micro algae as food for shellfish when wastewater of a food processing industry is used as
source of nutrients?’
The answer to the research question is based on literature, expert opinions, observations and case
study. The case study was focused on an experiment where micro algae are cultivated as food for
shellfish on the wastewater of a potato processing factory. This experiment offers the opportunity to
recycle nutrients with micro algae for sustainable shellfish cultivation while the cost of wastewater
treatment can be reduced.
Landscape developments that create pressure on the regimes for shellfish cultivation and
wastewater treatment
Increasingly strict government regulations against over fishing and regulations to protect the
environment of the coastal waters, force the Dutch regime for shellfish cultivation to change. Due to this
pressure, two shellfish cultivators decided to start a joint venture called Zeeland Aquacultuur (ZA) for an
experiment with onshore shellfish cultivation. Shellfish eat micro algae and therefore the shellfish
cultivators need large amounts of micro algae when their experiment becomes a success.
The agricultural sector creates a surplus of nutrients in the Netherlands. Due to a European directive,
the regulations for wastewater treatment will become stricter for the removal of nutrients from
wastewater. Furthermore there is an increasing environmental awareness in the Netherlands. This
combination of landscape developments leads to changes in the regime for wastewater treatment.
Within the regime there is a changing vision where surplus nutrients are not seen any longer as a source
of waste, but as a valuable source that can change a wastewater treatment plant into a profitable
factory of important resources. Micro algae are seen as a promising way to extract these nutrients from
the wastewater. A potato processing factory of Lamb Weston Meijer (LWM) produces large amounts of
wastewater with high nutrient concentrations without other contamination. This makes the wastewater
specifically suitable for micro algae cultivation. That is why LWM decided to start an experiment with
micro algae cultivation on its wastewater to reduce the costs of wastewater treatment and become
more sustainable.
LWM is located close to the shellfish cultivators of ZA. Therefore both actors could benefit, when part of
the nutrients in the wastewater of LWM are removed by algae and the algae are fed to the shellfish of
ZA. This way of nutrient recycling offers the perspective of increased sustainability and a cost reduction
for both actors.
Social feasibility of the niche experiment
Visions and expectations of the actors in the niche experiment
From the case study it can be concluded that all involved actors have positive visions and expectations
about the experiment, but that the reasons that they participate in the experiment are different.
The shellfish cultivators of ZA expect that the strict government regulations for shellfish cultivation in
coastal waters will make it profitable to cultivate shellfish onshore. Therefore they have a high interest
in the experiment. Until now they were not able to find a company that can supply the micro algae that
they need for the onshore shellfish cultivation. Therefore they started to cultivate the micro algae in
open systems themselves, next to the shellfish cultivation. The potato processors of LWM expect that
micro algae cultivation on their wastewater can replace the aerobic treatment of their wastewater. They
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expect that this will reduce their costs of wastewater treatment and make the process more sustainable.
Therefore it can be concluded that LWM has a high interest in the experiment as well. AlgaeLink (AL)
supplies closed systems that are normally used for the production of small amounts of algae for the
production of high value products. AL expects that they can sell more of their systems when they get
experience with the cultivation of algae with their systems at a large scale. Until now their systems for
micro algae cultivation do not function well in the experiment.
The province Zeeland where both ZA and LWM are located has an authority for economic development
called Impuls. Impuls is mainly financed by the regional and local governments of Zeeland. Impuls
expects that this experiment can stimulate the economic activity in the province and lead to a more bio
based economy. Impuls visited ZA and LWM in 2009 and brought them into contact. Furthermore they
brought them into contact with AL and they arranged a government subsidy for the experiment. Impuls
is currently not actively involved in the experiment anymore. It can be concluded that the Dutch
government is a powerful actor that is indirectly involved in the experiment because they provided a
subsidy for the experiment and they have made the regulations that have led to the start of the
experiment.
During the research no actors or actor groups have been found who are against the experiment or try to
prevent the experiment from taking place.
From interviews with algae experts it can be concluded that there are large differences between
estimations of the average productivity of micro algae when they are cultivated at a large scale in the
Netherlands. The expectations differed between a production of 5 tons per hectare per year to a
production of 75 tons per hectare per year. Thereby it needs to be taken into account that the
productivity of the algae can be below these estimations when low target nutrient concentrations for
wastewater effluent need to be reached. The different expectations have led to a situation where the
shellfish cultivators have decided to experiment with open systems because they expect that these
systems will be more economical, while AlgaeLink is experimenting with its closed systems.
Due to the expectations of AlgaeLink to produce 75 tons per hectare per year with the closed system
that they produce, the potato processors expect to be able to replace their complete aerobic
wastewater treatment with the micro algae. The technology of AlgaeLink has not yet offered the
expected algae productivity. It was calculated with data from earlier research that, with currently used
open systems, complete replacement of the aerobic treatment of LWM with micro algae would require
an area of 24 thousand hectares. This area is necessary because the productivity of micro algae is nearly
zero in winter. Therefore it can be concluded that with the current technology for algae cultivation it is
unrealistic to replace the complete aerobic wastewater treatment of LWM with algae. It is possible to
treat part of the wastewater of LWM on a smaller area. The fluctuation of the algae production is no
problem for the shellfish cultivation because the growth of shellfish fluctuates similarly with the
seasons.
The misalignment about the algae cultivation systems could lead to problems during the rest of the
experiment. The misalignment does not need to mean the end of the experiment because the actors
complement each other and therefore there are good reasons to continue for all of them. When the
misalignment continues it could however be possible that the actors continue without each other
because both ZA and LWM have shown to have the financial resources to invest in their own parts of the
experiment.
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Actor network
Since the start of the experiment only the shellfish cultivators, the potato processors and AlgaeLink have
been actively involved in the experiment. Therefore it can be concluded that there is a small actor
network of three dedicated actors. There are high expectations about the opportunities of the algae, but
between the actors there are different expectations about the productivity of micro algae and about the
best design for the algae cultivation system. None of the actors has a background in large scale micro
algae cultivation while there are still problems with the cultivation of the micro algae on the wastewater
of LWM. Research from SNM scholars shows that broad actor networks contribute more to learning
processes in niche experiments. In the Netherlands there are researchers with knowledge about micro
algae cultivation and there are commercial companies with experience with large scale algae cultivation,
but they are not part of the actor network. Therefore it can be concluded that the experiment could
benefit from an extension of the actor network with researchers and other commercial algae cultivators
to increase the knowledge sharing between them.
From the case study it can be concluded that the algae technology is still in an early phase of the niche
development; the actor network is small, there is no dominant design for the technology and there are
different visions and expectations about the application of the technology. In figure 6 this phase is
characterized by many diverging arrows that are not yet pointing in the same direction.
In contrast to the theory of Douthwaite (2002), it can be concluded from the case study that in the
experiment in Zeeland, innovative key stakeholders have started to learn about and adapt a technology
before there is a best bet from researchers. When the experiment leads to a consensus about the best
technology it would mean that innovative stakeholders do not only adapt a technology, but that it also
happens that innovative stakeholders develop a best bet before this is done by researchers.
Stage of learning
The learning processes in the experiment are mainly about how to make the technology work effective.
According to Korten (1980) this is the first stage of learning in an innovation trajectory. Therefore this is
another indicator that this niche experiment is still in an early phase of the innovation trajectory.
The current learning processes about the technology have mainly led to diverging visions and
expectations of the actors. Further learning from the experiment could help to align the visions and
expectations to become more realistic. Extending the actor network with actors that have more
knowledge about these aspects could help to speed up the learning processes and make the technology
more effective and efficient. Furthermore these actors could also do experiments that could stimulate
the innovation process.
When summarizing these findings it can be concluded that the niche experiment is in an early phase of
the innovation process. There is uncertainty about the productivity of the algae and there are technical
problems to be solved with the cultivation of the micro algae on the wastewater, but learning about
these problems through the niche experiment and through knowledge sharing in an extended actor
network can help to solve these problems. The actors that are involved in the experiment have positive
expectations about the experiment and both in the literature and during interviews no actors were
found that are against the experiment. Therefore it can be concluded from this research that it is socially
feasible in the Netherlands to cultivate micro algae as food for shellfish when wastewater of a food
processing industry is used as source of nutrients.
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Economic feasibility of the niche experiment
The economic feasibility of the experiment has been assessed with a financial Cost Benefit Analysis
(CBA). The analysis has been done for a situation where the experiment is carried out with open pond
systems. The CBA was mainly based on information from Norsker (2011) and interviews with ZA and
LWM. The financial CBA shows that with the current assumptions, this project is profitable from an
investor’s point of view when it is done at a sufficiently large scale. The minimum scale is approximately
4 hectares. When micro algae are cultivated on 5% of the wastewater of LWM, an area of 14.6 ha is
necessary for the combined algae and shellfish cultivation. Therefore an investment of 8.5 million euro’s
has to be done that will lead to an NPV of 4 million euro’s after 10 years.
Due to the early stage of the innovation it was necessary to make assumptions for the calculations in the
financial CBA. The most uncertain and influential assumptions are the productivity of algae, the
productivity of shellfish and the conversion efficiency of algae into shellfish. Further experimentation is
important to get more reliable information about these variables.
Answering the research question
The main research question for this chapter was: ‘Is it socio‐economic feasible in the Netherlands to
cultivate micro algae as food for shellfish when wastewater of a food processing industry is used as
source of nutrients?’ From this research it can be concluded that the answer to this question is yes: with
the assumptions that have been made, it is both feasible from a social and an economic perspective in
the Netherlands.
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4. Socio‐economic assessment of niche opportunities for sustainable
fish production with micro algae in Tanzania
4.1 Introduction
Countries with a tropical climate are theoretically more suitable for micro algae cultivation than
countries with a temperate climate like the Netherlands, because these climatic conditions enable a
higher and more continues production. Furthermore, the wages in developing countries are lower than
in the Netherlands, which offers the potential of producing micro algae at lower costs. These factors
make the use of algae for the sustainable production of large amounts of low value products such as
food, feed and biofuels more promising in developing countries that are situated close to the equator
and it creates the opportunity to solve problems with food and energy security. On the other hand,
aspects like a lack of knowledge about micro algae or a lack of government support can create barriers
that could make micro algae cultivation more difficult than in the Netherlands. To find out about these
opportunities and barriers for the use of micro algae it was decided to do a second case study in
Tanzania. This developing country was chosen because of its tropical climate and the existing contacts
between the faculty of Innovation Sciences at the Eindhoven University of Technology and researchers
in Tanzania.
During a preparatory literature study in the Netherlands it turned out that there is indeed little
knowledge about micro algae in Tanzania and that there are no ongoing experiments with micro algae
cultivation that could be studied.
Due to the absence of experiments with micro algae cultivation in Tanzania, it was decided to focus the
case study in Tanzania on the socio‐economic feasibility of starting a niche experiment that is similar to
the niche experiment that was used as a case study in the Netherlands (see chapter 3). For the case
study in Tanzania, 43 interviews were done during two months of field research. Some interviews were
complemented with observations. The interviews were done with actors, which are likely to become
important when a niche experiment would be started. During the field research it appeared that in
Tanzania there is little demand for shellfish while there is a large demand for tilapia. Tilapia is a species
of fish that is commonly eaten in Tanzania and grows on micro algae. This was the reason to focus in
Tanzania on the use of algae for fish cultivation. Therefore the main research question for this chapter
is:
Is it socio‐economic feasible to cultivate micro algae as food for fish when wastewater of a food
processing industry is used as source of nutrients in Tanzania?
The research is done by making use of the Multi‐Level Perspective (MLP) and the theory of Strategic
Niche Management (SNM) in combination with a financial Cost Benefit Analysis (CBA). The MLP is used
to understand the context that could influence a niche experiment. The social feasibility is researched by
an actor analysis following the theory of SNM and the economic feasibility is researched by making use
of a financial CBA.
This chapter starts with a brief description of the most important landscape developments that
influence the regime for fish supply and the regime for wastewater treatment. This is followed by a
description of these regimes. This context is used for an analysis of the socio‐economic feasibility of
starting a niche experiment with sustainable micro algae cultivation for fish production. The chapter
ends with the conclusions where the research question for this chapter is answered.
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4.2 Landscape developments
Increasing demand for fish
The population of Tanzania grows around 2% per year. This leads to an increasing demand for food
(IFPRI, 2009). Fish is an important source of animal protein for the Tanzanians; it is the source of 27% of
all animal protein consumption in the country (FAO, 2007). The demand for fish is increasing in Tanzania
due to the growing population and the expansion of tourism. Furthermore the demand for fish outside
Tanzania leads to an increasing amount of fish, which is caught in Tanzania, to be exported to other
countries. The high demand for fish increases the number of households participating in fishing
activities, causing over fishing and a decreasing productivity of the fishermen (Sesabo, 2007). These
factors lead to an increasing disparity between supply and demand of fish, which can also be seen in
figure 18.
The increasing demand of fish in Tanzania in combination with insufficient capture fisheries resources is
the reason for the government to stimulate aquaculture. By stimulating aquaculture the government
can improve the sustainability of the fisheries sector and it can improve the food security in the country
(FAO, 2007).

Figure 18: Catch, export and fish consumption per capita in Tanzania (Medard, 2001)

Regulations for wastewater treatment
In 2004 the first wastewater regulations were ratified in Tanzania as part of the Environmental
Management Act (LEAD, 2007). During the next year, the enforcement of these wastewater regulations
started officially. However there has been little enforcement of these regulations in practice. Although
there is still little enforcement of the regulations, it gets increasing attention and it is expected that
more people and better equipment will lead to better enforcement of the wastewater regulations in the
coming years (Kombe, 2012).
Since 2005 there is the obligation for new companies to do an environmental impact assessment (EIA)
before they are allowed to start their production. When the EIA reveals that the wastewater of the
process does not comply with the wastewater standards, the company has to install a wastewater
treatment facility (Kombe, 2012).
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4.3 Regimes
Regime for fish supply
The regime for fish supply is important for the economy of Tanzania. The fisheries sector contributes
2.9% to the GDP of the country and the sector employs around 150 thousand artisanal fishermen, and
about 2 million people make their livelihoods out of activities related to fishing (FAO, 2007).
The regime for fish supply can be divided into the supply of captured wild fish and the supply of farmed
fish by the aquaculture sector. The regime is dominated by the capture of wild fish. In 2010, more than
350.000 tons of fish was captured compared to an approximate production of 7 tons by the aquaculture
sector (FAO, n.d.). This can also be seen in figure 19.

Figure 19: Capture production (left) and aquaculture production (right) in Tanzania (FAO, n.d.)

Next to licensed foreign companies that catch fish at the deep sea at an industrial scale for exports,
nearly all capture production is done by artisanal fishermen. Approximately 95% of the fish is supplied
by these small scale poor fishing households. The caught fish is primarily consumed on the domestic
market (FAO, 2007) (Sesabo, 2007). As described in the section about landscape developments, there is
a growing demand for fish in Tanzania due to the growing population and the expansion of tourism. The
high demand increases the number of households participating in fishing activities, causing over fishing
and a decreasing productivity of the fishermen (Sesabo, 2007). This tendency can also be seen in figure
19; the production of captured fish has been roughly the same for the last 20 years.

Figure 20: Fishermen at work in Tanzania (Dikken, 2012)

46

Fish farming is not common in Tanzania. At present it is mostly a subsistence activity that is practiced by
some poor farmers of land crops with little formal education. The fish farming happens as an extra
activity in small ponds with an average size of 150 m2. At a national scale the contribution of aquaculture
on poverty alleviation is marginal, but in poor households a fish pond can contribute significantly to the
intake of animal proteins, employment and income (FAO, n.d.). During a field trip to subsistence fish
farmers close to Mgeta, professor Madalla and the PhD researcher Lie of the Sokoine University of
Agriculture (SUA) explained that the fish ponds in the region were started with financial help of an NGO.
Researchers of SUA were involved in this project for the technical training of the farmers. The visited
farmers had small fish ponds, which differed in size between approximately 100 m2 and 200m2, where
they cultivate fish for home consumption and local sales. This can be seen in the next figure. Most
farmers grow tilapia because it is relatively easy to cultivate. The visited farmers use different sources of
nutrients for their ponds. Normally they use manure of their animals, kitchen waste and maize bran that
they put directly into the fish ponds. In the fish ponds, algae grow on these nutrients and the tilapias eat
the algae. It is not common for these farmers to keep any administration and therefore there is little
practical knowledge about costs and benefits of fish cultivation (Lie, 2012) (Madalla, 2012). According to
the FAO there is one commercial fish farm in Tanzania (FAO, n.d.), but this commercial fish farm was not
known by any of the researchers that have been interviewed and it has not been found during the field
research.
According to the FAO, commercial fish farming in Tanzania has a high potential and is yet to be
established in Tanzania (FAO, n.d.).

Figure 21: Small fishponds in Tanzania (Dikken, 2012)

Two interviews were done at the Department of Aquaculture of the Ministry of Livestock and Fisheries
Development about the current problems in the regime for fish supply and the potential of fish farming
to decrease these problems. The head of the Department of Aquaculture, Mister Mahika and the Senior
Fisheries Officer of the department, Mister Dadu, explained that the increasing disparity between supply
and demand of fish in Tanzania was the reason for the current policy of the Ministry to stimulate
aquaculture development. Aquaculture can increase the fish production in Tanzania. The ministry
stimulates the aquaculture development by stimulating research at universities and by spreading
knowledge about aquaculture (Mahika, 2012) (Dadu, 2012).
Although aquaculture has the potential to improve the economic situation and the livelihoods of many
families, there is still very little aquaculture development in Tanzania. In the interview, Mahika and Dadu
explained that there are barriers for the implementation of fish farming that are the cause of the limited
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use of aquaculture. The most important barriers are the limited knowledge about commercial fish
farming, the costs of the initial investment and the costs of feeding the fish (Dadu, 2012) (Mahika, 2012).
In interviews at the University of Dar es Salaam (UDSM) and the Sokoine University of Agriculture (SUA),
professor Bwathodi and professor Madalla explained that they have special research programs to
improve fish farming. Next to this research, students are educated about fish farming. These students
often start working for the government in positions where they give information about fish farming to
potential new fish farmers. Researchers give also direct training and advice to people who want to start
fish farming (Bwathondi, 2012) (Madalla, 2012).

Regime for wastewater treatment
Wastewater treatment is an emergent regime in Tanzania. If wastewater is treated, this is normally
done by making use of pit latrines, septic tanks or by making use of waste stabilization ponds (Ministry
of Water and Livestock Development, 2002). For small scale sanitation pit latrines or septic tanks are
mostly used. Large scale wastewater treatment happens normally in waste stabilization ponds.
Stabilization ponds are used for example to treat wastewater of houses in city centers that are
connected to a sewerage system and to treat industrial wastewater. When the ponds are sufficiently
maintained and large enough, the ponds can effectively treat the effluent to make the wastewater
comply with the national standards for wastewater (Kombe, 2012). Sometimes industrial wastewater
treatment also happens with large anaerobic digesters (Mshandete, 2011) (Kissaka, 2012) (Lwambo S,
2012). Wastewater treatment does not only take place to comply with the government regulations. In
an interview, the head of the wastewater treatment facility at Tanzania Breweries (TB) explained that
they also treat their wastewater because there is shortage of clean water around Dar es Salaam where
the brewery is located. Therefore part of the cleaned wastewater is used again in production processes
(Lwambo S, 2012).

Figure 22: Waste stabilization ponds at the UDSM (Dikken, 2012)
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For the case study in Tanzania, large scale wastewater treatment at food processing industries was most
important as will be explained later in this section. To understand the current way of wastewater
treatment with waste stabilization ponds, the wastewater treatment facility of Moshi was visited. An
explanation of this wastewater treatment facility can be found in the next textbox.
The regime for wastewater treatment is changing in Tanzania. As described at the landscape
developments, there was no wastewater regulation until 2004. Since 2005 these wastewater regulations
started to be enforced. In the same year it was also decided that new factories need to conduct an
environmental impact assessment that can lead to the obligation for the company to clean its
wastewater when they do not comply with the government regulations.
Explanation of wastewater treatment with waste stabilization ponds in Tanzania
The information is based on an interview with P. Nyangwe, Sewerage Engineer at the Moshi Urban
Water Supply and Sewerage Authority
In Moshi we make use of waste stabilization ponds to treat the municipal wastewater of the houses in
the city that are connected to the sewerage system. Stabilization ponds are open ponds where natural
anaerobic and aerobic processes take place that clean the wastewater. Currently 47% of the municipal
area is connected to the sewerage system of which we receive 3500 m3 per day. There are only two
industries connected to our sewerage system which are Serengeti Breweries and a coffee factory.
Therefore we have very few heavy metals and chemicals in our wastewater, although there could be
some chemicals from domestically used cosmetics or hospitals for example. This causes no problems
for the water quality because every sample that we take is within the NEMC standards.
The sewerage treatment takes place in 4 phases:
1) bar screens filter large objects out of the water
2) one anaerobic pond with a depth of 5m where mainly anaerobic digestion takes place
3) two facultative ponds in parallel with a depth of 3.5m where both anaerobic and aerobic digestion
takes place
4) 6 maturation ponds in series with a depth of 1.5m where mainly aerobic digestion takes place.
The effluent of the last pond is used for irrigation of the rice fields (Nyangwe, 2012).

Figure 23: Cleaning of the screens and rice fields that are irrigated with the effluent of the stabilization ponds (Dikken, 2012)
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The Ministry of Water makes regulations to protect the quality of water bodies. A part of these
regulations is specifically devoted to the maximum amounts of different substances that are allowed in
wastewater before it is discharged (Ministry of Water, 2011). The national standards for wastewater can
be found in the National Environmental Standards Compendium of the Tanzania Bureau of Standards.
The National Environmental Management Council (NEMC) enforces the standards set by the Ministry of
Water by analyzing wastewater samples. Kombe is Senior Environmental Management Officer at the
NEMC. In an interview Kombe explained that in case the NEMC encounters irregularities, they can give
financial penalties, close the polluting factory and even imprison responsible people. There are currently
only 15 national officers that are in charge of inspecting the wastewater quality in the whole country. In
every municipality there is formally also someone in charge of the water quality, but these people often
do not have enough knowledge and time to be able to do their task effectively. In practice this leads to a
situation where the wastewater quality is often only inspected in cases where there are serious
complaints about the water quality close to places where wastewater is discharged. Due to this limited
enforcement of the wastewater regulations, it happens that industries refrain from any form of
wastewater treatment to save costs. According to Kombe, government has increasing attention for
wastewater treatment and therefore the NEMC will get more personnel and equipment to improve the
enforcement of the regulations for wastewater treatment (Kombe, 2012).
For the research in Tanzania, not all wastewater is of interest as source of nutrients for micro algae
cultivation as the micro algae are to be used as feed for fish that will be consumed by humans.
Therefore only wastewater is of interest that contains nutrients for the algae like nitrogen and
phosphorus while it should not contain levels of heavy metals or other contaminants that are dangerous
for human health. This makes the wastewater of food processing industries of specific interest. As
explained in chapter 3, food processing industries have normally nutrient concentrations in their
wastewater that are suitable for algae cultivation because the nutrient composition of algae is similar to
other plants. Furthermore, wastewater from food processing industries does normally not contain
pathogens or harmful chemicals, making it safe for human consumption.
During an interview with a sewerage engineer in Moshi, it was explained that it is allowed in Tanzania to
use the effluent of municipal sewerage for irrigation of farming land and an experiment has been done
with tilapia cultivation on the effluent of municipal sewerage that was first treated in stabilization
ponds. Therefore not only wastewater from food processing industries, but also municipal wastewater
could be a source of nutrients for micro algae cultivation in in Tanzania (Nyangwe, 2012).
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4.4 Opportunities to start a niche experiment with sustainable micro algae
cultivation for fish production in Tanzania
Introduction
The high demand for fish in Tanzania leads to pressure on the regime for fish supply to find other ways
to supply more fish. Fish farming is seen as an opportunity to reach this goal. Tilapia is a species of fish
that is easy to farm and there species of tilapia that grow on micro algae.
The regime for wastewater treatment in Tanzania faces increasing pressure to treat their wastewater,
but this causes extra costs. Micro algae offer the opportunity to clean the wastewater and provide a
sustainable source of nutrients for fish cultivation in Tanzania. This could reduce the costs of wastewater
treatment and it could make fish cultivation more profitable. Therefore micro algae offer the
opportunity to solve problems in two different regimes.
In Tanzania this idea was new and there was no ongoing experiment with micro algae cultivation that
could be used to assess the socio‐economic feasibility in a similar way as was done with the case study
in the Netherlands. Therefore it was decided to research the socio‐economic feasibility of starting a
niche experiment.
The social feasibility is assessed by means of an actor analysis following the theory of Strategic Niche
Management (SNM). The data for the actor analysis were acquired during two months of field research
in Tanzania by interviewing actors that are likely to become important for the start of a niche
experiment. Some of the interviews were complemented with observations. According to Geels (2002)
socio‐technical transitions are influenced by researchers, policy makers, producers, financial institutions,
users, suppliers, and societal groups (see figure 7). At the start of an innovation process, researchers and
innovative firms are most important (Douthwaite, Keatinge, & Park, 2002) and from the case study in
the Netherlands it became clear that also the government was important at the start of the experiment.
Therefore most interviews were done with researchers, government officials and managers of food
processing industries. It was intended to do also interviews with managers of commercial fish farms, but
during the field research, no commercial fish farms have been found. In later stages of the innovation
process the influence of consumers, suppliers and societal groups will become more important. Due to
the early stage of the innovation and the limited time of the research no interviews have been done
with these actor groups, but their potential role will be briefly described.
The economic feasibility is assessed by means of a financial Cost Benefit Analysis (CBA). Data for the
financial CBA were acquired during interviews and these data were complemented with data from
Norsker (2011) where local information was not available.
The research in Tanzania was specifically focused on the socio‐economic feasibility of algae cultivation
on wastewater from food processing industries for tilapia cultivation. Because there was no existing
experiment it was decided to focus on the socio‐economic feasibility for a situation where a technical
system is used that is similar to the technical system of the experiment in the Netherlands that was used
as a case study in chapter 3. This system was the basis for the interviews about the socio‐economic
feasibility of starting an experiment in Tanzania. Therefore this system is described before turning to the
analysis of the social and economic feasibility of the system.
Technical aspects
The technical system can be divided into three different parts. First the wastewater from a food
processing industry needs to be pretreated to remove the organic compounds and other large particles.
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Secondly the algae are cultivated to remove the inorganic nutrients like nitrogen (N). Third, the mixture
of algae and wastewater flows in a fish pond where the fish eat the algae.
Pretreatment wastewater
To be able to cultivate algae on wastewater, it is necessary to pretreat the wastewater to remove most
of the organic compounds and other larger particles (see chapter 3). Nyangwe, a sewerage engineer in
Moshi, told in an interview that it is possible to use stabilization ponds for this purpose or a constructed
wetland (Nyangwe, 2012). From the case study in the Netherlands it is also known that this can be done
with anaerobic digestion. The exact requirements for the pretreatment of the wastewater depend on
the composition of the wastewater and the amount and location of the wastewater production.
Therefore different forms of pretreatment can be preferred in different locations.
Anaerobic digestion requires a higher initial investment, but these higher costs can be earned back
because it enables the production of biogas and it requires less land (Kissaka, 2012). Therefore this is
seen by the author as the preferred way of pretreating the wastewater.
Algae cultivation
For the algae cultivation there is the choice between open and closed systems (see 1.5). The closed
systems are more efficient but also more expensive and more complex. In an interview with professor
Njau he explained that in Tanzania land is relatively cheap and abundant while it is difficult to find highly
skilled technical personnel. Therefore open pond systems are preferred for the algae cultivation in
Tanzania (Njau, 2012). This was also confirmed by professor Rubindamayugi in an interview
(Rubindamayugi, 2012). During the experiment in Zeeland (in the Netherlands) it was shown that algae
can also be cultivated in open systems without making use of raceway ponds, but by making use of
simple rectangular basins where only extra air is supplied. These basins are similar to the basins that are
used for fish farming and therefore these rectangular are most easy to use because the knowledge that
is necessary for the construction is already available in Tanzania.
Fish farming
Fish farming in Tanzania takes normally place at a small scale in one or two open ponds where manure,
kitchen waste and other bio degradable things are used to fertilize the ponds. Algae grow on these
fertilizers and are eaten by tilapia. This system is simple because there is only one pond used for algae
and fish cultivation. Professor Bwathondi explained that the downside of this system is that over‐supply
of nutrients can lead to algae populations that grow faster than the fish can eat them. Because the algae
consume oxygen during the night this leads to a risk of losing the complete fish population because of
oxygen deprivation (Bwathondi, 2012). To ensure that this does not occur, it is preferable to make use of
separate ponds for algae and fish cultivation where the flow from the algae ponds to the fish ponds can
be controlled. The ponds for fish cultivation can be similar to the ponds for algae cultivation, but the fish
ponds have to be deeper; approximately 1.5 meters. The remaining effluent still contains high levels of
nutrients and can therefore be used for irrigation of farming land (Dadu, 2012).
These recommendations lead to a system that consists of the following system elements: 1)
pretreatment of the wastewater with an anaerobic digester 2) cultivation of micro algae in open algae
ponds 3) feeding the micro algae to tilapia in open fish ponds. This can also be seen in figure 24.
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Figure 24: Schematic overview of the different system elements: 1) pretreatment of the wastewater with anaerobic
digestion, 2) cultivating micro algae in open ponds, cultivating tilapia in open fish ponds.

Visions and expectations
The social feasibility of starting a niche experiment depends on the visions and expectations of actors
that could form an actor network for the experiment. As explained in the introduction of 4.4, the visions
and expectations of researchers, government officials, commercial fish farmers and food processing
industries are most important to study the social feasibility of starting a niche experiment. Thereafter,
the role of financial institutions, users, suppliers, and societal groups will become important as well. No
interviews have been done with the second group of actors, but their potential role will also be briefly
discussed.
Researchers
To make a niche experiment with algae into a success there is knowledge required about wastewater
treatment, algae cultivation and fish cultivation. Therefore it is important to know if researchers from
different relevant departments would like to cooperate in research and what their visions and
expectations are about micro algae.
Pretreatment of the Wastewater
In the field of wastewater treatment in Tanzania, research is done on anaerobic digestion, open pond
systems and constructed wetlands. Professor Njau is the head of the department of Water and
Environmental Science and Engineering (WESE) at the Nelson Mandela African Institute of Science and
Technology (NM‐AIST) and he is a member of the Waste Stabilization Ponds and Constructed Wetlands
Research & Development Group (WSPCW) at the UDSM. Professor Njau was interviewed because of his
knowledge of wastewater treatment and his involvement in research for the installation of a
wastewater treatment facility at a Banana Wine factory; a food processing company with wastewater
that could also be useful for algae cultivation. Njau has high expectations about micro algae and thinks
that algae cultivation would be useful for wastewater treatment of food processing industries in
Tanzania. Industries often lack incentives to treat their wastewater. When micro algae can be used for
tilapia production, Njau expects that this could be an incentive for them to invest in this way of
wastewater treatment. According to Njau, there is the risk of algae cultivation on wastewater that the
micro algae will grow to fast, causing algae blooms. These algae blooms can kill the tilapia. It could be
possible that these algae blooms can be controlled by pretreating the wastewater with a combination of
anaerobic digestion followed by a constructed wetland. Further separation of algae ponds and fish
ponds makes it possible that the tilapia survives even in case of algae blooms when the flow from the
algae pond to the fish pond can be controlled. Professor Njau would be interested to participate in an
experiment with algae cultivation on the wastewater of a food processing industry (Njau, 2012).
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Micro algae cultivation
In Tanzania there is little knowledge about micro algae cultivation. To create successful niche
experiments with micro algae it is necessary that the growth of micro algae can be optimized and that
the right species of algae can be selected. Therefore it is important to know if Tanzanian researchers are
interested to increase their knowledge about micro algae cultivation. For this reason, interviews were
done at the UDSM with researchers of the departments of Micro Biology and Botany.
Micro biologists are important for knowledge about the circumstances that can create optimal algae
growth. Three senior researchers of the department of Micro Biology were interviewed. Mister Lyimo
told that the knowledge about micro algae is very limited and scattered. The knowledge that is present
in Tanzania is mainly about taxonomy and not about practical applications (Lyimo, 2012). Mister
Mshandete is an expert in the field of biofuels. He wrote a journal article about the status of biofuels in
Tanzania in which he mentions the potential of micro algae for Tanzania (Mshandete, 2011). In the
interview he explained that micro algae have the potential to solve the competition between food and
biofuel production. At the department there is no experience with micro algae cultivation, but there is
knowledge about different species of algae. There are possibilities to start research on micro algae
cultivation at the UDSM (Mshandete, 2012). The Senior Lecturer in micro biology Rubindamayugi has a
specialization in wastewater treatment. He told that micro algae are among his primary research
interests and that they already wrote a proposal for research on micro algae. The proposal was rejected
by the government, but he is therefore very interested to collaborate on micro algae research.
According to Rubindamayugi, it is possible to cultivate micro algae on wastewater of food processing
industries and it is cheaper in Tanzania to cultivate them in open ponds than in closed systems
(Rubindamayugi, 2012). All three micro biologists indicated that they would like to participate in
research on micro algae.
At the department of Botany the senior researcher Miss Buriyo told that she has experience with micro
algae identification. This is important for experiments with different species of algae and could be
helpful for experiments at the department of micro biology. Due to limited financial resources she is
currently not active in research on micro algae, but she was involved in algae identification in former
experiments. Miss Buriyo likes to participate in experiments with algae cultivation on wastewater
(Buriyo, 2012).
Fish farming
Both at UDSM and SUA there is ongoing research where practical experiments are done with fish
farming. For the research, feedstock’s like manure and maize bran are used to create algae growth so
that the fish can grow by eating the algae.
Mister Lugomela, the head of the department of Aquatic Sciences and Fisheries at UDSM, thinks that the
idea for the proposed system for fish production and wastewater treatment with micro algae has a high
potential. He stressed that it is important to start experiments to study the practical feasibility of the
system (Lugomela, 2012). According to Professor Bwathondi who is specialized in fish farming, it is very
likely that it is possible to use wastewater of food processing industries as source of nutrients for micro
algae and tilapia cultivation. Due to the similarity of the current way of fish farming as it is practiced at
the university he assumes that it could be relatively simple to implement the system. The idea could
increase the profitability of fish farming. It is possible to start an experiment at the site of the UDSM
where he does his research (Bwathondi, 2012).
Professor Mnebuka is the head of the department of Animal Science and Production at the SUA. In an
interview he told that there is currently only research on fish farming and not on micro algae in the
department, but the department would be the right place at SUA to start experiments and he would like
to participate (Mnebuka, 2012). Mister Madalla, who is specialized in aquaculture at the department of
Animal Science and Production, showed the new fish ponds that are under construction for research on
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fish farming at the SUA. He expects that the use of anaerobic digested wastewater can increase the
profitability fish farming and likes to use the new facilities to participate in research for micro algae
cultivation for tilapia production (Madalla, 2012).
Conclusion
It can be concluded from the interviews that researchers expect ‐ at the different departments that are
of importance for an algae experiment ‐ that the algae system would be useful in Tanzania. Altogether,
16 interviews have been done with researcher in Tanzania. 10 of these researchers indicated that they
would like to participate in related research. None of the researchers was against the experiment.
Although the researchers all showed interest in micro algae, none of the interviewed researchers has
experience with micro algae cultivation. According to three of these researchers this is mainly due to the
limited financial resources that are present for research in Tanzania. Therefore the scope of the research
in Tanzania often follows the scope of international research programs (Temu, 2012). It can be
concluded that the researchers have high interest for collaborating in research for a niche experiment,
but they do not have the financial power to start the research themselves.
Policy makers/ Government
Ministry of Livestock and Fisheries Development
The Ministry of Livestock and Fisheries Development wants to stimulate fish farming because of the
increasing disparity between demand and supply of fish in Tanzania. In an interview at the Ministry of
Livestock and Fisheries Development, Mahika ‐head of the Department of Aquaculture‐ and Dadu ‐the
Senior Fisheries Officer at the same department‐ explained that they stimulate fish farming by spreading
knowledge and by stimulating research at universities. Until now there are not many people who have
started to farm fish due to persistent barriers that are present. The most important barriers for fish
farming are the limited knowledge about fish farming, the costs of the initial investment and the costs of
nutrients for the fish. According to Dadu, the costs of nutrients are one of the main costs that hinder the
introduction of fish cultivation in Tanzania. He thinks that micro algae cultivation on wastewater could
decrease the costs of fish farming, making it more attractive for people to start a fish farm. As the
Ministry wants to stimulate fish farming, algae cultivation on wastewater would fit very well with the
policies of this ministry. The ministry has no financial resources to stimulate experiments with algae, but
Mahika and Dadu made clear that they can provide knowledge about fish farming and the Ministry can
help to go through the necessary procedures that need to be followed to start an experiment (Mahika,
2012) (Dadu, 2012).
Ministry of Water
The Ministry of Water aims to improve the wastewater treatment facilities for municipal and industrial
wastewater. Therefore the ministry wants to construct sewerage systems and they make and enforce
wastewater regulations (Ministry of Water and Livestock Development, 2002). In 2004 the Ministry
formally implemented regulations and standards for wastewater treatment that came into force in
2005. Companies need to get a permit of the Ministry before they are allowed to discharge wastewater
into the municipal sewerage system or directly into water bodies (Kombe, 2012).
The enforcement of the policies of the ministry of water is under the responsibility of the National
Environmental Management Council (NEMC). The NEMC is not part of the Ministry of Water, but is
under direct responsibility of the Vice‐President of Tanzania.
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NEMC
The National Environmental Management Council (NEMC) enforces the wastewater regulations that are
made by the Ministry of Water. According to Kombe, a Senior Environmental Management Officer at the
NEMC, there has been little attention for wastewater treatment in Tanzania and the NEMC has little
resources to enforce the wastewater regulations. Kombe explained in the interview that she is one of
only 15 officers at the NEMC who inspect wastewater treatment installations. It impossible for these
officers to enforce the wastewater regulations of the Ministry of Water in the whole country.
Companies know this and therefore it happens that they decide to refrain from wastewater treatment
to save costs. According to Kombe there is increasing attention at the Ministry of Water and at the
NEMC for wastewater treatment. In the next years the NEMC will get more officers and equipment to
enforce the wastewater regulations. The increased attention and enforcement of wastewater treatment
could be a driver for wastewater treatment with algae (Kombe, 2012).
Conclusion
It can be concluded that micro algae cultivation on wastewater for fish farming fits very well with the
policies of the ministry of Livestock and fisheries development. This Ministry does not have resources to
finance a niche experiment, but they can help by providing help with bureaucratic procedures and their
knowledge about fish farming.
The policies of the Ministry of water can be a driver for wastewater treatment with algae because it is
potentially a cheap or even a profitable way of wastewater treatment. Currently there is little
enforcement of wastewater treatment, but the expected increasing enforcement can become an
increasingly important driver to start wastewater treatment for companies.
Therefore it can be concluded that the government has interest to start a niche experiment, but due to
the limited ability to enforce regulations, they have only limited regulatory power and little financial
power to influence a niche experiment.
Commercial companies
Fish farmers
During the field research it has not been possible to find any place with large scale fish farming.
According to the FAO there is one commercial fish farm in Tanzania, but only small scale fish farms have
been found during field research where fish farming was used as a subsistence activity. This kind of fish
farming is most often done by subsistence farmers of land crops who have one or two small fishponds
that can add something to their income (FAO, n.d.). The visited farmers learned to farm fish by following
instructions from government officials and researchers who participate in programs to teach farmers
how to cultivate fish. The farmers do not keep any records of their way of production, costs or benefits.
This leads to the current situation where most knowledge about fish farming is present at the
government and at universities while there is little knowledge about commercial fish farming
(Bwathondi, 2012) (Dadu, 2012) (Madalla, 2012) (Lie, 2012).
Therefore it can be concluded that it is likely that knowledge about fish farming needs to be acquired
from researchers and government officials for the start of an experiment.
Food processing industries
The visions and expectations of food processing industries are important because they will become the
supplier of nutrients for the algae. Five food processing companies have been visited. During interviews
with managers of these companies it turned out that four of them are interested in algae cultivation on
their wastewater.
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Tanzania Breweries (TB) produces beer in Tanzania. Rweyemamu ‐The plant manager in Dar es Salaam‐
and Middleton ‐the Technical Director of TB‐, explained that algae cultivation on their wastewater is not
possible in Dar es Salaam because they have very limited space. For the plant in Dar es Salaam they have
invested in what is possibly the most advanced wastewater treatment system in Tanzania. The head of
the wastewater treatment installation Lwambo explained that this installation in Dar es Salaam treats all
the wastewater to the standards of the NEMC and part of it is further treated for reuse in the brewery to
save the scarce water recourses. At the brewery of TB in Mwanza all wastewater is treated on a large
area with stabilization ponds. Rweyemamu and Middleton expect that micro algae cultivation for fish
farming at this plant could be feasible. They would be interested to start an experiment with micro algae
for wastewater treatment and fish farming in Mwanza (Rweyemamy & Middleton, 2012) (Lwambo S,
2012).

Figure 25: Wastewater treatment installations at Tanzania Breweries

The sisal producer Katani has started a special program to make its factories more sustainable and more
profitable by producing energy from its wastewater by means of anaerobic digestion. Kissaka is the
general manager of Mkonge Energy Systems, a subsidiary of Katani that takes care of the
implementation of the anaerobic digesters for the energy production at the sisal plants. Kissaka expects
that micro algae cultivation for fish farming would be a very useful extension of the wastewater
treatment when the micro algae are cultivated on the wastewater that comes out of the anaerobic
digesters. When the system proofs to be profitable, Kissaka would like to make use of it (Kissaka, 2012).

Figure 26: Old waste of the sisal production and the entrance to the new anaerobic digester of Katani (Dikken, 2012)
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Tanga Fresh is a milk factory in Tanga. The production manager Weijers explained that there is no
sewerage system close to the factory. Therefore they have to treat their own wastewater. Currently
oxidation ponds and constructed wetlands are used as wastewater treatment, but they are looking for
another way to treat their wastewater. Weijers is interested to do an experiment with micro algae
cultivation and fish farming on its wastewater (Weijers, 2012).

Figure 27: The backside of the factory of Tanga Fresh and wastewater that flows into a constructed wetland (Dikken, 2012)

Close to Arusha the factory of Banana Wine, Banana Investments (BI) was visited. Olomi, the managing
director of BI explained that they are in the process of constructing an anaerobic digester for their
wastewater to produce energy and reduce their current energy costs. Because anaerobic digestion on
an industrial scale is not common in Tanzania, they work together for this project with professor Njau of
the NM‐AIST. Olomi expects that micro algae cultivation on the digested wastewater could be a valuable
extension of the wastewater treatment when it can be used for fish cultivation (Olomi A, 2012). The
Director Operations explained that energy production and wastewater treatment are important for BI
because of the rising energy prices and the water shortages in the region (Jeyaprakash, 2012).

Figure 28, Construction of the anaerobic digester and cooking on firewood at Banana Investments (Dikken, 2012)

In Dar es Salaam, the National Quality Manager of Pepsi explained that it is unlikely that micro algae
could be of any use for their wastewater treatment because they have a plant in Dar es Salaam and in
Arusha where they have very limited space. Therefore they need other systems for their wastewater
treatment that occupy less space (Prabir, 2012).
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Conclusions
No commercial fish farms have been found in Tanzania, therefore it is likely that knowledge about fish
farming needs to come from researchers and that additional practical experience needs to be acquired
on the job or it needs to be imported from abroad.
From the interviews with managers at five food processing companies it can be concluded that there is
interest among four of them to invest in algae cultivation on their wastewater for fish farming when it is
a profitable investment. Therefore it is necessary to do experiments to show the working of the system
in Tanzania. It can be further concluded that food processing companies have the financial power to
start a niche experiment, but they do not have enough interest in the experiment to start it before they
are certain that their investment will be profitable.
Financial institutions
It is difficult to finance experiments with new technologies in Tanzania. Unlike in the Netherlands, the
government does not give subsidies for experiments with new technologies (Dadu, 2012). According to
professor Njau, researchers lack the financial resources for experiments and it is difficult to find other
capital funds for financing practical experiments. Even professor Njau who was involved in many
research projects does not know how experiments like this can be financed in Tanzania. Sometimes
foreign research funds or NGO’s finance these kinds of projects. Banks do not provide loans for
experiments or investments in start‐ups that want to make use of new technologies, as would be the
case for an experiment with algae (Njau, 2012).
There are an increasing number of local and international banks in Tanzania where existing companies
can borrow money (Invest, 2012). Therefore there are opportunities for food processing industries to
finance investments in micro algae cultivation on wastewater. As explained in 4.3, there is currently little
pressure for them to improve their wastewater treatment facilities and therefore it is unlikely that they
will invest in algae technology before they are certain that the technology is profitable.
Conclusion
From the interviews it can be concluded that researchers and government officials do not have the
financial resources to invest in an experiment and that commercial companies and banks do not have
the will to invest or finance experiments when it is uncertain if they will become a profitable investment.
Therefore it is likely that experiments will only start when they are financed by foreign institutions like
NGO’s or foreign research funds. This could change when the government increases the pressure to
treat wastewater, this could make food processing companies decide to invest in experiments, but it is
uncertain if this would happen because they have also other alternatives to treat their wastewater.
Suppliers
There is experience with the construction of ponds that can be used for fish farming. Similar ponds can
be used for algae cultivation. Therefore it is expected that the supply of materials for the ponds will not
hinder the experiments.
For the fish cultivation, new fingerlings are necessary after every harvest. Small scale fish farmers often
only harvest part of the fish while the other fish can produce offspring. Therefore they do not need to
get new fingerlings. For large scale fish farming it is common to use with fingerlings from hatcheries, but
there is a lack of hatcheries in Africa (Gupta, Bartley, & Acosta, 2004). In the Morogoro region a
government fish farm provides new fingerlings to small scale farmers (Madalla, 2012), but it is not
known if fingerlings can be supplied in sufficient quantities in Tanzania for large scale fish farming. The
supply of fingerlings will not be a problem during niche experiments because it can be decided to
harvest only part of the fish, and there are several places where fingerlings are grown at a small scale
(Madalla, 2012) (Bwathondi, 2012).
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Consumers
The research did not involve market research among Tanzanians about their visions on buying fish that
is cultivated on wastewater. Two researchers and a government official were asked during interviews
about their expectations about consumer demand. They expect that Tanzanian consumers are willing to
buy the fish as long as it is clear that only safe wastewater from food processing industries is used
(Bwathondi, 2012) (Dadu, 2012) (Njau, 2012).
Societal groups
It is uncertain if societal groups will influence the development of micro algae cultivation for fish
farming. There is a possibility that one or more NGO’s in Tanzania decide to promote the technology for
example by spreading knowledge, or financing experiments. The country director in Tanzania of SNV, an
international NGO, was interviewed about this topic because of their programs for water and sanitation.
He explained that an experiment with micro algae cultivation for wastewater treatment and fish farming
is not within the scope of SNV. He has contacts with many other NGO’s, but he did not know other
NGO’s that could help to start an experiment like this (Heijdra & Songela, 2012).
Conclusion
From the interviews it can be concluded that researchers are interested to start a niche experiment with
micro algae and they have knowledge about wastewater treatment and fish farming, but they do not
have knowledge about micro algae cultivation and they lack the financial power to start research in this
field themselves.
There are food processing industries interested to invest in micro algae cultivation when it is possible to
treat their wastewater and make a profit from selling the fish that is farmed on the algae. These
companies have the financial power to invest in the algae technology, but they are not willing to invest
as long as it is not shown in experiments that the technology works effectively. No commercial fish
farmers have been identified during the field research.
The idea of cultivating micro algae on wastewater as a cheap source of nutrients for fish farming fits
very well with the policy of the government to stimulate aquaculture. The government has the power to
influence regulations and they are willing to help with procedures, but they do not have the financial
resources to finance experiments and they have limited capabilities to enforce their own regulations.
It is unlikely that there are any financial institutions in Tanzania that are willing to invest in niche
experiments with algae cultivation in Tanzania.
Algae cultivation and fish farming can be done with local materials and knowledge and it is known that
sufficient fingerlings for experiments with fish farming can be supplied. It is not expected that suppliers
will be influential during the start of the innovation process.
It can be concluded that no actors or actor groups have been found that are against micro algae
cultivation.
From the analysis it can be concluded that researchers, government officials, food processing companies
and financial institutions will be of most importance for the start of a niche experiment with micro algae
cultivation on wastewater for fish farming. The power and interest of these actor groups is summarized
in a power interest matrix. The power of the actors is divided into 4 different aspects: technical,
financial, regulatory and organizational. This can be seen in the next table.
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Power
Researchers
Government
Food
processing
Financial
institutions

Interest

‐
0
+

++
+
+

+

‐

Technical
X

Aspect of power
Financial
Regulatory

Organizational

X
X
X

Table 5: Power and interest of researchers, government, food processing companies and financial institutions

From the power interest matrix it can be seen that researchers and the government have interest to
start experiment with the system for micro algae cultivation and fish production, but both actors don’t
have the financial power to start the experiment. Food processing companies have interested in a
system that can treat their wastewater in a profitable way and they have the financial power to invest in
it, but they are not willing to invest before it has been shown in experiments that the technology works.
Financial institutions have the financial power to finance experiments, but they are not willing to invest
because the financial risks are too high.
Formation of an actor network
From the interviews with researchers, food processing companies and government officials it can be
concluded that within all these actor groups there are positive expectations about micro algae
cultivation on wastewater for fish cultivation, but that there is currently little knowledge about micro
algae cultivation in Tanzania. The idea to recycle nutrients by micro algae cultivation on wastewater for
fish cultivation was new for all the persons who have been interviewed.
None of the actors was directly ready to take the lead for starting an experiment. Therefore an
important question is how to start an experiment. In the Netherlands, the government was very
important at the start of the experiment in Zeeland. A special organization for economic development
that was mainly funded by the government brought the most important actors together and they
arranged funding to start the experiment.
It is not clear which actor could start the process by bringing the right actors and the necessary money
together in Tanzania: The ministry of agriculture and fisheries development has high expectations of
such an experiment, but they do not provide subsidies and only can help with bureaucratic procedures.
The food processing industries were interested to make use of a system with micro algae cultivation, but
due to their limited knowledge of algae cultivation and the absence a working prototype in Tanzania
makes it unlikely that they will start an experiment by themselves. The researchers that have been
interviewed were all interested to participate in research for a system for wastewater treatment and
fish farming with micro algae, but they will not start the research when there is no other actor who
coordinates and finances the research.
From figure 29 it can be seen that there is little connection between the different actors. Within actor
groups there are some weak connections, for example between research groups or between different
government bodies. Between different actor groups only one connection has been identified between
professor Njau of the NM‐AIST and mister Olomi of Banana Investments. Therefore it can be concluded
that there is very limited connection between the different actors that would have to work together in
niche experiment. There is the need for an actor with the organizational power to make these
connections. As can be seen from table 5, this kind of actor was not found during the research.
Furthermore, there is the need for an actor with the financial power and the interest to invest in niche
experiments in which learning can take place to create a system that is effective in Tanzania.
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It can be concluded that the positive expectations about micro algae cultivation of researchers, food
processing companies and policy makers offers opportunities for starting micro‐algae cultivation in
Tanzania. Next to these opportunities in the actor network, there are also important barriers. No central
actor has been identified who can bring together and who can organize the different actors. Another
important barrier is the absence of an actor who wants to invest at the start of the experiment before it
is proven that it is profitable to invest in the technology.

Figure 29: Connections between actor groups in Tanzania that could create a niche

Learning
According to Korten (1980) learning takes place in three different stages during the innovation process.
These are learning to be effective, learning to be efficient and learning to expand (see figure 9).
In Tanzania no learning processes have taken place about micro algae cultivation on wastewater and no
learning processes have taken place about micro algae cultivation for commercial fish farming.
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Therefore it is most important for further development of the innovation process to learn how to make
these processes work effective. This stage of learning to be effective needs to take place about different
system elements: 1) pretreatment of the wastewater of a food processing industry to make it suitable
for algae cultivation 2) algae cultivation on the wastewater 3) tilapia cultivation on the algae.
As no learning about micro algae cultivation has taken place yet in Tanzania, it can be concluded that the
technology in Tanzania is at the start of the first phase of an innovation according to the theory of
Korten.
Researchers are likely to be most capable of starting the first phase of learning by doing small scale
experiments to learn how to make the process effective. As described before, it will be necessary to find
funds to finance this research. When it is shown in experiments that the technology is effective,
managers of four out of five food processing industries have indicated that they would like to use the
technology. Therefore it is likely that more industries would be interested to use the technology. When
commercial companies become involved in the experiments it is likely that more attention will be
devoted to learning processes about the efficiency of the technology.
Cost Benefit Analysis
The economic feasibility of the algae system is assessed with a financial Cost Benefit Analysis (CBA).
Because there are no experiments with micro algae cultivation on wastewater in Tanzania, it was
decided to do the calculations for a hypothetical case in which micro algae are cultivated on the
wastewater of the brewery in Mwanza of Tanzania Breweries (TB). Tanzania Breweries (TB) was used as
a case study for the CBA because it is known how much N needs to be removed and at the brewery in
Mwanza there is enough land for algae cultivation (Rweyemamu S, 2012).

Assumptions
General
The CBA is based on the technical system that is described in the introduction of chapter 5.3. For the
CBA only the costs and benefits of the algae and the fish cultivation are taken into account. The costs
and benefits of the pretreatment of the wastewater are not within the scope of this analysis.
The length of the CBA is 10 years. Following Norsker (2011) it is assumed that the depreciation of the
equipment and other materials is 10% per year.
In the CBA it is assumed that TB will be the only investor and the owner of the system. Therefore all
costs and benefits will be for TB.
It is assumed that the food processing industry will invest in the combined algae and fish cultivation. It is
assumed that the interest rate is 15%, which is the same as the lending interest rate of 15% in Tanzania
according to the World bank (Worldbank, 2011).
The inflation in Tanzania has been changing a lot over the last four years with extremes that have been
below 5% and nearly 19%. Therefore is has been decided to make use of the long term average inflation
in Tanzania between 1999 and 2011 which is 7.59% (Trading Economics, 2012).
Wastewater
It is assumed that all the wastewater of TB will be treated with algae. TB produces 219000 m3 of
wastewater per year in Mwanza. After the pretreatment of the wastewater with an anaerobic digester
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and an MBR, there is still 15mg N/l that needs to be removed that could be done with algae (Lwambo S,
2012). From the case study in the Netherlands it is known that the algae do not need extra nutrients
when they grow on wastewater of a food processing industry. It is therefore assumed that all nutrients
that are necessary for the algae are in the effluent of TB and that the effluent can be used without any
extra costs.
Algae and Tilapia production
The body weight of algae consists of approximately 10% N. It is assumed that all the wastewater of TB
will be treated with algae and therefore 43850 kg algae have to be produced per year to remove enough
N. Tilapia has an average feed to food ratio of 1.7 which means that 1.7 kg of algae is enough food for
the production of 1 kg tilapia (FAO, 2006). Therefore 19324 kg tilapia can be produced.
According to Norsker (2011), algae can grow close to the equator in open ponds at a rate of 32000 kg
DW/ha/y. Tilapia can grow at a rate of 20000 kg/ha/y (Qiuming & Yi, 2004). Following Norsker (2011) it
is assumed that 80% of the land area can be effectively used for algae and shellfish cultivation and
therefore the production rate of algae and tilapia are respectively 25600 kg/ha/y and 16000 kg/ha/y.
From these assumptions it follows that an area of 2.5 ha is necessary to treat all the wastewater of TB in
Mwanza.
Investment and recurrent costs
The price of land in Tanzania is dependent on the location, but just outside a city where a factory could
be constructed it is approximately 500 USD per acre, which is 2000000 TZS per hectare (Rweyemamy &
Middleton, 2012). It is assumed that the land can be sold after ten years for the same value as it was
bought.
Information about costs for pond construction, equipment and other necessary investments were
acquired from an interview and a report of a Senior Fisheries Officer at the Ministry of Livestock and
Fisheries Development (Dadu, 2012). Because similar ponds can be used for algae and fish cultivation, it
is assumed that the costs for algae and fish ponds are the same.
For a fish farm at an area of one ha there is need for one general manager, one manager for finance and
sales, two persons who take care of the daily operations and two guards. The costs of the salaries for
these people together are 28.8 million TZS per year for a remote location where people have to be paid
extra to go to work there (Dadu, 2012). For the case with TB it is assumed that there is no need for a
general manager and that there is no need for extra guards because the algae cultivation will become
part of the business of TB. Therefore there is only need for one manager and two people for daily
operations. It is therefore assumed that the labor costs will be half of the labor costs that were
calculated by Dadu: 14.4 million TZS per year. When the cultivation takes place on more than 1 ha it is
assumed that two extra persons for daily maintenance per hectare are necessary. When algae
cultivation takes place on less than 1 ha it is assumed that the same people are necessary as is the case
for cultivation at 1 ha. It is assumed that these extra laborers will be low skilled workers that earn the
minimum wage for the agricultural sector which is 70.000 TZS per person per month (WageIndicator,
2012) which is equivalent to 840000 TZS per person per year.
Due to a lack of detailed data about algae cultivation in Tanzania, both for the investment costs and the
variable costs it is assumed that 10% extra costs will occur due to unforeseen circumstances. Therefore
the miscellaneous costs are set at 10%.
The analysis does not take into account the possible costs for acquiring knowledge about algae
cultivation from universities or other sources of information.
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Results
The financial CBA shows that it is profitable to invest in algae cultivation on wastewater for tilapia
production. An investment of 179 million TZS leads to a Net Present Value (NPV) of more than 466
million TZS which is equivalent to 233 thousand euro’s. The Pay Back Period (PBP) is between year 2 and
year 3. The internal rate of return is 50% (see table 5). This is higher than the real interest rate of 6.9%
and therefore it is financially attractive to invest in this project with the assumptions that were done.
Some of the assumptions are uncertain and therefore a sensitivity analysis was used to get a better
understanding of the investment risks. The results of the sensitivity analysis can be seen in table 6.
Financial CBA in constant prices
Year
Investment co Variable costs
Profits
Nett CF
Discount factDiscounted Cumm DNCF
0
179067030
0
0
‐179067030
1,00 ‐179067030 ‐179067030
1
0
24905567
115941176
91035609
0,94 85169750
‐93897280
2
0
24905567
115941176
91035609
0,88 79681855
‐14215425
3
0
24905567
115941176
91035609
0,82 74547572
60332148
4
0
24905567
115941176
91035609
0,77 69744116
130076263
5
0
24905567
115941176
91035609
0,72 65250169
195326432
6
0
24905567
115941176
91035609
0,67 61045788
256372220
7
0
24905567
115941176
91035609
0,63 57112316
313484537
8
0
24905567
115941176
91035609
0,59 53432297
366916833
9
0
24905567
115941176
91035609
0,55 49989398
416906231
10
0
24905567
120923024
96017457
0,51 49327700
466233932

NPV
466233932 TZS
Real IRR
50%
Table 6: Cash flow statement, CBA in constant prices

233117 EUR

Sensitivity analysis
Variable
Amount of wastewater
Amount of wastewater
Price of fish
algae production
algae production
fish production
Feed to fish ratio
Investment costs
Variable costs

Change
75% decrease
100% increase
50% decrease
75% decrease
75% increase
75% decrease
100% increase
100% increase
100% increase

Real IRR

NPV
24%
54%
13%
12%
66%
13%
24%
22%
35%

42054862
1031806026
56942347
104208302
517951879
125503927
123110280
287166902
290392366

Switching value
38465577
38465577
2584
5264
5264
3134
5,0
645300962
90941265

Table 7: Sensitivity analysis

From the sensitivity analysis it can be seen that the scale at which the wastewater is treated is an
important variable for the viability of the project. The base case of the CBA has been calculated for the
case where all the wastewater of TB is treated. Therefore an area is necessary of 2.5 ha. When only a
quarter of the wastewater is treated with algae, the necessary land reduces to 0.6 ha, but the IRR goes
down from 50% to 24% and the NPV is more than ten times lower than in the base case. When TB would
produce double the amount of wastewater, the algae cultivation could be doubled and this would lead
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to an IRR that is 54% which is slightly higher than the original IRR, but the NPV more than doubles to 1
billion TZS which is more than 500,000 euro’s. The smallest area where algae and shellfish cultivation on
wastewater can be done without making a loss is 0.4 ha. From these results it can also be seen that it is
economically feasible in Tanzania to treat all the wastewater of a food processing company with micro
algae when the wastewater is pretreated by means of anaerobic digestion.
The price of fish is another influential variable. A 50% reduction in the fish price leads to an IRR of 13%
and a reduction of the profits of nearly 90% to 57 million TZS. Due to the high demand for fish in
Tanzania it is not likely that his situation would occur.
The algae productivity is assumed to be 60% higher in Tanzania than in the Netherlands. There is no
consensus among Dutch algae experts about the algae productivity that can be realized during large
scale algae cultivation. The most extreme estimates of Dutch experts about the algae productivity in
open ponds are 75% below and above the algae productivity that was used for the CBA. A decrease of
75% in the algae productivity leads to an IRR of 12% and a NPV of 104 million TZS, which is less than 25%
of the original profits. This is mainly due to the increased amount of land that is necessary for the algae
cultivation. This leads to higher investment and recurrent costs. An increase of the algae productivity of
75% leads to an IRR of 66% and a slightly higher NPV of 518 million TZS.
When the fish production decreases with 75% to 4000 kg/ha/y, this leads to an IRR of 13% and an NPV
of 125 million TZS. This is a large decrease, but the influence is not as large as the influence of changes in
the algae productivity.
When the tilapias are less efficient in the uptake of food, less tilapia can be produced. When the feed to
fish ratio doubles, this leads to an IRR of 24% and an NPV of 123 million TZS.
A 100 increase of the investment costs would lead to an IRR of 22% and an NPV of 287 million TZS. An
increase of 100% of the variable costs leads to an IRR of 35% and an NPV of 290 million TZS.
The assumptions about the costs and benefits of algae cultivation on wastewater for tilapia cultivation
are uncertain because no real experiments have been done yet, but from the sensitivity analysis it can
be concluded that even with large changes in the assumptions the project remains profitable. Variables
that are most uncertain and influential on the CBA are the productivity of algae and the productivity of
fish.
The sensitivity analysis does not include the effects of combinations of changes in the assumptions.
When for example both the algae and the fish production are 75% below the assumptions of the CBA
this leads to a loss of more than 200 million TZS. This is just one of the examples of how a combination
of changes in the assumptions can make the project unprofitable. Therefore it is important to do
experiments in Tanzania to verify the assumptions of the CBA.
Excluded costs and benefits
Some costs and benefits are not included in the CBA that would be interesting for further research.
The wastewater that is treated with algae will lead to a reduction in the costs of the wastewater
treatment of TB. It is not known how much the effect is of this cost reduction, but it is likely that it will
increase the total profitability of the project. The profitability of the project could also be higher than
the current CBA due to the possibility to trade carbon credits internationally. The algae capture CO2 for
their growth and therefore the actors could earn carbon credits with their micro algae cultivation.
Over the years there are other benefits of the micro algae cultivation that could lead to higher profits
that are more difficult to quantify. Examples are the value of the knowledge that is acquired in this
experiment, the environmental benefits, job creation and the influence on a positive image for the
companies that are involved.
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4.5 Conclusions
Tanzania has a tropical climate which makes it an attractive country for micro algae cultivation. There
were no experiments with micro algae cultivation in Tanzania that could be used as case study.
Therefore it was decided to research the socio‐economic feasibility of starting sustainable micro algae
cultivation for the aquaculture sector in a similar way as it is done in the experiment in the Netherlands
(see chapter 3).
In Tanzania, there is little demand for shellfish but a large demand for tilapia. There are specific species
of this fish that eat micro algae and that are also suitable for fish farming. Micro algae can grow on
wastewater and therefore micro algae cultivation seems to be a promising way to recycle nutrients and
produce tilapia in a sustainable way. This led to the main research question for this chapter: Is it socio‐
economic feasible to cultivate micro algae as food for fish when wastewater of a food processing
industry is used as source of nutrients in Tanzania?
Landscape developments that create pressure on the regimes for fish supply and wastewater
treatment
There is an increasing demand for fish in Tanzania, causing over fishing and a decreasing productivity of
the fishermen. These factors lead to an increasing disparity between supply and demand of fish, causing
pressuring on the regime for fish supply to find other ways to increase the fish production. Fish farming
is one of the possibilities to increase the fish production. Commercial fish farming is not common, but it
has a large potential in Tanzania. The most important barriers for fish farming are a lack of knowledge
about fish farming in combination with high costs of initial investments and high costs for feeding the
fish. There are species of tilapia that are commonly eaten in Tanzania, that are suitable for fish farming
when they can be fed with micro algae.
Since 2004 there are wastewater regulations in Tanzania and since 2005 there is the obligation for new
companies to do an environmental impact assessment (EIA) before they are allowed to start their
production. When the EIA reveals that the wastewater of the process does not comply with the
wastewater standards, the company has to install a wastewater treatment facility. There has been little
enforcement of these regulations, but the attention for wastewater treatment and the enforcement of
the regulations is increasing. This increases the need for companies to install wastewater treatment
facilities. Wastewater of food processing industries contains often high amounts of nutrients and little
pathogens or chemicals, making it a suitable source of nutrients for micro algae cultivation.
The pressure to increase the fish supply and the pressure to treat wastewater offers opportunities to
start a niche experiment with micro algae cultivation on wastewater from a food processing industry for
the production of fish. Until now no experiments with micro algae have been done in Tanzania.
Therefore actors have been interviewed that are likely to be important for starting a niche experiment.
Social feasibility
Visions and expectations
To start the innovation process it was expected that researchers, government officials, commercial fish
farmers and commercial food processing companies are of importance.
Sixteen researchers have been interviewed. Ten researchers in the fields of wastewater treatment,
micro biology and biotechnology, botany, and aquaculture and fisheries have indicated during
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interviews that they have high expectations about micro algae and that they are interested in
collaborating in research for an algae experiment. None of the interviewed researchers has experience
with micro algae cultivation. According to three researchers, a lack of financial resources is the main
reason that little research has yet been done in this field.
The government aims to increase fish farming because of the increasing disparity between supply and
demand of fish. The head of the Department of Aquaculture and the Senior Fisheries Officer at this
department of the Ministry of Livestock and Fisheries Development told during interviews that they
expect that the proposed system for micro algae cultivation could make fish farming more attractive
because it reduces the costs of feeding the fish. At the ministry there is no knowledge about micro algae
cultivation and there are no financial resources to provide subsidies for experiments, but they are willing
to help with bureaucratic procedures that are necessary for the start of experiments.
Managers of five food processing companies have been interviewed. Four were interested in algae
cultivation on their wastewater when their investment could be earned back by selling the fish that they
can feed with the algae. Before they are willing to invest in this technology it needs to be demonstrated
that the whole system works well.
According to the FAO, there is one commercial fish farm in Tanzania, but during the field research only
subsistence farmers have been found who cultivate fish at a small scale for home consumption. Because
two researchers who do practical research on fish farming are interested to collaborate in research with
micro algae for fish farming and four food processing companies were interested to farm fish on their
wastewater with micro algae, it is likely that the absence of commercial fish farmers will not make it
impossible to start experiments.
No actors have been found who are against the proposed system with micro algae cultivation.
Formation of an actor network
It can be concluded that the actor groups that are most important at the start of an experiment ‐
researchers, food processing industries and the government ‐ have positive expectations about the use
of micro algae cultivation and that they are willing to cooperate in an algae experiment. This offers clear
opportunities for the start of an experiment with algae. Although most of the interviewees were positive
about the idea for the use of micro algae, nearly no ties have been found between actor groups and no
actor has been found that is likely to start the formation and coordination of the actors into an actor
network. Furthermore, no actors in these actor groups are willing or able to acquire the financial
resources that are necessary to start niche experiments with algae.
Learning
The algae technology in Tanzania is at the first phase of the innovation process because there is yet only
a new idea. At this phase researchers are most important for the development of the technology.
Therefore learning to be effective will be most important when a niche experiment is started.
Knowledge about technical aspects is crucial because it influences the effectiveness of the technology
for wastewater treatment and fish production.
From the actor analysis it can be concluded that actors from important actor groups have positive
visions and expectations about sustainable micro algae cultivation for fish farming. Although these actor
groups are positive about this idea, the formation of an actor network that can create a niche for micro
algae cultivation is difficult, because there are nearly no ties between these actor groups and it is not
clear who can take the lead in this process. Furthermore no actors have been found who are willing and
capable to invest financially in experiments where it can be learned how to make the technology work
effective.
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When an actor with financial power decides to take the lead in this process and brings important actors
together, they are willing to participate and therefore it can be concluded that, although it is uncertain if
an actor will take the lead, this experiment is still socially feasible.
Economic feasibility
The economic feasibility has been assessed with a financial Cost Benefit Analysis (CBA). The financial
CBA has been done for a hypothetical case where the wastewater of a brewery is treated with micro
algae and the algae are used as feed for tilapia. In this scenario 15 mg N/l needs to be removed from
219000 m3 of wastewater per year. To accomplish this, an area of 2.5 ha is necessary and an investment
of 179 million TZS (90 thousand euro’s). From the financial CBA it follows that, with the assumptions
that were made, this project would have an NPV of 466 million TZS (233 thousand euros), a real IRR of
50% and a PBP between 2 and 3 years. Therefore it can be concluded that this project is financially
feasible from an investor’s point of view. The smallest area at which the project is still feasible is 0.4 ha.
There are assumptions about the costs and benefits that are uncertain because no real experiments
have been done yet, but from the sensitivity analysis it can be concluded that even with changes in the
variables of more than 50%, the project remains profitable. Variables that are most uncertain and
influential on the CBA are the amount of algae and fish that can be produced per hectare. When
multiple variables are changed with more than 50%, this might make the project unprofitable.
Therefore it can be concluded that the project is economically feasible with the current assumptions,
but that experiments need to be done in Tanzania to verify these findings.
Answering the research question
The research question for this chapter was: Is it socio‐economic feasible to cultivate micro algae as food
for fish when wastewater of a food processing industry is used as source of nutrients in Tanzania?
From this research it can be concluded that the answer to this question is yes. With the current
knowledge and assumptions that have been made it is both feasible from a social and an economic
perspective in Tanzania, but more research and practical experiments are necessary to confirm these
findings. The most important opportunities are created by the favorable climate in combination with a
large demand for fish. The most important barriers are the lack of knowledge about micro algae
cultivation, a lack of financial resources to finance experiments and the absence of an actor who is
willing to take the lead in this process and create an actor network that can support the experiments.
The barriers make it uncertain if the innovation process will continue, but if an actor takes the lead,
there are large opportunities in Tanzania for the cultivation of micro algae as food for fish, when
wastewater of a food processing industry is used as source of nutrients.
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5. Conclusions
5.1 Research conclusions
The aim of this research was to answer the following question:
Is it socio‐economic feasible to cultivate micro algae as food for fish or shellfish when wastewater of a
food processing industry is used as source of nutrients?
The answer to the research question is based on literature, expert opinions, observations and case
studies in the Netherlands and in Tanzania.
Landscape developments and regime pressures that are drivers for niche experiments
The Netherlands
Stricter regulations for shellfish cultivation in coastal waters create regime pressure to find other ways
to cultivate shellfish. Because of this pressure, an experiment has been started with onshore shellfish
cultivation. Shellfish eat micro algae and therefore large amounts of micro algae are necessary.
Stricter regulations for nutrient removal from wastewater and an increasing environmental awareness
create pressure on the regime for wastewater treatment to remove more nutrients in a sustainable way.
Because of to this pressure, experiments are done to change wastewater treatment plants into factories
of valuable nutrients that can be removed from the wastewater. Micro algae offer the potential to
recycle these nutrients in a sustainable way.
The pressure on the regime for shellfish cultivation and on the regime for wastewater treatment was
the reason for shellfish cultivators and a potato processor to start an experiment where shellfish are
produced with micro algae that are cultivated on the wastewater of the potato processing factory. This
offers the opportunity to make shellfish cultivation and wastewater treatment more sustainable, and to
reduce costs for both actors. This experiment was used as a case study in the Netherlands.
Tanzania
In Tanzania there is an increasing disparity between supply and demand of fish due to overfishing and an
increasing demand for fish. This causes pressure on the regime for fish supply to find new ways to
increase the fish production. The fish production can be increased by farming fish. Large amounts of
micro algae can be used as feed for farming tilapia, a species of fish that is commonly eaten in Tanzania.
Since 2004 there are wastewater regulations in Tanzania. There has been little enforcement of these
regulations, but the attention for wastewater and the enforcement of the regulations is increasing.
Therefore there is an increasing pressure to treat wastewater. Micro algae offer the opportunity to treat
the wastewater of food processing industries because their wastewater often contains high amounts of
nutrients and little pathogens or chemicals.
The pressure on the regimes for fish supply and wastewater treatment in Tanzania, offers opportunities
to start a niche experiment with micro algae cultivation on wastewater from a food processing industry
for the production of fish. In Tanzania there were no experiments with micro algae cultivation that could
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be used for a case study. Therefore the research in Tanzania was focused on the feasibility of starting an
experiment that is similar to the experiment in the Netherlands.
Social feasibility
The Netherlands
From the experiment that was used as a case study in the Netherlands it can be concluded that the
involved actors have positive expectations about the innovation, but that there are different
expectations about the productivity of micro algae in open and closed systems. This leads to
experiments with both systems by separate actors and different visions on the feasibility of wastewater
treatment with micro algae. No actors have been identified that are against the experiment.
It can be concluded from the case study that the climatic conditions in the Netherlands make it
unrealistic to replace conventional wastewater treatment systems with conventional systems for micro
algae cultivation. Wastewater can however be a sustainable source of nutrients for micro algae although
there are technical problems that still have to be solved with the pretreatment of the wastewater in the
experiment.
The network of active actors in the experiment is small and consists only of commercial companies that
have no experience with large scale algae cultivation. Learning processes could be improved by
extending the actor network with researchers and commercial algae cultivators who have experience
with large scale algae cultivation.
From the case study it can be concluded that the innovation is in an early stage of the innovation
process; the network of actors that are involved in the experiment is small, the actors have positive but
different expectations about the technology and learning processes are taking place about how to make
the technology effective.
The positive expectations of the actors that are involved in the experiment, the absence of opponents of
the innovation, and the potential to improve the technology by learning through an extended actor
network and experiments, leads to the conclusion that it is socially feasible to cultivate micro algae as
food for shellfish when wastewater of a food processing industry is used as source of nutrients in the
Netherlands.
Tanzania
From the interviews in Tanzania it can be concluded that actors of the actor groups that are most
important at the start of an experiment ‐ researchers, food processing industries and the government ‐
have positive expectations about the proposed system with micro algae cultivation, and that they are
willing to cooperate in an algae experiment. Although many actors were positive about the idea for the
use of micro algae, no actor has been found with experience in the field of micro algae cultivation.
Furthermore, no actor was found that is likely to start the formation and coordination of the actors into
an actor network. During the research, no actors have been found who are able or willing to provide the
financial resources that are necessary for research and experiments in Tanzania before the technology
has been proven to work well.
The algae technology in Tanzania is at the start of the first phase of the innovation process because
there is only an idea for an innovation. Therefore learning processes to make the technology work
effective will be most important when a niche experiment is started.
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All together 43 interviews have been done in Tanzania. None of the interviewees had objections to the
proposed system with micro algae cultivation.
Because no actors have been found who are against the experiment and actors from important actor
groups are interested to participate in an experiment, it can be concluded that an actor with financial
and organizational power could start an experiment in Tanzania. If this actor is able to prove that the
technology works, managers from food processing industries would like use the technology. Therefore it
can be concluded that, although it is uncertain if an actor will take the lead, this experiment is socially
feasible.
Economic feasibility
The Netherlands
The economic feasibility of the experiment in the Netherlands has been assessed with a financial Cost
Benefit Analysis (CBA). The analysis has been done for a situation where open pond systems are used for
the algae cultivation. The CBA was mainly based on information from Norsker (2011) and interviews
with the actors that are involved in the experiment that was used as a case study. When micro algae are
used to remove the necessary amount of 200 mg N/l from an average of 5% of the wastewater of the
potato processor (87600 m3), an area of 14.6 ha is necessary for the combined algae and shellfish
cultivation. Therefore an investment of 8.5 million euro’s has to be done that will lead to an NPV of 4
million euro’s and a real IRR of 16% after 10 years. The payback period is between 6 and 7 years.
Therefore it can be concluded that, with the assumptions that were done, this project is economically
feasible from an investor’s point of view.
The minimum scale of algae and shellfish cultivation at which the NPV is still positive is 4 hectares. Next
to the scale at which the cultivation takes place, three assumptions have been identified in the
sensitivity analyses that are both uncertain and highly influential on the profitability of the investment.
These are the productivity of algae, the productivity of shellfish and the conversion efficiency of algae
into shellfish. Further experimentation is important to get more reliable information about these
variables.
Tanzania
The economic feasibility in Tanzania has been assessed with a financial Cost Benefit Analysis (CBA) for a
hypothetical case where all the wastewater of a brewery is treated with micro algae in open systems
and the algae are used as feed for tilapia. In this scenario 15 mg N/l needs to be removed from 219000
m3 of wastewater per year. To accomplish this, there is a need for an area of 2.5 ha and an investment
of 179 million TZS (90 thousand euro’s). From the financial CBA it follows that, with the assumptions
that were done, this project would have an NPV of 466 million TZS (233 thousand euros), a real IRR of
50% and a PBP between 2 and 3 years. The minimum scale at which the NPV is still positive is 0.4
hectares. Therefore it can be concluded that this project is economically feasible from an investor’s
point of view.
Assumptions have been made about the costs and benefits because no real experiments have been
done yet in Tanzania. From the sensitivity analysis it can be concluded that even with changes in single
variables of more than 50%, the project remains profitable. However, when the assumptions about
multiple variables differ more than 50%, this might make the project unprofitable. Therefore
experiments need to be done in Tanzania to verify these findings. The variables that are most uncertain
and influential on the CBA are the amount of algae and fish that can be produced per hectare.
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Comparing barriers and opportunities in the Netherlands and Tanzania
From the case study in the Netherlands it can be concluded that the climatic conditions in the
Netherlands make it unrealistic to treat wastewater with micro algae all year round due to the
fluctuation of the algae productivity in different seasons. The tropical climate in Tanzania enables an
algae production that is higher than in the Netherlands and it is more constant over the year. This makes
Tanzania more suitable for wastewater treatment with algae.
In Tanzania, the algae productivity is approximately 60% higher, the costs of labor are approximately 40
times lower, while land is 70 times cheaper and more abundant than in the Netherlands. This makes
Tanzania theoretically more attractive for large scale algae cultivation at low costs and also from the
financial CBA it can be seen that these are important differences that make the hypothetical project in
Tanzania more profitable than the project in the Netherlands.
From the interviews in Tanzania it can however be concluded that there is hardly any knowledge and
experience with micro algae cultivation and that there are less opportunities in Tanzania to fund
experiments that can help to create new knowledge and innovations. In the Netherlands there is more
knowledge and experience with algae cultivation. Besides that there are opportunities to get
government subsidies for niche experiments in a stage of the innovation where there is high uncertainty
about the technology. This makes it more attractive to start experiments with micro algae cultivation in
the Netherlands
According to these findings it is likely that the system would be further developed and used in the
Netherlands at first, but when the system works well, it would become economically more attractive to
move the production to a tropical country. Therefore one could imagine a situation in which Dutch
shellfish cultivators improve their technology in the Netherlands and then move their production to
Tanzania.
Generally it can be concluded that the high costs of algae cultivation in the Netherlands in combination
with the available knowledge and experience would make this country especially attractive for the
production of small amounts of high value products. In Tanzania it is more difficult to start the
development of micro algae cultivation systems, but when these barriers are taken, it is likely that
Tanzania will become more attractive for large scale micro algae cultivation.
Final Conclusion
In response to the research question, it can be concluded from the case studies that, with the
assumptions that were done, it is socially and economically feasible in the Netherlands and in Tanzania
to cultivate micro algae as food for fish or shellfish when wastewater of a food processing industry is
used as source of nutrients.
These positive results offer the perspective on a bright future for this innovation and bear the promise
of creating a sustainable win‐win situation by using micro algae.
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5.2 Recommendations
Research recommendations
Due to the uncertainty about the productivity of micro algae in open and in closed systems it is
recommended to do long term experiments of at least a year with open and closed systems under
realistic climatic conditions. Furthermore it can be recommended to take into account the influence on
the algae productivity of using extra CO2, waste heat and artificial light.
The productivity of micro algae also depends on the target values for the wastewater effluent because
low levels of nutrients can lead to a lower algae production. It can be recommended to research the
influence of low levels of nutrients on the algae productivity for different sources of wastewater and
different target effluents.
When wastewater is used as source of nutrients, it needs to be pretreated to remove large particles that
block sunlight. From the case study in the Netherlands it follows that more research is necessary to
create a technology that can effectively remove these particles at a large scale at low costs.
In Tanzania this research needs to be extended to the identification of algae species that grow fast on
wastewater and that are suitable for tilapia cultivation. Furthermore, Tanzania is a large country with
different temperature and different rainfall patterns in different regions. Therefore is it important to pay
attention to the location of the experiments.
From the financial CBA it was concluded that the algae to shellfish and the algae to fish conversion ratio
is uncertain and very influential on the financial feasibility of the project. Therefore it is important to do
more research to define the exact conversion ratios in the Netherlands and in Tanzania.
It is expected that micro algae cultivation on wastewater will lead to a reduction in the costs of
wastewater treatment and it could lead to extra income from carbon credits due to the CO2 that is
captured by algae during their growth. These opportunities for cost reductions could make it more
attractive to invest in micro algae cultivation and therefore it would be interesting for further research.
Regulations concerning the safety of the food production with micro algae were not within the scope of
this research. Especially Dutch regulations concerning the use of wastewater for food production could
hinder up scaling of the experiment. Therefore it can be recommended to research the impact of
regulations.
Policy recommendations
From the results of this research it follows that learning processes about micro algae can be improved
by extending actor networks to improve knowledge sharing. Therefore it can be recommended to make
policies that stimulate the sharing of knowledge about new innovations within a country and between
countries. This could be done for example by the creating a knowledge platform about micro algae
where researchers, commercial companies, government officials and other actors can share knowledge.
Between countries knowledge sharing could also help the development of new technologies in countries
like Tanzania where the climate offers high potential for micro algae cultivation while a lack of
knowledge creates barriers to start to develop the technology.
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From the case study in Tanzania it follows that it is difficult to find financial capital for research and
experiments with new technologies that are not yet efficient, even when these technologies are likely to
become profitable and when they offer the perspective for future improvements of existing
technologies. This makes the start of innovation processes difficult while the technology offers
opportunities for economic development. The research in the Netherlands showed that government
subsidies helped to start the experiment with micro algae cultivation for shellfish production and
decrease the risk for the involved actors. Therefore it can be recommended, especially in Tanzania, to
make policy for financial stimulation of research and experiments with new innovations that can lead to
social and economic development of the country.

5.3 Methodological discussion
For this research a combination of the Multi‐Level Perspective (MLP) and Strategic Niche management
(SNM) have been used. In the SNM theory aspects were integrated of Douthwaite’s theory of learning
selection and Korten’s stages of learning. The theoretical framework was complemented with a financial
CBA. Data for the research have been acquired through literature research, interviews and observations.
Because of the early stage of the innovation, a limited amount of relevant literature could be found.
Semi structured interviews with experts proved to be a useful source of information to fill in knowledge
gaps. The MLP and SNM theory gave guidance for the interview questions, but the theory leaves enough
space for the interviewees to come up with related information which was often relevant though not
directly asked for. Especially the case study in Tanzania could not have been done without going there
for interviews and observations.
MLP was useful for understanding the context of the experiment in the Netherlands and the context for
the opportunities to start an experiment in Tanzania. The understanding of landscape developments
helped to understand pressure at the regime level. An understanding of the regime level was helpful to
understand what happened in the niche and the opportunities and barriers for niche development.
The SNM framework proved to be useful for a description of the current situation of the niche
experiment in the Netherlands. The theory makes use of abstract and broadly defined concepts that
allows for input from different qualitative sources of information like literature, interviews and
observations. The use of these general and abstract terms like ‘actor networks are more successful if
they are broad and deep’ made it difficult to assess the social feasibility of the project: how to assess if
an actor network is broad and deep enough? Is a niche experiment still feasible if the visions and
expectations of some of the actors are not completely aligned? These kinds of questions can be
answered on hindsight when an historical case is studied, but the assessment of the feasibility of an
ongoing process is difficult with this theory. A meta‐analysis of a large number of historical cases could
be interesting to study the possibility of making these concepts more concrete. Furthermore, it could be
interesting to search for other innovation theories that can make more specific what kind of aspects
influence the feasibility of early niche experiments.
The SNM theory was even more difficult to apply in Tanzania where the research was focused on the
assessment of the feasibility of starting an experiment. According to SNM, there are three important
niche processes; visions and expectations of actors, the actor network and the learning processes. As
there was no research or experiment in the field of micro algae cultivation, there was by definition also
no actor network for this niche innovation and no learning processes. This led to a situation in which
only broad actor groups could be defined with the SNM theory. For example researchers were likely to
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be important, but in Tanzania there are many researchers in many different research disciplines while
there are no researchers specialized in the field of micro algae cultivation. The SNM theory provides
little guidance in such a pre innovation stage about how to shape the research and how to judge about
the feasibility of starting a niche experiment. Therefore it can be recommended to use other innovation
theories to assess the feasibility of starting a niche experiment.
Complementing SNM with a CBA proved very useful in the Netherlands and in Tanzania to assess the
economic feasibility because it gives a clear quantitative basis for an assessment of the economic
feasibility. The sensitivity analysis is found to be an important extension of the CBA because it gives
more insight is the variability and uncertainty of the outcomes.
The SNM theory in combination with Korten’s stages of learning helped to understand the phase of the
innovation trajectory. The theory of Korten was less useful to understand how the learning processes
could be further improved.
According to SNM, early niche experiments are started by small networks of actors because of their
visions and expectations about the future. Douthwaite (2002) is more detailed about the role of actors
in different phases of the development of a new technology; researchers develop a prototype of a
technology on the basis of a bright idea. In the adaption phase, this prototype is further adapted by
innovative firms. In contrast to the theory of Douthwaite it can be concluded from the case study in the
Netherlands that innovative key stakeholders have started to learn about and adapt a technology before
there is a best bet from researchers. When this experiment leads to a consensus about the best
technology, it would indicate that the process differs from what could be expected from the theory. If
this is true, innovative key stakeholders do not only adapt a technology, but they also develop a best bet
before this is done by researchers.
The theory of Douthwaite does not pay attention to the role of the government. From the case study in
the Netherlands it is clear that the government was important at the start of the experiment. These
observations could be an interesting point for further research about how innovation trajectories take
place and which actors have influence during early stages of an innovation trajectory.
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Appendix I: Background countries of research
The Netherlands
The Netherlands is part of the Kingdom of the Netherlands and is located in northwestern Europe,
bordering Belgium and Germany and the North Sea.
With area 41543 square kilometer, it is among the smallest countries in the world and about 23 times
smaller than Tanzania. The country is relatively flat with altitudes just under or above sea level.
The Netherlands has a temperate marine climate with cool summers with an average temperature of 18
C and mild winters with an average temperature of 3 C. Due to its location at the mouth of three major
European rivers and average rainfall between 42 and 83 mm per month, adding up to a total of 833 mm
per year, most of the year there is an abundant amount of sweet water.
Having nearly 17 million people it is one of the most densely populated countries in the world. Over 80%
of the population is Dutch furthermore there are relatively big groups of other EU member states (5%),
Indonesians (2%), Turkish (2%) and Moroccans (2%).
The life expectancy at birth is 81 years and the median age is 41 years and still increasing.
The Dutch people are generally well educated with an average school life expectancy of 17 years and
99% of the population of over 15 years is literate (CIA, 2012).
History
The Kingdom of the Netherlands was formed in 1815 and consisted of the Northern and Southern
Netherlands. The Southern Netherlands became independent in 1830 and formed the independent
state Belgium, creating the present day borders of the Netherlands.
In 1848, there was a constitutional reform, making ministers accountable to an elected parliament
instead of the king. This reform was the basis for a parliamentary democracy under a constitutional
monarchy.
During the First World War, the Dutch remained neutral, but the economy suffered heavily from the
war. In the same period, the Dutch men became universal suffrage in 1917 followed by women in 1919.
During the Second World War the Dutch tried to remain neutral again, but it was invaded by Germany in
1940. After five years of war, the Netherlands was liberated and the Dutch started to rebuild their
country with American aid of the Marshall Plan. During the next decades, the Netherlands had a nearly
continuously growing economy while government coalitions turned the country into a welfare state with
strong social legislation (Ministry of Foreign Affairs, 2010).
Economy
The Netherlands has the 23rd largest economy in the world and the 5th largest economy of the EU with a
GDP of 858 billion dollar in 2011. With a GDP per capita of 42,000 dollar a year (in PPP), it is one of the
richest countries in the world (CIA, 2012).
The service sector accounts for 73% of GDP and the industrial sector for 24%. Most important industries
are chemicals, petroleum refining, electrical machinery, and food processing. A highly developed
agricultural sector employs only 2% of the people and provides an important part of the food for the
food processing industry and for exports. The agricultural sector exports 75% of its products, making it
the third largest in terms of exports.
Trade in general is very important for the Dutch economy accounting for 60% of GDP.
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The Dutch economy is a free market system. Over the last decades the government has been reducing
its role in regulation and taxation and several state owned companies have been privatized (Ministry of
Foreign Affairs, 2010).
Due to the combination of the open economy and the importance of trade, the global economic
downturn had a significant effect, leading to economic slowdown and even a recession in 2009 with a
negative economic growth. In 2010 and 2011, the economy recovered a little leading to an economic
growth of 1.6% in both years (CIA, 2012)
The minimum wage is 1469 euro’s per month (Rijksoverheid, 2013).
Environmental issues
One of the main environmental issues the country faces is water pollution in the form of heavy metals,
organic compounds, nitrates and phosphates (CIA, 2012).
Tanzania
Tanzania is located in Eastern Africa, bordering Kenya, Uganda, Rwanda, Burundi, the Democratic
Republic of Congo, Zambia, Malawi, Mozambique and the Indian Ocean.
With a total surface area of 947,300 square kilometer, it is about 23 times bigger than the Netherlands
and among the bigger countries worldwide. The country is relatively flat close to the coast with a
plateau in the middle of the country and highlands in the North and South, including the Kilimanjaro,
with an altitude of 5895 the highest mountain from Africa.
Tanzania lies just below the equator. The climatic conditions vary across the country from tropical along
the coast to temperate in the highlands. Along the coast temperatures differ between 25 and 37 0C with
an average precipitation of 892 mm. The highlands have average temperatures between 20 and 23 0C
Most of the country has a tropical climate with an average of 892 mm of precipitation and temperatures
rarely dropping below 20 C.
Tanzania has a population of nearly 44 million people which is about 2.5 times more than the population
of the Netherlands. With a country that is 23 times bigger, Tanzania is clearly less densely populated
than the Netherlands. The median age is 18.5 years and the life expectancy at birth is 53 years, which is
among the lowest in the world (CIA, 2012).
Most of the population in Tanzania has only had some years of primary education. 97% of the
population attends some years of primary education, 38% attend lower secondary education and 5%
attend higher secondary education (UNICEF, 2003).
Tanzania has two official languages, Swahili and English. Swahili is mostly spoken in daily life and English
is mainly used for higher education and business (CIA, 2012).
History
Tanganyika and Zanzibar became independent from Britain in the early 1960s after decades of colonial
domination. In 1964 the two countries merged and together formed the country that is currently known
as Tanzania. Zanzibar remained a highly autonomous region within Tanzania with its own political
parties and regional elections. President Nyerere merged the ruling parties from mainland Tanzania and
Zanzibar into a single ruling party in 1977 called CCM (Chama Cha Mapinduzi) Revolutionary Party. CCM
became the only legal party in Tanzania taking all important political and economic decisions. Since then
there was a one party rule with strong social policies and socialistic economic policies leading to
increasing corruption loss of the countries welfare (U.S. Department of State, 2011). In 1995 the first
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multiparty elections in Tanzania were held. Since then, efforts have been made to reduce corruption in
the country and often contested elections have been held every 5 years (CIA, 2012). Every election until
now, CCM has become an absolute majority but opposition parties have been gaining increasing votes
over the years.
Economy
Tanzania had a GDP of US 23 billion in 2011 and a GDP per capita of US 1500 (PPP). This means that it is
one of the poorest countries in the world measured in per capita income. However, the country had an
annual economic growth rate for the last decade around 7% and compared to its neighboring countries
in the region, Tanzania is relatively rich with only Kenya and Zambia having a slightly higher GDP per
capita.
The high economic growth is clearly supported by donor assistance. In 2008 the country received the
largest Millennium Challenge Compact grand worth 698 million dollar that was to be spent in the next
five years and millions of yearly donor aid by other countries.
Agriculture is a very important economic sector employing 80% of the people and accounting for 28% of
GDP and 85% of the exports (CIA, 2012). Tanzania has one of the smallest industrial sectors from Africa
as percentage of its GDP. Most of the industrial sector mainly consists of small and medium sized
enterprises focused on food processing (U.S. Department of State, 2011).
Minimum wages in the agriculture and industrial sector are respectively 70000 and 80000 TZS which is
equivalent to 33 and 38 euro’s per month. This is approximately 40 times lower than in the Netherlands
(WageIndicator, 2012).
Environmental issues
Among the major environmental issues in Tanzania are soil degradation, deforestation and water
pollution (CIA, 2012) (WWF, 2007).
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Appendix II: Financial Cost Benefit Analyses
The Netherlands
Financial CBA Algae and Shellfish farming in the Netherlands
Variables
length of CBA
y
conversion efficiency algae into shellfish
algae production
kg dm/ha/y
shellfish production
kg/ha/y
Area Algae vs shellfish cultivation
%
Area shellfish vs algae cultivation
%
Nitrogen in algae
%
price of shellfish
€/kg
Land
ha
Cost of Land
€/ha
PVC liner
€
Centrifuge
€
Power for Centrifuge
€/y
medium preparation
€
power for medium preparation
€/y
harvest buffer tank
€
blower/ paddlewheel
€
power for b/p
€/y

10
0,33
16000
144000
75%
25%
10%
5
14,6
70000
82874
199349
2723
136601
486
42185
7594
507

installation costs
instrumentation costs
piping
buildings

€
€
€
€

70291
46855
140582
140582

culture medium
carbon dioxide
medium filters
labor
salary overhead
maintanance
general plant overheads

€/y
€/y
€/y
€/y
€/y
€/y
€/y

7040
5387
7107
120000
30000
7209
69965

LWM
Amount of wastewater
Nitrogen in wastewater
Max N allowed
Wastewater treated with algae
Algae production
Shellfish production
Required area algae production
Required area shellfish production
Total area required

L/y
mg/l
mg/l
%
kg/y
kg/y
ha
ha
ha

1752000000
240
40
5%
175200
525600
11,0
3,7
15

Investment costs
pvc liner
centrifuge
medium preparation
harvest buffer tank
blower/ paddlewheel
installation costs
instrumentation costs
piping
buildings
land
Total

Interest and inflation
Nominal interest
Inflation
Real interest

1238126
0
1412090
580255
110867
725458
483538
1450915
1450915
1022000
8474164

Recurrent costs
power
culture medium
carbon dioxide
medium filters
labor
salary overhead
maintanance
general plant overheads
Total

Sensitivity analysis
Variable
% Wastewater treated
% Wastewater treated
% Wastewater treated
price shellfish
algae production
algae production
shellfish production
Conversion efficiency
labor
Investment costs
investment costs
recurrent costs
recurrent costs

14507
0
0
103765
148697
37174
60970
115318
480431

Benefits
Selling shellfish
Total

i
p
r

Value
1%
10%
20%
4
5000
35000
25% decrease
2 times algae
100% increase
25% increase
50% increase
25% increase
50% increase

10,00%
1,89%
7,96%

Real IRR NPV
switching value
3%
‐502605
1.4%
17%
9635974
1.4%
20%
20901061
1.4%
10%
957019
3,7
‐8%
‐22409922
10999
30%
7776766
10999
9%
347754
104837
6%
‐1004523
2,2
14%
3003838
450856
11%
1884889
12477594
8%
‐233652
12477594
14%
3196025
1075973
13%
2388619
1075973

2628000
2628000

CBA in constant prices
Year
0
1
2
3
4
5
6
7
8
9
10

Investment costs Recurrent costs Benefits
8474164
0
0
480431
0
480431
0
480431
0
480431
0
480431
0
480431
0
480431
0
480431
0
480431
0
480431
NPV
Real IRR

Nett CF
0
0
2628000
2628000
2628000
2628000
2628000
2628000
2628000
2628000
3650000

‐8474164
‐480431
2147569
2147569
2147569
2147569
2147569
2147569
2147569
2147569
3169569

Discount f Discounted NC Cumm DNCF
1
‐8474164
‐8474164
0,926273
‐445011
‐8919175
0,857981
1842573
‐7076601
0,794725
1706725
‐5369876
0,736132
1580893
‐3788983
0,681859
1464338
‐2324644
0,631587
1356377
‐968268
0,585022
1256375
288107
0,54189
1163746
1451853
0,501938
1077946
2529799
0,464931
1473632
4003430

4003430
16%
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Assumptions CBA ‐ the Netherlands
Source and assumptions Variables NL
Variable
Length CBA
y
algae production
kg dm/ha/y
shellfish production
kg/ha/y
Area Algae cultivation
%
Area shellfish vs algae cul%
Nitrogen in algae
%
price of shellfish
€/kg
Land
ha
Cost of Land
€/ha
PVC liner
€
Centrifuge
€
Power for Centrifuge
€/y
medium preparation
€
power for medium prepa €/y
Harvest buffer tank
€
blower/ paddlewheel
€
power for b/p
€/y

# for 1 ha
10
20000*0,8
3*C6*C8/C9
75%
25%
10%
5
C46
70000
C5*21000*0,8*49,33/100
C5*21000*0,8*118,66/100
C6*17,02/100
C5*21000*0,8*81,31/100
C6*0,8*3,8/100
C5*0,8*21000*25,11/100
C5*21000*0,8*4,52/100
C6*3,17/100

Norsker et al (2011)
No change
Average of Norsker et al (2011), Waterstromen (201No change
Vos (2012)
No change
Vos (2012)
No change
Vos (2012)
No change
Michels (2012)
No change
Vos (2012)
No change
Variable
Vos (2012)
No change
Norsker et al (2011)
C14+(($C$11‐1)*((10*21000*0,8*100*0,4045)/100))
Norsker et al (2011)
Norsker et al (2011)
Norsker et al (2011)
C17+(($C$11‐1)*((10*21000*0,8*100*0,4466)/100))
Norsker et al (2011)
C18*C12
Norsker et al (2011)
C19+(($C$11‐1)*((10*21000*0,8*100*0,1884)/100))
Norsker et al (2011)
C20*C12
Norsker et al (2011)
C21*C12

installation costs
instrumentation costs
piping
buildings

€
€
€
€

C5*21000*0,8*41,84/100
C5*21000*0,8*27,89/100
C5*21000*0,8*83,68/100
C5*21000*0,8*83,68/100

Norsker et al (2011)
Norsker et al (2011)
Norsker et al (2011)
Norsker et al (2011)

C23+(($C$11‐1)*((10*21000*0,8*100*0,2294)/100))
C24+(($C$11‐1)*((10*21000*0,8*100*0,1529)/100))
C25+(($C$11‐1)*((10*21000*0,8*100*0,4588)/100))
C26+(($C$11‐1)*((10*21000*0,8*100*0,4588)/100))

culture medium
carbon dioxide
medium filters
labor
salary overhead
maintanance
general plant overheads

€/ha/y
€/ha/y
€/ha/y
€/y
€/y
€/y
€/y

C6*44/100
C6*33,67/100
C6*44,42/100
3*40000
0,25*C31
21000*0,8*42,91/100
0,55*(C31+C33)

Norsker et al (2011)
Norsker et al (2011)
Norsker et al (2011)
Norsker et al (2011)
Norsker et al (2011)
Norsker et al (2011)
Norsker et al (2011)

No change
No change
C30*C12
C31+(($C$11‐1)*((21000*0,8*100*0,1256)/100))
C32+(($C$11‐1)*((21000*0,8*100*0,0314)/100))
C33+(($C$11‐1)*((21000*0,8*100*0,2353)/100))
C34+(($C$11‐1)*((21000*0,8*100*0,1985)/100))

LWM
amount of wastewater L/y
Nitrogen in wastewater mg/l
Max N allowed
mg/l
Wastewater treated with %
Algae production
kg/y
Shellfish production
kg/y
Required area algae prod ha
Required area shellfish prha
Total area required
ha

Interest and inflation
Nominal interest
Inflation
Real interest

Source

1752000000
Rij (2012)
240
Rij (2012)
40
Rij (2012)
5%
C41*C38*((C39‐C40)*(10^‐6))*(1/C10)
3*C42
C42/C6
C43/C7
C44+C45

i
p
r

10,00%
1,89%
((1+C50)/(1+C51))‐1

Sikking (2012)
CBS (2012)

Extrapolation at increasing production scale

Assumptions
Average depreciation is 10% per year
Algae production in the Netherlands in open ponds
1 kg dw algae for 3 kg shellfish
The area for algae cultivation is 3 times the area for shellfish cultivation
The area for algae cultivation is 3 times the area for shellfish cultivation
N in algae makes up on average 10% of the total body weight
For the base case of the CBA it is assumed that 5% of the wastewater of LWM is treated
Price of agricultural land around Yerseke
Variable not used
Variable not used

Variable not used
Variable not used
3 laborers á 40000 each for 1 ha
25% of labor costs
55% of labor+maintanance

No change
No change
No change
No change
No change
No change
No change
No change

This corresponds with an area of 15 ha which is within the maximum amount of land that ZA owns (17 ha)
Algae production depends on amount of wastewater, Nitrogen and the percentage of nitrogen in the algae
algae to shellfish ratio is 1:3

No change
No change
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Tanzania
Financial CBA algae and shellfish farming in Tanzania
Variables
length of business case
conversion efficiency feed to fish
Max N allowed in wastewater
Nitrogen in algae
algae production
fish production
price of fish
cost of fingerlings
Area Algae vs fish cultivation
Area fish vs algae cultivation
Land
cost of land
Pond excavation
Excavator transportation
Pond building materials
Equipment
Waterpumps

y
kg feed/kg fish
mg/l
%
kg dm/ha/y
kg/ha/y
Tsh/kg
Tsh/fingerling
%
%
ha
TZS/ha
TZS/ha
TZS/excavator
TZS/ha
TZS
TZS/ha

10
1,7
15
10%
25600
16000
6000
100
52%
48%
2,5
2000000
25066667
500000
31266667
1970000
5333333

Cost of nutrients
weight of tilapia at harvest
labor
cost of maintanance
miscelaneous

€/ha
kg/fingerling
TZS/y
TZS/y
%

0
0,8
14400000
1333333
10%

Tanzania Breweries
amount of wastewater
N in wastewater

L/y
mg/l

219000000
30

Algae production
Fish production
Required area algae production
Required area fish production

kg/y
kg/y
ha
ha

32850
19324
1,28
1,21

Investment costs
Land
Pond Construction
Equipment
Water pumps
Miscelaneous
Total
Recurrent costs
Cost of new fingerlings
Cost of nutrients
Labor
Maintanance
Miscelaneous
Total

Benefits
Selling fish
Total

4981847
140822036
4907120
13284926
15071100
179067030

Interest and inflation
Nominal interest
Inflation
Real interest

i
p
r

15,00%
7,59%
6,89%

Sensitivity analysis
2656985
0
16904752
3321232
2022598
24905567

115941176
115941176

Variable
Amount of wastewater
Amount of wastewater
Price of fish
algae production
algae production
fish production
Feed to fish ratio
Investment costs
Variable costs

Financial CBA in constant prices
Year
Investment cost Variable costs Profits
0
179067030
0
1
0
24905567
2
0
24905567
3
0
24905567
4
0
24905567
5
0
24905567
6
0
24905567
7
0
24905567
8
0
24905567
9
0
24905567
10
0
24905567

NPV
Real IRR

466233932 TZS
50%

0
115941176
115941176
115941176
115941176
115941176
115941176
115941176
115941176
115941176
120923024

Change
75% decrease
100% increase
50% decrease
75% decrease
75% increase
75% decrease
100% increase
100% increase
100% increase

Real IRR

NPV
24%
54%
13%
12%
66%
13%
24%
22%
35%

42054862
1031806026
56942347
104208302
517951879
125503927
123110280
287166902
290392366

Switching value
38465577
38465577
2584
5264
5264
3134
5,0
645300962
90941265

Nett CF
Discount factorDiscounted NCCumm DNCF
‐179067030
1,00 ‐179067030
‐179067030
91035609
0,94
85169750
‐93897280
91035609
0,88
79681855
‐14215425
91035609
0,82
74547572
60332148
91035609
0,77
69744116
130076263
91035609
0,72
65250169
195326432
91035609
0,67
61045788
256372220
91035609
0,63
57112316
313484537
91035609
0,59
53432297
366916833
91035609
0,55
49989398
416906231
96017457
0,51
49327700
466233932

233117 EUR
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Assumptions CBA ‐ Tanzania
Variables
length of CBA
conversion efficiency feed to fish
Max N allowed in wastewater
Nitrogen in algae
algae production
fish production
price of fish
cost of fingerlings
Area Algae vs fish cultivation
Area fish vs algae cultivation
Land
cost of land
Pond excavation
Excavator transportation
Pond building materials
Equipment
Waterpumps

y
kg feed/kg fish
mg/l
%
kg dm/ha/y
kg/ha/y
TZS/kg
TZS/fingerling
%
%
ha
TZS/ha
TZS/ha
TZS/excavator
TZS/ha
TZS
TZS/ha

# for 1 ha
10
1,7
15
10%
32000*0,8
20000*0,8
6000
100
C35/(C35+C36)
C36/(C35+C36)
C35+C36
2000000
25066667
500000
31266667
1970000
5333333

Source
Norsker et al (2011)
FAO (2006)
Kombe (2012)
Michels (2012)
Norsker et al (2011)
Qiuming 2004
Dadu (2012)
Dadu (2012)
C34/(C34+C35)
E35/(E34+E35)
C34+C35
Rweyemamu (2012)
Dadu (2012)
Dadu (2012)
Dadu (2012)
Dadu (2012)
Dadu (2012)

Extrapolation at increasing production scale
No change
No change
No change
No change
No change
No change
No change
No change
No change
No change
Variable
No change
No change
No change
No change
No change
No change

Cost of nutrients
weight of tilapia at harvest
labor
cost of maintanance
miscelaneous

€/ha
kg/fingerling
TZS/y
TZS/ha/y
%

0
0,8
14400000
1333333
10%

Dadu (2012)
Dadu (2012), WageIndicator (2012)
Dadu (2012)
Estimation by Author

No change
$C$25+((C15‐1)*(2*840000))
No change
No change

Tanzania Breweries
amount of wastewater
N in wastewater

L/y
mg/l

219000000
30

Lwambo (2012)
Lwambo (2012)

Variable
No change

Algae production
Fish production
Required area algae production
Required area fish production

kg/y
kg/y
ha
ha

C30*((C31‐C7)*(10^‐6))*(1/C8)
C33/C6
C33/C9
C34/C10

Assumptions
Depreciation of 10% per year

80% of the land can be effectively used
80% of the land can be effectively used

No extra measurement equipment is needed at increasing scale

Nutrients will be supplied for free
The average weight of the tilapia at harvest is 0.8 kg
Below 1 ha the labor costs are the same, above 1 ha two extra low skilled laborers per ha
10% of investment costs and 10% of recurrent costs

The amount of wastewater is proportional to the beer production
N in wastewater is the same in different breweries of TB

Proportional to amount of wastewater
Proportional to amount of wastewater
Proportional to amount of wastewater
Proportional to amount of wastewater
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Appendix III: Interviews in the Netherlands
Name

Details

Jan Appelman

Project Manager Industrial Water at Royal Haskoning DHV

Nadine Boelee

PhD researcher at the WUR on sewage treatment with microalgal
biofilms
CEO AlgaeLink

Peter van den
Dorpel
Coen van
Gennep
Alexander
Hendriks
Rik Hoevers
Arthur Kroon
Tom Lievense
Laurens
Meijering
Michiel Michels
Cees van Rij
Roelof
Schipperus
Benjamin
Schrijver
André van
Tilborg
Ronald de Vos
Wim Wiegant

Operator of Algae Food & Fuel at the algae installations of the WUR at
ACRESS
Water Engineer at Royal Haskoning DHV
Owner‐director and senior advisor land‐use management and
participatory development at LinQ
Specialist Research and Development at Algae Food & Fuel
Daily operations manager of the algae cultivation system at Lamb
Weston Meijer
Project manager Food, Energy & Industry at Economische Impuls
Zeeland
PhD researcher at the WUR on micro algae cultivation in closed
systems
Operations Manager Environmental Affairs at Lamb Weston Meijer

Date
26‐6‐2012
2‐7‐2012
6‐7‐2012
4‐7‐2012
26‐6‐2012
28‐6‐2012
19‐7‐2012
6‐7‐2012
6‐7‐2012
16‐10‐2012
6‐7‐2012

Project leader of the algae research at Acrres on behalf of the WUR

15‐6‐2012

Employee Shellfish hatchery at Roem van Yerseke

27‐6‐2012

Proces engineer at the sewage treatment plant of Waterschap Aa en
Maas in Den Bosch
Project leader of Zeeland Aquacultuur for the experiment with onshore
algae and shellfish cultivation
Senior Consultant Waterketen at Royal Haskoning DHV

12‐6‐2012
16‐10‐2012
26‐6‐2012
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Appendix IV: Interviews in Tanzania

Name

Details

Date

Amelia Buriyo

Researcher at the department of Botany, UDSM

2-8-2012

Molly Brown

Researcher for SimGas in Tanzania

6-9-2012

Philip Bwathondi

Associate Professor at the Department of Aquatic
Sciences and Fisheries,UDSM

Mirik Castro

President and cofounder of SimGas

Anthony Dadu

Senior Fisheries officer at the Department of
Aquaculture, Ministry of Livestock and Fisheries
Development

28-8-2012

Nell Hamilton

Researcher and Environmental Educator, Sustainable
East Africa

13-8-2012

Chandler Hatton

Technical Officer, SimGas

6-9-2012

Hans Heijdra

Country Director Tanzania, SNV

2-8-2012

Francis Songela

Senior Renewable Energy Advisor, SNV

2-8-2012

Mr. K. Jeyaprakash

Director Operations, Banana Investments

12-9-2012

Mr. Kalolo

District Fisheries Officer at the Tanga district

Jacob Kihila

Environmental engineer and PhD researcher at NMAIST

10-9-2012

Francis Nkuba

Executive Director of MIM Associates, a subsidiary of
Katani for its consultancy activities

3-9-2012

Gilead Kissaka

General Manager of Mkonge Energy Systems, a
subsidiary of Katani focusing on sustainable energy
production

4-9-2012

Paul Kiwele

Coordinator Biofuel Projects, Ministry of Energy and
Mining

29-8-2012

Mr. D. Komba

Head of the Estates Department SUA

23-8-2012

Glory Kombe

Senior Environmental Management Officer, NEMC

29-8-2012

31-8-2012

6-9-2012

3-9-2012
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Helene Lie

Researcher at the department of Animal Science and
Production, SUA

25-8-2012

Charles Lugomela

Senior Lecturer at the department of Aquatic Sciences
and Fisheries, UDSM

1-8-2012

Said Lwambo

Manager wastewater treatment at Tanzania
Breweries, Talbot & Talbot

3-8-2012

Thomas Lyimo

Senior Lecturer at the department of Micro Biology
and Biotechnology, UDSM

1-8-2012

Nazael Madalla

Senior Lecturer at the Department of Animal Science
and Production, specialized in Aquaculture

23-8-2012

Charles Mahika

Director of the Aquaculture Department of the Ministry
of Livestock and Fisheries Development

28-8-2012

Aviti Mmochi

Research Fellow and lecturer at the Institute of Marine
Sciences, UDSM

16-8-2012

Berno Mnembuka

Head of the Department of Animal Science and
production

22-8-2012

Anthony Mshandete

Senior Lecturer at the department of Micro Biology
and Biotechnology, UDSM

Flower Msuya

Senior Researcher at the Institute of Marine Sciences

13-8-2012

Charles J Muangirwa

Retired, former Director General of the Tropical
Pesticides Research Institute

11-9-2012

Donald Ngowi

Estates manager of Banana Investments

12-9-2012

Karoli Njau

Associate professor at the Department of Water and
Environmental Science and Engineering, NM-AIST

13-9-2012

Philbert Nyangwe

Sewerage Engineer at Moshi Urban Water Supply
and Sewerage Authority

Adolf Olomi

General Manager, Banana Investments

12-9-2012

Siajali Pamba

PhD student at the Institute of Marine Sciences, did
his master thesis on wastewater treatment with
constructed wetlands, UDSM

14-8-2012

Bhowmick Prabir

National Quality Manager, SBC Tanzania Limited
(Pepsi)

30-8-2012

1-8-2012

7-8-2012
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Mugassa
Rubindamayugi

Senior Lecturer at the Department of Molecular
Biology and Biotechnology, UDSM

1-8-2012

Salvatory Rweyemamu

Plant Manager of Tanzania Breweries in Dar es
Salaam.

3-8-2012

David Middleton

Technical Director, Tanzania Breweries

3-8-2012

Rose Sallema

Environmental Management Officer, NEMC

29-8-2012

Valerian Silayo

Head of the department of Agricultural Engineering,
SUA

22-8-2012

Abraham Temu

Manager of the Technology Development and
Transfer Centre and Lecturing at the Department of
Chemical and Process Engineering, UDSM

1-8-2012

Thecla Mchomba

Manager of the Seaweed Centre in Paje, Zanzibar

18-8-2012

Omega Vicent

PhD student who did research for his master thesis
about biofuel production from macro algae

13-8-2012

Ben Weijers

Production Manager, Tanga Fresh

5-9-2012
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