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Good morning ladies and gentlemen. I will present you a project, which actually does not deal with faecal sludge, but with one of the sources: urine. But before I will start my talk and I want to present the two other members of the project management team:
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Teddy Gounden from eThekwini Water and Sanitation, who is the principle investigator in Durban and Bastian Etter (on the left) who is the project coordinator and basically he is all over the place.



Urine-diverting toilets (UDTs) 

Goal: Dehydration of faeces 
 
 
Volume of faeces is reduced, 
most pathogens are killed. 
 
 
Usually, urine is infiltrated into 
the ground. 
 

Figure: © WEDC  
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Where to start: as usual at the toilet. Urine-diverting toilets are one alternative to ventilated pit latrines. There main purpose is to enhance the drying of faeces by diverting urine. During the drying process, the volume of the faeces is reduced and most of the pathogens are killed. So, actually, UDTs are a special type of faeces treatment, while the urine is usually infiltrated to the ground.



75,000 UDTs in peri-urban eThekwini 

Pictures: Christoph Lüthi, Thomas Hug 
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After facing problems with pit emptying from pit latrines, eThekwini Water and Sanitation started to install UDTs. So far, about 75,000 UDTs are installed, mainly in the peri-urban area around Durban. They can be easily identified by the two venting pipes, one for each of the drying chambers. 



Nutrients from human metabolism 
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The urine was discharged to the ground. This can cause environmental pollution, if even more toilets will be installed. Furthermore, nutrients, which could be used for example in agriculture are lost. Urine is the nutrient stream of human excreta, while faeces could be named the energy stream. Around 80% of the main nutrients, as there are nitrogen, phosphorus and potassium are contained in urine.
Separate management of urine can improve excreta treatment and close the nutrient cycle. This new approach to sanitation has been investigated at Eawag for about 15 years by now.



The VUNA project 

Promoting sanitation by 
recovering nutrients from 
source-separated urine. 
 
 
 
• Develop reactor technology 

 
• Manage dispersed 

urine tanks and reactors 
 

• Explore socio-economic 
boundaries 
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So, EWS and Eawag teamed up for a project that investigates the potential benefits of separate urine management in eThekwini. Our overall goal is to help promoting sanitation by recovering nutrients from the urine that has been collected in UDTs. To reach this goal, we have to objectives:
Investigate processes and develop reactors that can recover nutrients from urine
Develop tools that allow us to manage a large amount of scattered urine tanks and decentralized treatment reactors
And last but not least to explore and understand the socio-economic boundaries of urine management in eThekwini



Funding and project partners 

Funding and support  
 

Swiss Federal Institute of  
Aquatic Science and Technology 

eThekwini Water and Sanitation 

University of KwaZulu-Natal 

Swiss Federal Institute of  
Science and Technology Zurich 
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The funding for this project is provided by, you’ll guessed it, the Bill and Melinda Gates Foundation. At this early point of my presentation, I already want to think the Gates Foundation and especially Alyse Schrecongost for the support, which is not only financial but also comprises very valuable advice, networking and so on.

The partners in our project are besides Eawag and eThekwini Water and Sanitation the University of KwaZulu-Natal and the Swiss Federal Institute of Science and Technology (ETH) in Zurich.



Project meeting October 2012 in Durban 

Picture: Kai Udert 
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However, these are only the institutions. Here is a picture form our annual project meeting which happened last week here in Durban. You see many of the activity leaders and there are many more people working in the background, for example for urine collection in the field or for operating the urine treatment reactor. Unfortunately, it would take too much time to mention them all by name in this short presentation However, at this conference, you will have the chance to met some of them at following presentations.



Objectives and Activities 
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But now it is time to shortly present the work that we are doing:
As I mentioned before, the project consists of two objectives, which are closely interlinked. For each objective we have several activities: 5 for reactor technology, 2 for network management and 2 for socio-economic boundaries.



Struvite reactor 

Process for phosphorus recovery 
 
Struvite: MgNH4PO4·6H2O 
 
Dosage of a magnesium source 
More than 91% P recovery 
 

Pictures: Kai Udert 
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In reactor technology we started with a simple struvite reactor that was develop in a field study in Nepal. This reactor has been optimized and automized in the labs of the pollution research group of Prof. Chris Buckley.

Struvite is a magnesium ammonium phosphate mineral. Due to the higher molar requirement of nitrogen, struvite has to be considered to be a phosphorus fertilizers. In our experiments we could recover about 91% of the phosphorus.

Urine contains 25 times more N than P




Fertiliser value of urine in Nepal 
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However, phosphorus is only a small fraction of the nutrients in urine. Our study in Nepal has shown that phosphorus only comprises 20% of the financial fertiliser value in urine. Close to 80% is lost with the effluent of the struvite reactor.



Complete Nutrient Recovery  

Step 1: stabilisation by nitrification 
 
NH4

+ + 2 O2 → NO2
- + 2 H2O 

NO2
- + 0.5 O2 → NO3

-  
 
 
Step 2: distillation 
 
Up to 97% water removal 
 
 
Product:  
ammonia nitrate concentrate 
 Picture: Michael Wächter 
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Therefore, we are currently investigating an alternative process for complete nutrient recovery. In a first step, we use bacteria, nitrifiers, to oxidize ammonia to nitrate. Without any addition of chemicals, just by aerating, we can convert 50% of the ammonia to nitrate. The aim of this process is to stablise urine. Without stabilisation, we would loose all the ammonia by volatilization.

In the second step, we concentrate the stabilised urine to highly concentrated nutrient solution or «fertilizer». In this picture we see on the left 20L of stabilised urine and on the right about 700 mL of the stabilised solution after evaporation.



Reactor operation and optimisation in eThekwini 

Presentation by 
 
Max Grau 
 
Tuesday, 14h25 
Session B5 
Breakaway 1 
 
 

Picture: Kai Udert 
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If you are in more details about the urine treatment work that has been done here at the pollution research group, you should attend the presentation of Max Grau, in the same room at 25 minutes past 2.
On the picture you see Chris Buckley on the left and Max Grau on the right.




Electrolysis: How small can a urine treatment reactor be? 

 
Electrochemical ammonia removal: 
 

up to 130 gN·m-2·d-1 

 
 
Biological denitrification: 

1.2 gN·m-2·d-1 

 
 
Disinfection 

Picture: Hanspeter Zöllig 
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Another process that we investigate in the laboratory is electrochemical treatment of urine. The aim of this process would be the transformation of ammonia. Electrochemical cells can have much higher degradation rates per surface than biological reactors. Hanspeter Zöllig, the PhD student working on the process achieved up to 130 gN/m2/d which is about 100 times higher than in a biological reactor.
However, electrode stability and pH value are challenges that Hanspeter is currently working on.
Electrolysis could also be used for disinfection as we have heard yesterday in the talk by Mandisa Mazibuko.




Hygiene and ecotoxicology: how safe is the product? 

Pharmaceuticals 
especially antibiotics  
and antiretroviral drugs 
 
 
Pathogens 
viruses, bacteria, helminth eggs 
 
 
By-products 
chlorinated organic compounds  
from electrolysis 
 

Pictures: Kai Udert and KMU Umwelttechnik 
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The fifth activity in reactor technology concerns hygiene and ecotoxicology. We investigate the removal of pharmaceuticals and pathogens during urine storage and treatment and we also investigate the possible production of harmful by-products, such as chlorinated organic compounds, during electrolysis.




Network management 

How to manage a large amount 
of on-site urine tanks and  
decentralised treatment reactors? 
 
Stochastic modeling can give an answer. 

Pictures: Thomas Hug and Kai Udert 
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So far about the reactor technology. Let’s move on to the next two objectives. The basic question of network management is how we can manage a high number of scattered urine tanks and decentralised reactors. This question has a lot to do with monitoring of water levels and reactor performance but also with transport.



Model-based performance evaluation 
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To optimise urine collection, we developed a stochastic computer model. In this model, we do not have to integrate 75,000 UDTs, but we can use distributions, such as the number of people living in a household or the amount of urine that one person excretes. 



Model-based performance evaluation 

Presentation by 
 
Thomas Hug 
 
Tuesday, 14h50 
Session B5 
Breakaway 1 
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If you want to hear more about this model approach, I recommend to attend the presentation by Thomas Hug at two fifty, in this room.



Socio-economic boundaries 

At the center of these activities: the toilet users 
 
 
1. Assessing the acceptance of UDTs 

 
2. Increasing the acceptance of urine diversion 

by health and hygiene education 
 

3. Involving toilet users in urine transport 
 

 
 
 

Picture: Linda Strande 
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At the center of the third major research area, the socio-economic boundaries, are the toilet users themselves. Without acceptance of the toilet users, urine diversion and collection will not work. Basically, we follow three questions:
We are assessing the current acceptance of UDTs with questionnaires and using data that have already been collected
We aim to increase the acceptance of this improved sanitation concept by health and hygiene education
And, thirdly, we explore methods, how we can involve toilet users in the first step of the urine transport chain.



Are incentives a cheaper alternative to sending out 
staff for urine collection at the toilets? 

Can we raise the awareness for sanitation and hygiene? 
 

 

 

Pictures: Thomas Hug, Elizabeth Tilley 

Incentives to engage toilet users in urine transport 
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Our approach is the use of incentives. This could be small amounts of money, but also vouchers for food or other goods. We want to find out, whether investing money in incentives could actually be cheaper than sending out EWS staff to collect urine at the toilets. But we also want to know, whether we could raise the awareness for sanitation and hygiene by engaging the toilet users in the transport.



Presentation by 
 
Elizabeth Tilley 
 
Tuesday, 12h05 
Session B4 
Breakaway 1 
 
 

Picture: Elizabeth Tilley 

Incentives to engage toilet users in urine transport 
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If you want to learn more about our project on incentives, please stay in this room until noon, when Liz Tilley will present her work.
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To wrap up my presentation, I am showing you this slide with the different objectives and activities again. It is a large collaborative project and thanks to a very motivated team, we are able to present you our first results at this conference. The project will last for another two years. I am curious, what the final result will be! 



www.vuna.ch 

Thank you for  
your attention ! 
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Thank you very much for your attention. If you want more information, please visit our website at vuna.ch.
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