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Wastewater treatment and water recycling for biomass 
production in Niamey, Niger

Leapfrogging traditional systems of wastewater treatment and water recycling to include 
applications for biomass production has great potential for peri-urban areas. Research 
indicates introduction of plant species such as duckweed to stabilisation ponds provides 
improved water quality. In addition the harvesting of the biomass (duckweed) can provide 
additional income generation with applications including animal feed for both terrestrial 
and aquatic systems. The technology is simple to apply and has multiple benefits once 
fully operational including the elimination of polluted effluent from the system and full 
recovery of operation and maintenance costs.

The use of wastewater for irrigation on agricultural land is becoming popular in many countries. 
Less common however is the practice of increasing the value of the actual treatment system 
by utilising it for food production. The use of wastewater treatment systems in this manner 
can maximise the efficiency of the wastewater treatment and result in increased food security 
and job opportunities. A pilot project in Niger has proven that the introduction of duckweed 
(Lemna spp.) to clean water in stabilisation ponds can provide water of a quality comparable 
to, or exceeding that of energy intensive conventional treatment plants, in particular in regard 
to greater pathogen removal. Furthermore the harvesting of duckweed (for use as a feed for 
on-site aquaculture or to be sold as animal feed) provides additional income generation for 
the system. Further use of treated water for irrigating additional plants such as Moringa and 
Leptadenia adds to the financial stability of the agro sanitary system. The use of duckweed in 
wastewater treatment and fodder production has been carried out in Jordan and Palestine, and 
could have great potential in peri-urban areas in Africa.

The importance of the issue

The Hyderabad Declaration for wastewater reuse in agriculture (2002) stated that 
‘wastewater (raw, diluted or treated) is a resource of increasing global importance, 
particularly in urban and peri-urban agriculture’. Overwhelmingly, however, treated 
wastewater is released into local drainage systems rather than being reused, often with 
adverse health and environmental implications.
Wastewater treatment via stabilisation ponds is, compared to other techniques, relatively 
simple and inexpensive and as such is widespread in Africa. However, the economical yield 
of such systems can be significantly improved through the utilisation of the stabilisation 
ponds for biomass production. Such agro-sanitary systems reduce the cost of wastewater 
treatment and have the capability to act as an income generator. 

Population: 774,235 

Land area: 239.30 sq.km

Part financed by the European Commission and running from December 2009 to November 2012, ACCESSanitation is working directly 
with cities in India and the Philippines to tackle inadequate urban sanitation. In addition, the project is also promoting sustainable 
sanitation on a larger scale through the transfer of good practice elsewhere in the target countries as well as from and to cities in Sub-
Saharan Africa. ACCESSanitation is coordinated by the ICLEI European Secretariat located in Freiburg, Germany. 
For more information visit: www.accessanitation.org
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Local context

Located in West Africa, Niger is a landlocked country with an estimated population of 14.7 
million. While the country benefits from a sub-tropical climate, encroachment from the 
Sahara Desert in recent years has restricted productivity of agriculture and livestock to 
the Southern region, which is now a major contributor to the national economy. 
Conventional systems of wastewater treatment are often insufficient, highly centralised 
and expensive to construct, operate and maintain. The Abou Moumuni University in 
Niamey in partnership with Laboratoire Eau Environnement et Systémes Urbains (LEESU 
– a French academic teaching and research centre for water, the city and the environment 
within the University Paris-Est) piloted the application of an agro sanitary system (a 
system that couples wastewater treatment and agricultural production, through water 
recycling and the transformation of nutrients into useful biomass) to improve the effluent 
discharged from their wastewater stabilisation ponds, increase the economic viability of 
the system and provide increased  opportunities for income and job creation.
The application of such a system proved highly relevant within the context and climate 
of Niger. Further roll-out of such systems could be enhanced with improved integration 
between researchers and local municipalities, ensuring that innovative solutions are 
implemented at the local level. Furthermore the use of by-products from such systems, 
for example the reuse of treated wastewater for the irrigation of crops, is becoming 
increasingly socially acceptable within communities due to the tangible benefits observed 
at the local level. 
 

Innovative wastewater treatment: Agro-sanitary systems 
and their applicability to urban environments in Africa

The agro sanitary pilot project was implemented by the Faculty of Science at the Abou 
Moumuni University in Niamey, and the French research centre LEESU. The pilot aimed 
to test the feasibility, on a small scale and under African conditions, of the treatment of 
wastewater in a pond system using duckweed. The objectives were to assess both the 
treatment efficiency of a system producing biomass and to evaluate the direct reuse in 
fish farming. 
Pond system: The pilot station at the University, in operation since 1998, was constructed 
to study the different methodologies of wastewater treatment in stabilization ponds 
and for reuse and the production of by-products in urban agriculture systems. Within 
the study, the system was loaded with 3.5 m3/day of wastewater from the University 
campus. Water moved first through three stabilisation ponds containing phytoplankton 
(microphytes or algae) and then through three ponds covered with duckweed. Monitoring 
of water quality parameters was conducted, using the standards adopted by the French 
National Standards Institute, the Standard Association Francaise pour la Normalisation 
(AFNOR). The effluent parameters measured were nitrogen, phosphorus, pathogens and 
biochemical oxygen demand (BOD5) and chemical oxygen demand (COD). The system 
was loaded with high quantities of wastewater to evaluate the possibilities of treatment 
in a compact pond system where the available surface area for treatment was 3.4 m² per 
inhabitant equivalent, only one third of that used in pond systems in France. 
Plants: The aquatic plant duckweed was introduced to the maturation ponds in the 
system from water bodies in close proximity to the university where it grows naturally. 
The plants float on the surface of the water and their roots hang down taking up nutrients 
and filtering the water that flows by. Every two days as much as 50% of the duckweed 
surface of the pond could be harvested, which was used to estimate biomass growth and 
to feed the fish housed in the adjacent pond.
Fish: The fish used were Nile Tilapia (Cichlidae: Oreochromis niloticus) taken from the 
adjacent Niger River thereby preventing the introduction of alien species to the ecosystem. 
The small fish (about 10cm long and 12g in weight) were released into the separate fish 
pond at a density of approximately 5 fish/m3.
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A separate pond was used in order to prevent contact with particulate matter from 
wastewater and the growing duckweed. The pond, with an area of about 30 m² and a 
depth of 50 cm, was divided in two equal sections by a plastic grid. In one section, the 
fish were not supplied with additional food, while in the second section, the fish were 
fed freshly harvested duckweed. In both compartments the fish could feed on naturally 
occurring invertebrates and plankton. 
Irrigated cultures: A further level was added to the trial which investigated the use of 
the remaining wastewater for irrigation of local plants such Moringa (an exceptionally 
nutritious vegetable tree with a variety of uses) and Leptadenia (which has medicinal 
value, is used as a vegetable, to make rope and is excellent animal fodder, particularly for 
camels).

Wastewater ponds at the Abou Moumuni University (Copyright: Martin Seidl)

Diagrammatic overview of the wastewater treatment system in regard to Agro-sanitary system 
(Copyright: Martin Seidl)
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Results

Water Quality: Wastewater treatment was efficient despite a short retention time within 
the system of only 15 days. The addition of duckweed to the system had a significant effect 
in respect to the removal of nitrogen and phosphorus from the system. Approximately 
30% of dissolved nitrogen entering the system was immobilized and extracted in the 
duckweed ponds.
Pathogen removal was satisfactory with streptococci levels recorded at World Health 
Organisation (WHO) standards for unrestricted water reuse. The majority of pathogens 
were removed through sun radiation in the microphytes (algae) ponds. The remaining 
decrease is likely the result of the nitrification and denitrification processes.When 
temperatures reached 35°C, a corresponding increase in ammonia occurred, reducing 
duckweed growth rates. As such the optimum temperature for duckweed growth was 
30°C with maximum ammonium levels of 20 mg/l. 
Aquaculture: The application of duckweed to the system is the simplest example of 
aquaculture as the plants do not need to be stored, transformed or transported, as a 
result the economic benefits of the harvested duckweed are maximised – as the fish have 
a greater economic value than the plant material. The duckweed production of 700 kg/
ha/day of fresh weight resulted in the production of approximately 475 kg/ha of Tilapia/ 
month. Growth of Tilapia in the pond fed with fresh duckweed was about 20% higher 
than that of Tilapia grown without supplementary feeding. 
The combination of fish farming and use of the wastewater for irrigation of agriculture 
further improves the economic stability of the system, with  the gross revenue of other 
plant species such as the Moringa valued at twice that of Tilapia. Moreover, the culture of 
Moringa or Leptadenia can also be used as post or tertiary treatment to further enhance 
the effluent treatment. The pilot project has proved to be feasible in the context of Niger 
and has potential for roll-out in peri-urban areas. 

Graph indicating increased income generated as greater quantities of effluent is treated  
(Copyright: Martin Seidl, redesigned by L. Kemp)
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Lessons learned

The Niger project found that within the context of the pilot the duckweed aquaculture 
was a feasible option to increase the economic viability of wastewater treatment systems 
in Africa. 
The United Nations Development Programme (UNDP) however, has highlighted a 
number of general constraints to wastewater-fed aquaculture which must be considered 
prior to introducing the practice as a (large scale) treatment option. They include: 
•	 Lack of knowledge of aquaculture as a technical option in wastewater reuse, which 

can result in health concerns and environmental pollution due to lack of technical 
skills and poor management

•	 Limited space available in peri-urban areas where wastewater is available for reuse
•	 Rapid eutrophication within the pond system due to increased urbanisation.
•	 Contamination of nutrient-rich domestic wastewater by industrial wastewater
•	 Difficulty in achieving social and cultural acceptance of fish or other produce derived 

from wastewater systems
•	 The need for a policy framework and processes at both national and local levels to 

ensure the  safe application of wastewater reuse
There are a number of situations where wastewater-fed aquaculture has significant 
potential for incorporation into existing and proposed improved sanitation schemes, 
including:
1. Developing countries cannot usually afford conventional mechanical wastewater 
treatment schemes and while aquaculture in stabilisation ponds requires more land, 
it produces significant benefits. These include improved pathogen removal, increased 
employment for local communities and revenue generation from the sale of produce 
which, in turn, can be used to cover the operation and maintenance costs of wastewater 
treatment.
2. Arid and semi-arid countries have an increasing need to reuse water as well as the 
nutrients contained in wastewater. Pilot projects investigating the culture of fish in treated 
stabilisation pond effluents have been successfully completed in arid areas in Egypt, the 
Middle East and in Latin America.

Replication

While there has been no replication of this project in Niger to date, there are global 
examples of duckweed aquaculture indicating promising results:
Jordan: Duckweed was used to improve the quality of wastewater at the Khirbet As-Samra 
treatment plant; which as a result currently operates at three times its capacity. 
Palestine: Piloted application of duckweed to treat wastewater in small decentralized 
communities on the West Bank to test feasibility for a hot, semi-arid region. The average 
weight of chickens fed on duckweed were 17% higher than other chickens, their meat was 
whiter and egg yolk richer, thus increasing their marketability. 
Ghana: In Akuse, Ghana, Nile Tilapia are grown in ponds. The high cost of artificial 
fertilisers to enrich fish ponds is resulting in fish farmers feeding fish with products from 
agricultural waste and by-products from sewage treatment.
India: Rural village ponds, traditionally used for harvesting rain water and bathing 
domestic livestock, are becoming increasingly polluted with human waste. Duckweed is 
showing immense potential for both nutrient recovery and utilization as feed for livestock 
(including fish) augmenting rural economies through employment and increased food 
security. 
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Budget and finances
The high nutritional value of duckweed ensures its strong market value. It is comparable 
to another local plant, bourgou, locally harvested and sold for animal feed. However, 
the market rates for duckweed are lower than that of other plants giving it the market 
advantage. Low duckweed prices and the high conversion of plant biomass to protein 
make fish aquaculture an optimal solution. With wastewater from only 1 000 inhabitants 
(with a duckweed surface of 1.7 m²/inhabitant) generating sufficient monthly income from 
fish production to cover the monthly operation and maintenance costs of the system. 

Key contacts
Martin Seidl, Lead Researcher oriented on developing countries at Labaratoire Eau 
Environnement et Systèmes Urbains (LEESU)
martin.seidl@leesu.enpc.fr or martin.seidl@univ-paris-est.fr
Professor Sani Laouali, Abou Moumuni University
sanicrobi@yahoo.fr.  
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