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For ten years now, a small NGO has promoted the importance of sustainable sanitation all 

over the world. The Global Dry Toilet of Finland was founded to discuss matters that are rarely 

discussed, to raise awareness and to spread the word on ecological sanitation. This was done 

in Finland, where dry toilets are common yet considered only as temporary solution. Over the 

years, the spark that got the association to its feet has spread and more people are learning of 

the sustainable sanitation practices – as well as implementing them!

One of the most efficient ways to promote sanitation is of course the International Dry Toilet 

Conference, organised this year already for the 4th time. The first conference in 2003 was already 

a success and a great show of strength from the newly founded NGO. Today, the conference has 

become an expected tri-annual event that gathers up experts from all corners of the world. It is, 

in fact, a unique opportunity for experts and laymen to meet and exchange ideas, while working 

towards to common goal of bringing sanitation to everyone’s reach in a sustainable manner. 

The conference, while initiated by the association, could not have reached its current state without 

the support and cooperation with the local partners: University of Tampere, Tampere University 

of Technology and TAMK University of Applied Sciences. As always, they have contributed much 

to the successful arrangements of the conference. On behalf of the Global Dry Toilet Association 

of Finland, as well as the Organising Committee of the conference, I would like to extent our 

sincere thanks to our partners.  

Last but not least, the conference is never complete without our committed delegates, and, 

thus, I would like to welcome you all to Tampere, Finland, and to the 4th International Dry Toilet 

Conference 2012! 

Mia O’Neill

Chairperson of the Global Dry Toilet Association of Finland
Chairperson of the Organising Committee of DT2012

THE GLOBAL DRY TOILET ASSOCIATION OF FINLAND 

bids you welcome!
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MESSAGE FROM THE CONFERENCE PATRON 

Dear friends,
The recent developments in the field of sanitation make the International Dry Toilet Conference 

possibly even more timely than before. The 2015 deadline for Millennium Development Goals is 

approaching, including for the one on sanitation. While some other MDGs are on track or have even 

been achieved, unfortunately the one to half the proportion of people without sustainable access 

to basic sanitation is among those badly off track and some 2.5 billion people still lack proper 

sanitation. We need to accelerate our work for sustainable and affordable solutions. Promotion of 

dry toilets has a lot to offer to serve both the increasing urban population, especially in slums, as 

well as the rural areas where the majority of the unserved people live. 

It is very gratifying to note that sanitation is becoming a more prominent issue on the political level. 

In the Rio+20 UN Conference for Sustainable Development states reaffirmed their human right 

commitments to water and sanitation, and committed to the progressive realization of access to 

water and sanitation for all. The human rights based approach should be also the basis for our work 

on Sustainable Development Goals and the post-2015 development agenda. Safe, sustainable, 

acceptable, accessible and affordable sanitation services, provided without discrimination, play a 

crucial role for human health, environmental sustainability, gender equality and life in dignity. 

The growing concern over the water resources creates political momentum for increased attention 

to sanitation as a factor influencing the status of waters. There is also a growing understanding 

about the need to take into account the nexus between different sectors. Dry toilets link sanitation 

to other critical issues like health, food security and energy production. The waste can be used as 

a fertilizer or source of energy, and thus the benefits of investment on sanitation are multiplied. 

Our concerns are global, but the solutions are typically local. The 

International Dry Toilet Conference, as well as the Global Dry Toilet 

Association of Finland in their work, brings together academia, NGOs, 

practitioners from various fields as well as private sector actors. As such 

it is an example of the kind of partnerships Finland wants to promote 

also in its development policy. 

I wish you fruitful debates, the exchange of practical solutions, as well as 

a pleasant stay in Finland and in Tampere!

Heidi Hautala

Minister for International Development 
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GREETINGS FROM 

The Conference Secretary!
This summer I actualised my long-term dream. I bought a dry toilet for my farther-in-law’s summer 

cottage. There has been a water closet for 17 years. I have started to think that the water closet 

is irrational in a place where there is an own well, and sometimes during the dry summers the 

well runs dry. There is no sense to flush a toilet with several litres of potable water during a water 

shortage.

There was a bad storm in Finland on the 26th of December, 2011, whereupon many houses 

had long-term power cuts. It caused situations where some houses were without electricity for 

several days, and they had to carry water to flush their toilets! When you have an outhouse or 

a dry toilet inside the house, it normally works without electricity. But the best thing is that you 

will get the fertilizers from the stuff and plants in your garden will thrive. Also, you don’t have to 

worry where the wastewater, “the black water” infiltrates and whether it contaminetes ground 

water in the wells. Finland is a country of tens of thousands of lakes and a countless amount of 

small groundwater basins. But in the coastal areas of Finland there is a permanent shortage of 

high-class groudwater in many regions.

In my opionion, I am doing an important job, because I contribute the dissemination of information 

on ecological dry toilets by arranging this Conference with the help of many organizations and 

people. This Conference would have been impossible without the funding from the ministries 

and the association called “Maa- ja vesitekniikan tuki ry”. The task has been huge for our small 

association, and there have been kickbacks, but also many wonderful successes on the way. It’s 

great that with the funding from the Ministry for Foreing Affairs of Finland we have managed to 

sponsor more than 30 conference participants from developing countries to come to share their 

expertice in the field of ecological sanitation.

I thank all the members of the Organising Committee, Scientific 

Committee, Committee of the “Suomi-päivä”, financiers, Tavi 

Congress Bureau and all other active persons who have made 

this event to be true for the forth time. Hopefully, there will be 

next Conference on 2015.

I wish you a fruitful Conference and a pleasant stay in Tampere!

Erja Takala

Conference Secretary
Global Dry Toilet Association of Finland
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SCIENTIFIC COMMITTEE 

•	 Pekka E. Pietilä (Mr), DScTech (CivEng), Senior Researcher,  

Tampere University of Technology (Chair), Finland

•	 Andreas G. Koestler (Mr), Dr., Norway

•	 Benjamin Berne (Mr), France

•	 Blanca Jiménez Cisneros (Ms), Director, Researcher, Mexico

•	 Chris Canaday (Mr), Conservation biologist, Ecuador

•	 Eeva-Liisa Viskari (Ms), Dr., Head of the Degree Programme of  

Environmental engineering, Finland

•	 Elisabeth von Münch (Ms), Dr., Germany

•	 Harri Mattila (Mr), DTech, Principal Lecturer, Finland

•	 Harri Mäki (Mr), PhD, researcher, Finland

•	 Helvi Heinonen-Tanski (Ms), Ph.D., Finland

•	 Joachim Behrendt (Mr), Dr.-Ing., Germany

•	 Kamal Kar (Mr), Dr., India

•	 Mari Maasilta (Ms), Dr., Researcher, Finland

•	 Naoyuki Funamizu (Mr), Prof., Japan

•	 Petri Juuti (Mr), Dr. Adjunct Professor, Senior Researcher, Finland

•	 Robert Gensch (Mr), Director, Philippines

•	 Sanna-Leena Rautanen (Ms), MSc CivEng, Finland

•	 Sari Huuhtanen (Ms), Project manager, Global Dry Toilet Association of Finland

•	 Srikantaiah Vishwanath (Mr), India

•	 Tapio Katko (Mr), DTech (Civ.Eng), Adjunct Professor, Finland

•	 Tom Frisk (Mr), Research Professor, Finland

•	 Tuula Tuhkanen (Ms), Dr. Prof., Finland

•	 Zifu Li (Mr), Prof. Dr., China

ORGANIZING COMMITTEE
•	 Mia O’Neill (Ms), (Chair)

•	 Anja Hakkarainen (Ms), Tavicon Ltd.

•	 Annikka Lampo (Ms), Tavicon Ltd.

•	 Antero Luonsi (Mr) Dr.

•	 Erja Takala (Ms)

•	 Maarit Särkilahti (Ms) 

•	 Petri Juuti (Mr), Dr.

•	 Riikka Rajala (Ms) Dr.

•	 Saila Kallioinen (Ms)
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DSc (CivEng) Pekka Pietilä has over 30 years’ experience in water 
and environmental engineering both in private and public sector. 
His experience includes consulting engineering tasks in Finland and 
overseas, development cooperation tasks in Africa, public sector 
administration and management assignments in Finland and the Baltic 
Region, and research and teaching duties at universities in Finland and 
overseas. During the last decade he has been active in the field of 
sustainable sanitation and e.g. acted as the Chairman of the Organising 
Committee of DT2009.

Mr. Benjamin Berne. 33 years old.  
April 2007 - Date : Head of education department – NGO Toilettes Du 
Monde (Toilets of the world) – Nyons, France 
June 2006 - Dec 2007 : Environmental consultant - Design office 
LightWater – Mens, France 
Aug 2003 - Dec 2005 : August 2003 - Dec 2005 : Assistant for the 
local planning program – City of Echirolles, France (30 000 inhab.) 
June 2003 - April 2004: Environmental consultant for the county 
council of Isere.

Christopher Canaday is a biologist from California, who has worked 
in conservation projects in Ecuador for the last 21 years. He has a 
bachelor’s degree in Biology and Wildlife Management from Humboldt 
State University in California and a master’s degree in Latin American 
Studies (Tropical Conservation and Development) from the University 
of Florida. He has studied the impacts of human activities on 
Amazonian birds and has worked on various projects of protected area 
planning and ecotourism. In 2000, he built his first UDDT and, seeing 
its effectiveness and its reduction of people's impacts, has promoted 
it ever since. (inodoroseco.blogspot.com)

Dr. Eeva-Liisa Viskari is a Principal Lecturer (Ph.D.) and Head of 
the Degree Programme in Environmental Engineering at Tampere 
University of Applied Sciences, School of Industrial Engineering. She 
has studied environmental hygiene at University of Kuopio, where she 
finished her M.Sc. in 1991 and Ph.D. in 1999. Since 1999 she has been 
working as a senior lecturer in Tampere, TAMK University of Applied 
Sciences. During recent years, dry sanitation, nutrient cycling and safe 
use of human excreta have become one of her research and teaching 
interests.  

MEMBERS OF THE SCIENTIFIC COMMITTEE

inodoroseco.blogspot.com


DRY TOILET 2012

10

Dr. Elisabeth von Münch has a background in process engineering 
and a PhD from the University of Queensland in Australia. She has 
18 years of experience in the wastewater and sanitation sector, 
first on centralised treatment plants and since 2005 on low-cost 
sustainable sanitation systems. Since June 2008, Elisabeth has been 
the program leader of the program “Sustainable sanitation – ecosan” 
at GIZ (Deutsche Gesellschaft für internationale Zusammenarbeit (GIZ) 
GmbH) in Germany, which is funded by the German Federal Ministry for 
Economic Cooperation and Development (BMZ). In her current position 
she works primarily on knowledge management and dissemination of 
sustainable sanitation concepts with a focus on urban slums. She also 
leads the secretariat of the Sustainable Sanitation Alliance (SuSanA). 

Dr. Harri Mattila is working in HAMK University of Applied Sciences 
in Hämeenlinna, Finland as Principal Lecturer in environmental 
engineering. The title of his doctoral dissertation (2005) was 
Appropriate Management of On-Site Sanitation.  Dr. Mattila has a long 
working history including both public and private employers. The Lake 
Pyhajarvi Restoration Project where he worked as Project Manager in 
1995-2000 gave him good experience in on-site sanitation solutions. 
He has also been involved in developing cooperation projects in water 
supply and sanitation almost ten years out of which totally six years in 
Eastern Africa.

Dr. Harri Mäki has a Doctor’s degree in history from the University of 
Tampere. His doctoral thesis was about the history of water supply 
in South African towns in 1850–1920. His major interest areas are 
environmental and urban history, especially concerning water supply, 
sanitation, and municipal engineering. Currently he is researching early 
municipal engineers in South Africa. He is an extraordinary member of 
the staff of the CuDyWat (Cultural Dynamics of Water) -research group 
lead by Professor Johann Tempelhoff from North-West University. He is 
author or co-author of nineteen peer reviewed articles and presented 
paper or poster in nine international conferences. harri66maki@gmail.
com

Dr. Helvi Heinonen-Tanski is grandmother who has worked almost 
40 years as microbiologist. She has special interest for water and 
wastewater hygiene seeing sanitation as an essential part to improve 
human wellbeing also in developing countries. She has supervised 
more than 120 M.Sc. works and 16 doctoral thesis works and published 
some 100 scientific articles. She is very proud about The Golden 
Pitchfork given by Global Dry Toilet Association of Finland.
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Dr. Joachim Behrendt Doctorate: “Biological-chemical treatment 
of process waters from soil decontamination and of contaminated 
groundwater”. Rickers-Koch-Award for special scientific achievement 
of students. Master’s thesis: “Aerobe degradation of residual COD 
and nitrification of anaerobic pre-treated wastewater” Study of 
Environmental Technology at Technical University Berlin. Project 
during the study (together with Nikolaus Geilich) with the subject: 
“Influence of temperature on the kinetic coefficients of the aerobic 
wastewater treatment”. 

Dr. Kamal Kar, a specialist in livestock production, agriculture and 
natural resources pioneered the Community-Led Total Sanitation 
(CLTS) approach in Bangladesh in1999-2000. Through training and 
advocacy, Kar introduced and spread CLTS in more than 45 countries 
in Asia, Africa and Latin America working with many international 
organisations like, UNICEF, WSSCC, Irish Aid, and Plan International etc. 
Today CLTS is being implemented in more than 51 countries across the 
world and seventeen countries have adopted CLTS in their respective 
national sanitation policies. Dr. Kar is the Chairman of CLTS Foundation 
based in Kolkata, India.

Dr. Mari Maasilta is a postdoctoral researcher at the University of 
Helsinki, Finland. Her fields are media and social studies. She has 
published books and articles about media and migration and media 
in Africa.  She is a member of the steering committee of the Msunduza 
dry sanitation project of the Global Dry Toilet Association of Finland 
and has a wide experience of development projects in Africa.

Dr. Naoyuki Funamizu is a professor in Department of Environmental 
Engineering, Hokkaido University. His main research topics are 
wastewater reclamation and reuse, and sustainable sanitation system. 
Currently he is studying new sanitation system extensively based on 
the concept, “don’t mix” and “don’t collect” wastewater. He is also 
working on international collaboration program on sustainability 
education. He also has an experience to work in the international water 
association (IWA). He has been nominated as FELLOW of IWA and he 
is management committee member of Specialist group on wastewater 
reclamation and reuse, and Small Water and Wastewater System.
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Dr. Petri Juuti is head of the IEHG is a historian and Adjunct Professor/
Docent in Finnish History (in University of Turku, Finland), Adjunct 
Professor in Environmental History (in University of Tampere, Finland), 
and in History of Technology (in University of Oulu, Finland). He is 
currently working as Senior researcher at the School of Social Sciences 
and Humanities University of Tampere. He has been granted four 
international and two national awards.

Robert Gensch studied landscape planning and architecture at the 
Berlin Institute of Technology. Since 2007 he has been involved 
in promoting reuse-oriented and sustainable sanitation concepts 
worldwide. He started his sanitation related work at the GIZ sustainable 
sanitation/ecosan program in Eschborn, Germany, followed by an 
assignment in Cagayan de Oro, Philippines, as a CIM expert. He was 
the founder and director of the Sustainable Sanitation Center (SUSAN 
Center) of Xavier University – Ateneo de Cagayan, Philippines. Right 
now he is working as a project manager with the German Toilet 
Organization (GTO) in Berlin, Germany. Here he is mainly involved in 
developing and conducting sustainable sanitation training courses, 
the support and back-stopping of sustainable sanitation projects 
abroad as well as the coordination of the German WASH Network. As 
a proponent of the Sustainable Sanitation Alliance (SuSanA) he is also 
leading the SuSanA working group on “Productive Sanitation and Food 
Security”. Contact: robert.gensch@germantoilet.org 

Ms. Sanna-Leena Rautanen has an MSc in Civil Engineering from 
Tampere University of Technology, Finland, where she is a post-
graduate student. In Nepal she is working as the Team Leader (Chief 
Technical Advisor) for the Rural Village Water Resources Management 
Project in Mid and Far Western Nepal. Her special areas of interest 
in the water and sanitation sector are poverty, gender and ethnic 
equity, good governance and democratic local development. Contact: 
sannaleenar@gmail.com 

KEYNOTE SPEAKER Ms. Sari Huuhtanen has BSc. in Environmental 
Engineering (HAMK University of Applied Science, Finland, 2000) 
and MSc. in Sustainable Business Risk Management (University of 
Glamorgan, UK, 2010). Previously she has worked e.g. for HAMK 
University of Applied science and TAMK University of Applied Science 
as a project coordinator. Since 2006, Huuhtanen has worked as a Project 
Manager in the Global Dry Toilet Association of Finland (NGO), having 
responsibilities to manage the association’s projects for developing 
countries (Zambia and Swaziland, 2006-2013).
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Tapio S. Katko, Adjunct Professor, DTech (CivEng), Tampere University 
of Technology, Head of Capacity Development of Water and 
Environmental Services (CADWES) team. E-mail: tapio.katko@tut.fi, 
Homepage: www.cadwes.org Expertise: Management, institutional, 
policy and governance issues of water services.

Tom Frisk is working as Research Professor at the Centre for Economic 
Development, Transport and the Environment for Pirkanmaa (CETEP), 
in Tampere Finland, and as Adjunct Professor at Tampere University 
of Technology. He has a long career within environmental research 
and administration. His scientific background is Limnology and 
Environmental Science and he has particularly studied mathematical 
modelling of lakes, rivers and their catchments. At present he is 
responsible for coordinating the activities connected to mitigation 
of and adaptation to climate change as well as comprehensive 
environmental planning at CETEP.

KEYNOTE SPEAKER Tuula Tuhkanen is Professor of Environmental 
Technology in Tampere University of Technology. Physical and chemical 
unit operations for the treatment of drinking water, waste water and 
contaminated environment. She has co-ordained several national and 
international research projects in the area of treatment of micro and 
macropollutants by combining chemical and biologicaltechniques as 
well as alterantive and innovative water and santiation techniques. 
Her special interest is to organize internet-based education in the 
area of Environmental Effects of Pollution, Water Risk Management, 
Safe Sanitation and Environmental Risk Assessment for Finnish and 
international researchers and other stakeholders of water sciences.

Vishwanath Srikantaiah is a Civil Engineer and Urban Planner by 
qualification. He has worked in the water and sanitation sector for 
the last 25 years and has started www.rainwaterclub.org a website for 
information on rainwater and ecological sanitation systems.

www.cadwes.org
www.rainwaterclub.org
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Chair: Mia O´Neill
Ms. Mia O’Neill is a doctoral candidate at Tampere University of 
Technology, and has a background in environmental policy and 
environmental engineering. She is especially interested in ecological 
sanitation, and since 2010, she has been the chairperson of the 
Global Dry Toilet Association of Finland.

Mr. Antero Luonsi, Doctor of Science (Tech.), acts as Senior Advisor at 
the Pirkanmaa Economic Development, Traffic and the Environment 
Centre. Duties include e.g. rural wastewater act implementation, 
centralized urban wastewater treatment development and rain 
water management tasks. Earlier research orientation was related 
particularly to forest industry mass balances and wastewater treatment,  
sequencing batch reactor and membrane bioreactor development. 
He has worked for over twenty years in IWA (International Water 
Association) specialist group for the forest industry, 2000 - 2006 as 
the chair of the group. e-mail: antero.luonsi@ely-keskus.fi

Ms. Erja Takala is a Conference Secretary in Global Dry Toilet 
Association of Finland. She has a Bachelor’s degree in Sustainable 
Development from Turku University of Applied Sciences (2001). She 
has also a vocational degree in Library Sciences (1994). Erja Takala is 
married and has three children. e-mail: secretary2012@drytoilet.org

Ms. Maarit Särkilahti has completed Master’s degrees in environmen-
tal policy as well as in environmental engineering. She is currently 
working as a teaching associate in Tampere University of Technology, 
Department of Chemistry and Bioengineering. She has been active in 
developing e-learning in environmental engineering. e-mail: maarit.
sarkilahti@tut.fi

DSc Riikka Rajala  is currently working as a Post-Doctoral researcher  in 
UTA. Her areas of expertise and research interest are the environmental 
history and history of technology, urban history,  sustainable water 
and sanitation services and water services management. Rajala is the 
author or co-author of over 12 scientific monographs and more than 
ten refereed articles. e-mail: riikka.rajala@uta.fi

MEMBERS OF THE ORGANIZING COMMITTEE
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Ms. Maarit Särkilahti has completed Master’s degrees in environmen-
tal policy as well as in environmental engineering. She is currently 
working as a teaching associate in Tampere University of Technology, 
Department of Chemistry and Bioengineering. She has been active in 
developing e-learning in environmental engineering. e-mail: maarit.
sarkilahti@tut.fi

DSc Riikka Rajala  is currently working as a Post-Doctoral researcher  in 
UTA. Her areas of expertise and research interest are the environmental 
history and history of technology, urban history,  sustainable water 
and sanitation services and water services management. Rajala is the 
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Ms. Pia Engström (member of the Committee from 23rd of February, 2012) Working as 
an environmental specialist and educator at Helsinki Metropolitan Area Reuse Centre Ltd 
(Pääkaupunkiseudun Kierrätyskeskus Oy). Education: Master of Political Sciences. Representing 
Global Dry Toilet Association of Finland at ISO TC224/WG8. e-mail: E-mail: suomipaiva@huussi.
net.

Saila Kallioinen (Ms) Lic Tech Saila Kallioinen is a Development Manager at Department of 
Chemistry and Bioengineering in Tampere University of Technology. Her research interests are 
in the field of sustainable development in water and sanitation services. She has extensive 
experience of municipal level decision-making.

Tavicon Ltd
TAVI Congress Bureau (Tavicon Ltd) is a Professional Congress Organizer (PCO) with 25 years 
of experience. We specialize in organizing meetings, congresses and other similar events. 
Our expert staff is dedicated to providing high standard   conference services to meet the 
expectations of diverse domestic and international interest groups. www.tavicon.fi

www.tavicon.fi
www.tavicon.fi
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TIMETABLE OF DRY TOILET 2012 CONFERENCE

15.00-18.00 Tampere city sightseeing tour 
Departure at Holiday Inn hotel, street address: Yliopistonkatu 44

18.00-20.00 Registration and information at Holiday Inn Hotel
Street address: Yliopistonkatu 44

19.00-21.00
Get-together party at Holiday Inn Hotel
A cartoonist, Mr. Seppo Leinonen will be drawing funny pictures for 
participants.

Wednesday 22 August

Thursday 23 August

Computer room D 208	(wing	D,	groud	floor)	is	available	for	participants	during	the	conference	
with 14 computers, a printer and internet connection. Usernames for computers will be written 
in the board of the computer room.

7.00-7.40
City jog led by Mr. Petri Juuti, Departure and arrival at the main 
doors of University of Tampere, main building, street address: 
Kalevantie 4

08.00-17.30 Info desk; Registration and information at the University of Tampere

09.00-17.30 Dry Toilet Exhibition, Great hall lobby (2nd	floor)

Lecture Hall A  
(LSA1)	
(headcount	318)

Lecture Hall B  
(LS	D	10	b)	(headcount	
205)

Lecture Hall D  
(LS	D	11)	(headcount	205)

Portrait Lobby  
(2nd	floor)

09.00-10.00
Opening 
session and 
keynote 
speaker  
Mr. Kakumbi

Finnish seminar 
“Käytä kuivana”

10:00 - 16:30
(FOR FINNISH

SPEAKING
 DELEGATES ONLY)

10.00-11.30 1. “Cultural” 2. “Technological”

11.30-12.30 Lunch	break.	Coffee	in	the	Exhibition	lobby.

12.30-14.30 1. “Cultural” 2. “Technological”

14.30-15.00 Posters

15.00-15.30 Coffee	break.	

15.30-17.30 1. “Cultural” 3. “Economy”

19.00-20.30 Evening reception hosted by the City of Tampere at Tampere City Hall,  
street address: Aleksis Kivekatu 14 – 16 C, Central Square.
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Friday 24 August

7.00-7.40
City jog led by Mr. Petri Juuti, Departure and arrival at the main doors of 
University of Tampere, main building, street address: Kalevantie 4

08.00-17.30 Info desk; Registration and information at the University of Tampere

09.00-17.30 Dry Toilet Exhibition, Great hall lobby (2nd	floor)

Lecture Hall A  
(LSA1)	
(headcount 
318)

Lecture Hall B  
(LS	D	10	b)	
(headcount 
205)

Lecture Hall c  
(LS	A	3)
(headcount	69)

Lecture Hall D  
(LS	D	11)	
(headcount 
205)

Portrait 
Lobby  
(2nd 
floor)

08.30-10.30 4. “Productive” 6. “Operation” 5. “Hygiene”

10.30-11.00 Coffee	break

11.00-12.30 4. “Productive” 7. “Sustainability” 5. “Hygiene”

12.30-13.30 Lunch break

13.30-15.30 4. “Productive” 8.	“Extreme” 5. “Hygiene” Posters

15.30-16.00

16.00-16.30 Coffee	break

16.30-17.30

Closing 
plenary and 
ceremony

18.45-22.50
Conference dinner at the Wanha Kaidesaari Restaurant on Viikinsaari Island.  
Gathering is at Laukontori harbour at 18:45, about 400 m south of Central 
Square.

KEYNOTE SPEAKER Mr. Guy Mbayo Kakumbi

With several years of overseas international experience in Africa, 

Asia and Eastern Europe, providing water and sanitation services to 

refugees and internally displaced persons through emergency, short 

and long terms interventions, I contributed to the construction and 

rehabilitation of basic services in harsh post-war zones. I worked with 

UNHCR, UNICEF, UNOPS, WHO, CRS and OXFAM... Born in Kinshasa, I 

hold an MSc in Environmental Engineering and Project Management 

(Leeds University). Married, I have three children.
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KEYNOTE SPEECH

Thursday at 9:30 – 10:00 | Lecture Hall A (LS A 1)    Keynote presentation

A	SECOND	LOOK	AT	UNICEF-SUPPORTED	ECOSAN	LATRINES	CONSTRUCTION:	
TECHNOLOGY AND SOCIAL NORMS

Guy Mbayo Kakumbi
Chief, Water Sanitation and Hygiene; B.P. 381 UNICEF Rwanda (Kigali)

Email: Gmbayokakumbi@unicef.org

With the ever growing world population especially in urban settings, people’s right to access  
adequate sanitation is really jeopardized bearing in mind challenges posed by affordability,  
convenience, land ownership, technology itself and hydro-geological specificities of communities’ 
locations… Laws and social norms do not always play either in favour of the most marginalized 
sections of our society.

The author attempts to demonstrate how in several circumstances, resort to construction of  
ecological latrines imparted dignity to those who could decide to make the bold move and adopt it. 
Usual practice of child faeces handling in two phases (defecation in any place within the compound 
and its handling for disposal) can also be easily accommodated with practice of separating urine 
from faeces by parents or caregivers.

Several reasons explain why people decided in their own context to adopt ECOSAN latrines; the 
decision was mainly guided by the fact that target areas were difficult or challenging geologically. 
Most of the time, they were located where the conventional pit latrines would fail to delivery  
satisfactory solutions due to high level water table, rocky terrain or limited space to move the  
infrastructure if the pit was filled. Eventually, prospect for further incomes derived from the reuse 
of household sanitized human excreta as manure to increase agricultural productivity has driven 
many others even if UNICEF funded projects showed by in-large that replication rate remained 
very low when compared to project promoting common pit latrines. The relatively high capital 
cost required to build these latrines is the major obstacle to the uptake of this technology; in the 
other hand, the health risks due to handling of raw excreta doubled by the social acceptance of such  
practice constitute an important deterrent to replication.

Thanks to UNICEF programming, there are many countries where large-scale ecological  
sanitation interventions are currently underway such as in Bangladesh and in Rwanda. The  
technologies implemented vary from urine diversion dehydrated toilet (UDDT), composting  
latrines, biogas production of energy, to decentralized wastewater treatment systems (DEWATS)… 
The opportunity they bring by is tremendous for contributing to the attainment of millennium 
development goal 7c and many others.

This paper revisits with a different lens, findings from data collected previously in 12 countries 
where UNICEF was associated to 20 ECOSAN related projects. The 12 countries reviewed are 
Bangladesh, Bhutan, Bolivia, Congo Brazzaville, Guinea Conakry, India, Malawi, Nigeria, People 
Democratic Republic of Korea (PDRK), Rwanda, Togo and Zimbabwe.

Keywords: UNICEF, ECOSAN, social norms

Alternative Solutions for Challenging Environments: A look at UNICEF-assisted ecosan projects worldwide.  
B. Abraham, G. M. Kakumbi , Md. Monirul Alam & E. von Muench [Germany, Rwanda, Bangladesh, Germany]
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KEYNOTE SPEAKER Dr. Kamal Kar has over 30 years of experience using 

participatory approaches in livestock production, agriculture and natural 

resources management in many countries in Asia, Africa and Latin America.  

In 1999, as a team leader for a participatory impact assessment mission, 

Dr. Kar exposed the deficiencies of top-down, externally designed, and 

subsidized sanitation approaches, and evolved a new approach that 

challenged conventional thinking on sanitation. Based on the initial 

successes in Bangladesh, Dr. Kar took this collective behavior change 

initiative, triggered through ‘hands-off’ facilitation, to other countries 

in Asia and realized the immense potential of the approach, which he 

named Community Led Total Sanitation (CLTS).  In subsequent years, he 

fine-tuned CLTS and developed a systematic intervention to liberate 

rural communities from the tyranny of poor sanitation, largely caused 

by open defecation. Over the past decade, Dr. Kar has spread the CLTS 

approach and built capacity of governments and international agencies 

to roll out CLTS in more than 40 countries across Asia, Africa, and Latin 

America.  Today CLTS is being implemented in more than 50 countries 

across the world and 17 countries have adopted it as ‘the’ approach in 

their national sanitation policies. Roughly estimated 20 million people 

in the global South are benefitting from a cleaner living environment as 

a result of eliminating open defecation.  In 2008, Dr. Kar founded the 

‘CLTS Foundation’ to support Global practitioners of CLTS, policy-makers 

and governments to adopt and scale up the approach.  In 2010, the 

prestigious Foreign Policy Magazine selected Dr. Kar as one of the top one 

hundred global thinkers of the world. He was also been declared as the 

Water Champion of the year 2011 by Asian Development Bank Manila.

Writers and speakers
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Born in 1983 and graduated from the University of Lomé (Togo) in 

economy in 2008, Mr ADJOYI Komlan Mawuena served as volunteer 

in promoting sanitation information sharing for over 10 years and as 

trainer in several associations. He attended international conferences 

on climate, environment and agriculture, water and sanitation areas. 

Since June 2010, his passion and dedication for the water and 

sanitation sector have received support from BothEnds, a Dutch NGO.

MUNALA, Gerryshom Kweya holds a Doctorate of Technology from Graz 

University of Technology in Austria. He is a Senior Lecturer in the School 

of Architecture and Building Sciences, at Jomo Kenyatta University of 

Agriculture and Technology (JKUAT), Kenya. He is also the convenor, of 

the TC 224/WG 8: Onsite Domestic Wastewater Management Using Low 

Technology, of the International Standardization Organisation (ISO). He 

earned his B. Arch in 1999 at JKUAT and his Master in Environmental 

Planning and Management in 2004 from Kenyatta University. He is a 

former DAAD scholar (2002 - 2004). He has also done Environmental 

Journalism, sponsored by SIDA at Daystar University, Kenya. He is a 

registered Architect with BORAQS under chapter 525 laws of Kenya 

with the registration number A956 and a registered lead EIA/EA expert 

with NEMA number 0932. He is also a registered member of European 

Water Resources Association (EWRA), number 09071301. He has 

taught at JKUAT in the Department of Construction Management since 

2002. He is a member of the water and sanitation sub-committee of the 

national standard body, Kenya Bureau of Standards, (KEBS) in Kenya. 

He has authored or co-authored over 7 referred papers, published in 

different journals and/or presented at various conferences.

Dr. Claudia Wendland coordinates the sanitation implementation and policy work of WECF. Her 

professional experience covers more than 12 years in project management and implementation, 

lecturing and research in the field of new sanitation concepts, wastewater management and 

WASH. She is appointed member of the working group “New sanitation systems- Public relation” 

in the German Water Association (DWA), lead of the SuSanA working group 7 and temporary 

advisor for the WHO for WASH in Schools.
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COMMUNITY LED TOTAL SANITATION COULD PAVE THE WAY FOR WIDE SPREAD 
ADOPTION OF DRY TOILET IN ENVIRONMENTALLY CHALLENGED / WATER SCARCE DRY 

AREAS GLOBALLY 

Kamal Kar
Chairman of CLTS foundation, Kolkata, India

Email: kamalkar@yahoo.com

Nearly 2.6 billion people of the world do not have access to basic sanitation. More than 2 billion 
defecates in the open with a consequent loss of health including child mortality, women abuse, loss 
of labour and other economic losses contributing to trillions of dollars. In every 15 second one kid 
mostly under 5 are dying globally due to diarrhoea, cholera and other enteric diseases caused by 
poor sanitation mainly Open Defecation which is preventable.

Over many decades the solution to tackle the mammoth problem was to provide free/ subsidised 
toilet to rural/urban people. Largely this approach did not work and the infrastructures were used 
for purposes other than toilet. Community-led Total Sanitation (CLTS) is an innovative approach 
for empowering communities to completely eliminate open defecation (OD) as a starting point. It 
focuses on igniting a change in collective hygiene behaviour, which is achieved through a process 
of collective local action stimulated by facilitators from within or outside the community called  
‘Triggering’. The process involves the whole community and emphasises the collective benefit  
(public good) from stopping OD, rather than focusing on individual behaviour or on acquisition or 
construction of latrines (individual good). 

Dr. Kamal Kar pioneered CLTS in Bangladesh in1999- 2000 and actively spread it  in countries of 
Asia Africa and Latin America which is now adopted/ rolled out in more than 50 countries with at 
least 30 countries in African alone.

Thousands of villages have been declared ODF, and at least 15 governments of African nations and 
two in Asia have adopted CLTS as the main approach in their national sanitation policies. 

What motivates and prevents 

Adoption of any kind of toilet is closely related to hygiene behaviour change rather than  
acquisition of a physical toilet – be dry toilet or pour flush. Traditionally toilets were given to people  
as a readymade option in many forms. In all those attempts the technology and structural details 
of the toilet were considered more important than ensuring clean and safe environment free from  
faecal-oral contamination directly impacting on human health as an ultimate outcome. In ECOSAN 
the focus was on enhancing agricultural production and livelihood through the recycling of  
human waste. But in most of those, the basic element of human behaviour change was either largely  
missing or introduced in a top-down teaching mode. In other words the focus of the traditional  
approach to sanitation was more on “things” rather than “people”. Mostly the technologies failed 
due to the failure in changing the hygiene behaviour of the users (people) for whom these were 
created.
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In the past the main drivers of change have been health, sanitation, disease etc. whereas the issues 
like shame, disgust and self-respect remained largely untapped. In other words the motivating  
factors or the trigger behind the usage did not really work the way it was expected. However when 
CLTS is implemented without subsidy or any top-down prescription of technology with a focus on 
the hygiene behaviour change things moved radically.

Appropriate entry point of dry toilet 

Today communities in hundreds of thousands villages across Asia, Africa and Latin America 
stopped Open Defecation as a result of triggering CLTS. The concept of Dry Toilet is spontaneously 
reflected by rural communities as soon as Community Led Total Sanitation (CLTS) is  
triggered. This has been our observation from triggering of CLTS in most countries across the globe 
wherever Open Defecation is rampant. In most of these countries the CLTS triggered communities  
immediately think of the dry pit latrine using ash and local materials for construction as the first 
and easiest option. This could be an entry point for introduction of dry toilet in many of the coun-
tries where access to market and availability of water is quite difficult. Millions of people in the 
entire Sub-Saharan Africa and Asia live in the rural areas with difficult access to markets. More 
than 80% of the 2.6 billion having no-access to basic sanitation earn less than a couple of dollars a 
day, hence may not afford to have an expensive toilet solution. Furthermore a large majority of the 
same of that category are also landless, marginal farmers or share croppers. Although culture and 
taboos of handling human excreta is a liming factor in some countries, the value and richness of 
human excreta in enhancing agricultural production is largely understood by these populations.

During CLTS triggering when the rural communities confront the reality that they have been  
eating “each other’s shit” through their own analysis, the immediate reaction in general is to dig 
a pit and confine shit safely preventing it from spreading everywhere. Through this first step of 
a pit latrine great community innovations of moving along the sanitation ladder has taken place  
globally. A close look at the evolution of community innovation is clearly reflected in a bipolar  
pattern of growth which is heavily influenced by environment and agro-ecology of the area. In 
large parts of dry and draught prone areas, rural communities moved along a path of  building dry 
pit latrines and improving them gradually which requires very little or no water. Whereas in places 
with high rainfall and availability of water people prefer to move along the line of water closet, pour 
flush and other such toilets mostly starting from a pit latrine. 

In the first category of dry areas use of ash, urbaloo, closing filled-up pits for ensuring continuous 
supply of manure and other technologies like heavily slanting plastic toilet pans emerged. All these 
pave the way and provide great potential for introduction of dry toilets. There is a great possibility 
of combining Eco- San with CLTS in such dry agro-climatic areas. While CLTS could trigger the 
demand, dry toilets could offer the solution appropriate for the area. Now the question is “who” 
decides the technology and “how” it is decided? The concept here is to begin with “technology 
assessment followed by technology refinement” rather than “technology prescription or transfer 
of technology” which may not work for many social, economic and cultural reasons. Some rural  
communities of the world who have been using human excreta for centuries belong to a third  
category. This is where the relevance of dry toilets in ODF villages is enormous and limitless.

Keywords: Community Led Total Sanitation (CLTS), collective behaviour change, appropriate 
entry point of technology 
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CULTURAL AND SOCIAL ASPECTS OF DRY TOILETS IN TOGO, WEST AFRICA: 
TWO WORLDS, TWO PERCETIONS, TWO STRATEGIES

Adjoyi Komlan Mawuena
Wash Program Coordinator with “Lumiere et Developpement” Association, Togo

Email: mkadjoyi@hotmail.fr

1. THE RURAL

1.1. How do they perceive dry toilets?
Rural people agree completely dry toilets because they are similar to those they use. But poor  
people are not ready to accept that they must spend to build a toilet for excrement they can  
easily throw in the nature. The cultural barriers also involve the use of compost for farming. This  
reluctance is aggravated by inadequate training and awareness.

1.2. OBSTACLES AND STRATEGIES

Obstacles Strategies

1. Use of compost for 
agricultural  Awareness at all levels: teaching ecological sanitation in 

schools. Sensitization organizes at the various courses about 
hygiene and the use of toilet waste as fertilizers and the fact 
that the use of toilet waste is being studied and tested.

2. Financial  
contribution of rural 
people

 In developing and implementing a project: do not plan to en-
gage rural beneficiaries in financial contribution because their 
culture does not allow them to spend for toilet disposal

2. THE URBAN

2.1. How do they perceive dry toilets?
The urban mentality is characterized by the rejection of toilets for the benefit of toilet flush. But 
water is increasingly scarce, these environmentally friendly toilets should they not also be installed 
in urban areas?

2.2. OBSTACLES AND STRATEGIES

Obstacles Strategies

1. The attraction of 
flush toilet  Breaking the attraction for toilet flushing:

• Use the media (Internet, social networks, networks of infor-
mation sharing and television) to accelerate the dissemi-
nation of information on the benefits of ecological toilets 
(photos).

• Producers must improve models of flushing toilets and 
their embellishment. The attraction of toilets should be 
such that until you try to flush the water, it is impossible to 
detect that it is not a flush toilet.

• Increased awareness is needed to prepare the change of 
mentality: Although there is no health risk to do so, many 
consumers still resist the idea of   touching their own feces 
and should be educated to adopt a conduct contrary.

• Ensure community participation in the implementation and 
acceptance of dry toilets.
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2. Dry latrines are too 
expensive  Governments must strongly be interested in subsidizing pro-

ducers: Many urban people opt for flush latrines because they 
are cheaper than dry toilets. 

Incentives focused on urban population: Encourage and re-
ward households that reduce considerably their water con-
sumption after replacing a flushing toilet by dry toilets.

3. “Use dry toilets in 
public?”  Focus on promotion of toilets in households: Urban popula-

tions have a much more difficult to think of using toilets in 
public places and given the fact that it is recommended that a 
composting toilet is used by a family, would it not make sense 
to target households in the short term?

Keywords: perceptions, strategies, obstacles, rural, urban
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EXPERIENCES WITH UDDT IN SCHOOLS IN EASTERN EUROPE,  
THE CAUCASUS AND CENTRAL ASIA

Dr. Claudia Wendland, Tereza Weissová, Fedde Jorritsma, Dr. Susanne Herbst
WECF, Germany

Email: Claudia.Wendland@wecf.eu

In the last 5 years, more than 50 Ecosan school toilets have been built in Central Asia, the Caucus 
and Eastern Europe (EECCA) by a number of NGOs with support of WECF. An enormous amount 
of experiences on sustainable sanitation at schools were gained as well as practical evidence that 
a UDDT school toilet significantly improves the pupils´ lives in rural areas of the EECCA region. 
There is however a demand to verify and show the impact of such an intervention to policy-makers, 
scientists and the organizations in civil society. Therefore a methodology for assessing the impact of 
Ecosan at schools on pupils was developed and is presented here as well as the results of 10 schools 
in five EECCA countries.

The assessment methodology contains three parts:
1. Questionnaire for female/male pupils with 31/29 questions related to Acceptance-Dignity-
Gender-Health-Absenteeism 

  resulting in quantitative data
2. Focus group discussion (FGD) only with pupils, no presence of teachers 

 resulting in qualitative data
3. Class book survey related to absenteeism 

 resulting in quantitative data

The three parts were carried out in a school where UDDT were implemented and in a reference 
school with traditional toilets for comparison. The methods were applied on boys and girls  
separately. 

The results are made from a sample of:
 ✓ 10 schools with UDD toilets: total 361 pupils
 ✓ 8 reference schools with pit latrines or no toilets: total 245 pupils
 ✓ 5 countries: Moldova, Ukraine, Armenia, Tajikistan, Kyrgyzstan

Questionnaire: all children are very satisfied about the UDD toilets because of greater comfort 
(clean, warm, no smell, privacy, hand-washing facilities, short distance etc.) Especially girls  
experience benefits because of greater privacy and washing facilities. 
FGD: gives very interesting additional information making the quantitative results better  
understandable, e.g. both boys and girls miss school for different reasons, boys often have to work 
and girls suffer from bad hygiene. In Tajikistan, the FGD revealed that children use stones and cow 
dung for anal cleansing at school as there is no toilet paper available.

Classbook survey: the absenteeism among pupils is quite high in some rural schools for both boys 
and girls. If the absenteeism is high before the implementation of the UDDT, the intervention had 
a significant impact and the pupils, boys and girls, missed less days than before.

The assessment gives quantitative and qualitative data and thus a comprehensive understanding of 
the intervention´s impact. Detailed figures of the assessment will be presented in the paper.

 Keywords: school sanitation, acceptance, impact assessment, ecosan, UDDT
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SOCIO-CULTURAL	INFLUENCES	AND	MANAGEMENT	THAT	DETERMINE	SANITATION	
FACILITIES USE IN THE INFORMAL SETTLEMENTS

Gerryshom Munala
Jomo Kenya University of Agriculture and Technology, Nairobi, Kenya

Email: gerryshom@yahoo.co.uk

Sanitation facilities development in the informal settlements in Kenya is inadequate and facing 
serious physical, socio-cultural and economic constraints, amidst the increasing population  
pressure being exerted on these facilities. It is estimated that 60 % of the residents in Kenya’s urban 
areas live in these informal settlements and majority lack adequate access to these facilities. The 
slum settlements are growing by approximately 11% per year. The rapid growth of towns has led 
to the mushrooming of informal settlements devoid of basic infrastructure including water and 
sanitation. Informal settlements have developed haphazardly, without allowing adequate space for 
installing infrastructure network.

A survey of users and sanitation points in 2 and 3 different informal settlements in Kisumu 
and Nairobi respectively was made with the focus on socio-cultural influences, perceptions and  
management aspects that determine the choice of use, access, gender and maintenance of sanitation 
facilities in these environments. A total of 334 users were interviewed and 10 different sanitation 
points visited during the survey. 

The survey revealed that acceptability and usage of a sanitation option is dependent on avail-
ability, security at night, economic aspects, risks involved and physical capability of the users.  
Maintenance, on the other hand, was reported as an issue in as far as cleanliness, life expectancy 
and space was concerned. About 68% of households rely on shared facilities with a high load-
ing factor of about 71 people per facility. 88 % and 35 % have the opportunity to use community 
shared facilities and are forced to relieve themselves in the open; either in the bush or use “flying  
toilets”, respectively. 75 % of the surveyed pit latrines are not emptied for reuse, instead the  
residents abandon them. The recognition of women as important in the running of the facilities has 
been embraced as 40 % are led by women and 57 % of the sanitation management group members 
are female. The introduction of bio-digester centres have greatly improved on the overall resource 
and energy efficiency during operation. While bio-digester centres have been readily accepted  
because of their additional advantage of biogas production, users are discounted with the smell 
emanating from them.

The study conclude that it is important to ensure that discouraging and risk factors like unclean 
facilities, the fear of falling into the pit, smell and attraction of insects and parasites are eliminated 
and motivational aspects such as comfort, privacy, improved health and hygiene as well as financial 
benefits are enhanced in implementing sanitation facilities in informal settlements.

Keywords: informal settlements; Kisumu; management; Nairobi; sanitation facilities
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Ken USHIJIMA is project assistant professor belongs to the laboratory 

on engineering for sustainable sanitation, faculty of engineering, 

Hokkaido University from 2010. He researched sanitation system of 

urban slum in Southeast Asia, and obtained Ph.D. degree from Tokyo 

Institute	 of	 Technology	 in	 2007.	 His	 work	 experience	 is;	 teacher	 of	

Tokyo	Nogyo	Highschool	(2002-2007),	researcher	of	Water	Resources	

Environment	Technology	Center,	Japan	(2007-2010).

Ms Michelo Katambo is a Zambian young lady aged 28. She studied 

Social work at National College for Management & Development 

Studies	 now	 Mulungushi	 University	 and	 a	 Certificate	 in	 Computers,	

Kays Technologies in Zambia. She has attended several Conferences; 

one of them is the third International Dry toilet conference in Finland. 

She worked for Green Living Movement as Community Development 

assistance and currently coordinating the Zambia Sanitation Project in 

rural Northern Zambia since 2007.

Md. Azahar Ali Pramanik is a Bangladeshi by born in January 01, 1958.  

He has worked in WASH sector since the last 24 years in Bangladesh. 

Presently,	he	works	as	the	Executive	Director	of	SPACE	since	the	last	

seven	 years.	 He	 obtained	 Master	 in	 Social	 Science	 (MSS)	 in	 Social	

Work. He has participated in various professional training, workshops, 

conference and symposium organized in home and abroad and 

presented various papers on WASH.  
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Gertrude Matsebe is a Development Planner with a particular interest in the relationship 

between technology and socio-cultural practices. She has sound knowledge of social research 

and community development focusing on human settlements (i.e. sanitation, water and 

housing).	She	has	been	involved	in	urine	diversion	sanitation	projects	in	some	provinces	of	

South Africa since 2004. She has an honours degree in Social Work from the University of 

Limpopo and has also recently obtained an MSc degree in Development Planning with the 

University of the Witwatersrand.
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ECOLOGICAL	SANITATION	IN	URBAN	SOUTH	AFRICA:	SOCIO-CULTURAL,	DESIGN	AND	
OPERATIONAL	CHALLENGE	OF	URINE	DIVERSION	DRY	(UDD)	TOILETS	AND	THE	IMPACT	

ON USERS’ PERCEPTIONS 

Gertrude Matsebe and Dr Amira Osman
The Council for Scientific and Industrial Research (CSIR), 

Built Environment unit, South Africa
Email: gnmatsebe@csir.co.za

Waterborne sanitation is currently the most used system in the urban areas of South Africa. The  
Department of Water Affairs has tried to encourage a range of alternative technical options but  
implementation of these has mostly been limited to rural areas. Among these alternatives, Urine 
Diversion Dry (UDD) systems seem to be a possible sustainable solution for a water-scarce country 
like South Africa.   

Since 2010, sanitation has become integrated into the Department of Human Settlements and 
the exploration of integrated service and housing solutions is deemed necessary. The Council for  
Scientific and Industrial Research (CSIR) in South Africa has therefore been studying the  
integration of the UDD toilets in medium density mixed housing (MDMH) in urban areas.   

The study aimed to understand socio-cultural perceptions and practices, and measured users’  
acceptance or rejection of the UDD toilets in the Hull Street MDMH project in Kimberley, South 
Africa. Users comprised of residents of Hull Street and employees of the Sol Plaatje Housing  
Company (SPHC), which oversees operation and maintenance of this project. The study was  
qualitative in nature and used a purposive sampling method. Semi-structured interviews were used 
to collect data, important themes were identified and content analysis was carried out.  

The findings of the study revealed a high degree of dissatisfaction of the users of UDD toilets, mainly 
due to poor design that outweighed the benefits. Most of the users reported that the UDD toilet 
was unhygienic, unhealthy, had an uncomfortable sitting position, released unpleasant odours and 
had high operation and maintenance costs. Furthermore, the UDD technology lacked institutional  
support from politicians and officials at the local municipality, who eventually decided to convert it 
into waterborne system. 

This dissatisfaction has led to rejection of the UDD technology. To counter similar problems in 
future projects, and to avoid the stigma associated with alternative technologies, it is important 
to get buy-in from politicians, officials and users to ensure success of any development project.  
Active participation of users throughout the entire process of the project is crucial. There is a 
strong need to educate the general public (including politicians and government officials) on  
environmental sustainability aspects of the UDD technology. It is also significant to ensure that  
every new technology introduced should perform well so as to achieve the social acceptance of the 
users. 

It is believed that if design and technical shortcomings of the system are addressed this will lead 
to more user acceptance and satisfaction with performance. This paper will therefore present the  
results of the surveys carried out and will grapghically present the design and technical concerns with  
critical analysis and suggestions for an approach to design and technical development in the UDD 
system. This will include design/technical issues at the level of the individual unit and also the  
design/technical issues at the planning level of the whole development.  

Keywords: urine diversion dry toilets, medium density mixed housing, socio-cultural perceptions, 
users
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VALUE NETWORK DESIGN APPROACH FOR SANITATION SYSTEM IN DEVELOPING COUNTRIES  
-	LESSONS	FROM	TWO	JAPANESE	MODELS	-

Ken Ushijima, Naoyuki Funamizu, Mitsumasa Yokota
Faculty of Engineering, Hokkaido University, Japan

Email: uken@eng.hokudai.ac.jp

Economically independent or less dependent diffusion model of sanitation facilities are desired 
in order to reduce the population of people who cannot access to improved sanitation facilities 
drastically. This study focused on and analyzed two Japanese cases; one is current sanitation system 
consists of sewerage and Jokaso, other is excrement recycling system which existed until early 20th 
century. Desired tactics and approach for current developing countries were discussed on the basis 
of lessons from those models.

Current Japanese sanitation system has been developed with rapid economic growth. The points of 
success were (1) households’ economic growth, which increased affordable fee to pay, (2) economic 
growth of Japan, which allows construction of sewerage infrastructures and financial support for 
Jokaso installation by individuals, (3) design of organization and their network initiated by national 
government, which makes easy to reflect central policy for all system, and good collaboration with 
private companies who have technologies and knowhow. The system was optimized to provide the 
value of “excrement treatment service”.

Excrement recycle system was officially recommended by government from 9th century because 
increase of food production was desired at that time. In the Edo period (17th to 19th century), 
human excreta was traded with money. This situation continued until 1920. Although economic 
level of both (1) household and (2) government were far lower than current situation, (3) private 
sector leaded excrement market without special infrastructure. This system was optimized for  
multiple values; people received money or agricultural product as an exchange of excrement,  
farmers obtained cheap fertilizers, society obtained foods. Each stakeholder obtained each value 
from this system. 

In the Edo period system, excrement was managed in the total material flow management system 
with water and garbage. This total system includes efficient techniques such as maximization of 
value by cascade use and minimization of value loss by differentiable treatment. Furthermore, all 
processes were visible for people therefore it was not difficult for people to manage by themselves.

As lessons from those models, centralized sewerage system based on economic growth was  
difficult to apply for developing countries, where economic level was low and available resource 
was limited. Resource recycling sanitation system is desired in those countries because of limited 
resources. Furthermore, development of value flow network to provide values to each stakeholder  
is necessary in order to drive this sanitation system leaded by private sectors, like the Edo period 
model. The Edo period model however required long time to develop recognition of value of excreta,  
agricultural technique and optimized social system. When we apply the essence of the Edo period 
model for present situation, those issues should be solved in short term. To make excreta safety 
and give a value in current situation, composting by compost toilet is important and effective 
process. Old agricultural technique of excreta utilization should be excavated and rearranged for 
local situation. Optimized social system should be designed carefully in order to provide values for 
each stakeholder. Material flow analysis and value flow analysis is effective tool to visualize value 
network.

Keywords: resource recycling sanitation, urine and feces reuse
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DESIGN OF COMPOSTING TOILET FOR PRACTICAL APPLICATION IN BURKINA FASO

Kenta Yabui, Ken Ushijima, Ryusei Ito, Naoyuki Funamizu
Department of Environmental Engineering, Graduate school of Engineering

Hokkaido University, Japan
Email: kentay1207@ec.hokudai.ac.jp

Resource recycling sanitation system, which utilize composting toilet, is one of the promising  
concept to improve the sanitary conditions in developing countries. Composting toilet makes it 
possible for users to reuse human excrement in safe way as fertilizer and users get potential to 
increase their income by using this fertilizer to vegetable cultivation. It becomes incentive for low 
income farmers. On the other hand, interface design also gives one of important incentive at actual 
application. There are few studies on user interface design of composting toilet, though there are 
many technological studies on composting toilet.

In this research, we aimed to design composting toilet that people living in rural area of Burkina 
Faso willing to choose and use. As a first step, we analyzed design of current toilet and assumed 
action in it in detail on 6 families which already committed to install and use pilot model. Based on 
these analyses, we determined each detail of design of composting toilet and toilet room as follows 
and materialized it.

The reactor itself is rotating to mix the compost. In rural area, it is impossible to use electricity to 
mix the reactor, hence, matrix are mixed by only hand power. We assumed 20 Nm as the maximum 
of acceptable torque for women and children. Although screw mixing reactor, which is majority of 
composting toilet, could mix only 12 kg of matrix by 20 Nm, reactor rotating system could mix 34 
kg of matrix.

The width of aisle and entrance of current toilet were 60 ~ 83 cm and 45 ~ 115 cm, respectively. The 
size of toilet room was 130 ~ 200 cm long and 130 ~ 180 cm wide. This size is large enough to set 
composting toilet and to take reactor to outside of toilet room for matrix change.

If excess water enters into the reactor, composting reaction will be negatively affected. Hence, it 
is better to put the reactor no lower than ground level, to avoid submerging in rain season. In 
this case, the height of toilet room’s wall becomes higher than current design and required height 
also depends on squatting or seating. As far as we asked people in the site, both of squatting and  
seating seems to be acceptable. The case of seating, height of wall can be 20 cm lower than the case 
of squatting and it saves construction cost about 5.5 USD. As a prototype, we chose seating style.

Several numbers of prototypes are now being installed at pilot families’ house in Burkina Faso. The 
design will be tested in real conditions and improvement-required point will be abstracted and 
feed back to improved design.

Keywords: user oriented design, resource recycling sanitation system, composting toilet
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THE CASE STUDY OF ZAMBIA SANITATION PROJECT  

Ms Michelo Katambo
Zambia Sanitation Project (A Project of Global Dry Toilet Association of Finland)

Email: Michelokatambo@yahoo.com

The problems of Sanitation are well documented in Zambia. They include annual occurrences of 
epidemics such as cholera, typhoid and dysentery. There is an estimated 60% of the population of 
Zambia without access to proper sanitation, the majority of them living in rural areas. The rural  
people depend mainly on pit latrines which are in many cases shallow, at most 20m. In high  
rainfall areas the risk of the pit latrines contaminating ground water is even higher. The major 
water sources in rural Zambia are mainly the streams, wells and hand pumps (mono pumps). The 
water sources, in the case of boreholes and open wells are mainly located near homesteads. This  
arrangement makes the water sources susceptible to contamination from running water in the case 
of open wells or toilet waste percolation in the case mono pumps.

The concept of Dry toilets attempts in part to provide solutions to limitations of pit latrines. Over 
and above addressing sanitation issues, the concept of Dry Toilets does also address food and  
economic security through provision of cheaper fertilisers through the use of urine and  
decomposed Feacal matter.

The challenges associated with the dry toilets concept, however vary and can be traced, for instance 
from rural people’s cultural beliefs and social perceptions. Gender roles also play an important role 
with regard to decisions to participate in the project undertakings. In the most rural settings in 
Zambia, family chores that border on sanitation (drawing water for cooking, washing and bathing, 
cleaning the house and toilets etc) are a responsibility of women.

This presentation is drawn from experiences and lessons learnt on how culture, social and gender 
factors impact on dry toilets from the implementation of the Zambia Sanitation Project (ZASP) 
over a period of six (6) years (2006 - 2011). It highlights the influence of society on how roles and 
responsibilities are distributed between men and women and the effect this has on management of 
dry toilets. 

It has been observed during the project implementation period that there is still resistance by 
the larger section of the rural community to transform to gender equality, especially in so far as  
responsibility for good sanitation is concerned.    
 
It must be however noted that; interest and positive change towards transformation among the 
rural community is building slowly due to a number of reasons among them, massive awareness 
campaigns and sensitisation through drama performances, workshops, posters, meetings and other 
channels that Zambia Sanitation Project has used over the years.

Keywords: gender; cultural, dry toilets, sanitation    
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SOCIO-CULTURAL	AND	GENDER	ASPECTS	OF	ECOLOGICAL	DRY-TOILETS	
-	A	SUCCESS	STORY	OF	SPACE	IN	BANGLADESH

Md. Azahar Ali Pramanik
Society for people’s Action in Change and Equity (SPACE)

Email: space.equity@gmail.com

This paper highlights on people’s acceptance, participation, privacy and security, comfort feelings 
during use and maintenance, addressing to the women’s special needs and empowerment of owners 
and users in Bangladesh as social and gender aspects of ecological dry toilet. 

Bangladesh always has to face pressing sanitation problems due to inadequate sanitation awareness 
and management among majority people, lack of appropriate sanitation technologies and vulner-
able geographical location. Concreted Ring Slab associated Pit-latrine is the main sanitation tech-
nology as this is an option with low-cost, locally adapted and easy to install. However, the major 
problems regarding these latrines are: necessity of huge water for flashing and cleaning, external 
compensation for emptying-disposing burdens of sludge. Additionally, these latrines overflow 
during rainy seasons and daily high tides in the coastal zones. Poor people cannot repair latrines 
and consequently they return for unhygienic defecation. This unhygienic defecation causes cyclic 
movement of water borne diseases, huge environmental impact from mineral-nutrient dispersal; 
make the rural people unhealthy, debt dependent from poverty and conflicts in terms of social  
stratification. Ecological dry toilet, in these contexts, was found one of the most appropriate,  
socially sound, environment-friendly and cost-effective sanitation option. Realizing these is-
sues, SPACE not only facilitates but also managed installation of 652 household and school- 
based dry toilets since the last seven years. During designing the toilets, SPACE duly considers local  
geographical, socio-economic contexts, especial needs of women, children and physically  
challenged people. 

In Bangladesh, SPACE was the first ever not-for-profit organization which installed its first 25 dry 
toilets during early 2006 in the flood prone area on pilot basis. While installing dry toilets, SPACE 
faced various social problems in respect to beneficiaries, people’s participation and cost sharing, 
operation-maintenance, usage of treated urines and feces as manure in homestead vegetable garden 
 because of cultural barriers. SPACE implemented need-based social awareness, training and  
rooted advocacy with active participation of opinion leaders and Local Elected Body.  
Consequently people realized necessity of dry-toilets which dramatically decreased intensive  
problems scaling up in other rural and urban areas. Before installing the toilets, SPACE has also   
facilitated in social preparation to the community through awareness raising, training, gender  
education and following-up practices.        
 
Field reports of ecological dry toilets indicate that including children, 98% users efficiently use 
toilets; 100% feel comfortable, privacy, security and odor-free as installed very close to user’s 
reach; 97% toilets found always neat and clean due to female and male’s involvement in regular  
cleanliness and maintenance works; 93% women and girls manage their menstrual hygiene in the 
toilets safely and 100% owner’s feel enhanced their social status being owners of ecological dry-
toilets. The report further reveals that 97% female and male together decide for reusing treated 
urines and feces in farming and 100% users hygienically handle treated urines and feces for using 
and consumes eco- products. All together, it indicates incredible improvement of social and gender 
perspectives of ecological dry-toilets that need for continuation and scaling-up.  

Keywords: cultural barriers, social preparation, gender education, comfort feelings, privacy and 
security
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WOMEN AS DRIVERS OF ECOLOGICAL SANITATION

Namaganda Rehema Bavuma (presenter Immaculate Nansubuga)
Katosi Women Development Trust (KWDT), Uganda

Email: rehema@katosi.org, immaculate.nansubuga@gmail.com

The presence of good and proper sanitation provides dignity and improves the lives of people  
especially women and girls. While the lack of it, affects them most. This creates a great need for 
gender consciousness in the designing of sanitation technologies.

The concept of Ecological sanitation (ECOSAN) and dry toilets is gaining momentum and  
getting adopted by various communities and cultures in Uganda. Compared to other techinologies, 
the Ecosan technology is favorable in areas with hard rocks and high water tables. It’s relatively  
affordable, and better still it involves the re-use of excreta for improved Agricultural production. 

Among other issues dry toilets at Katosi landing site along lake Victoria faced various challenges 
and resistance for a long time caused by factors ranging from cultural religious, social and  
economic. Various cultural and religious taboos could not allow various people including women 
and children to either use the ECOSAN toilets or have them constructed in their homes. 

Katosi Women Development Trust (KWDT) after a baseline survey in 2007 that revealed disastrous 
sanitation challenges in Nakisunga and Ntenjeru sub counties, where open defecation and flying 
toilets were the order of the day, embarked on the construction of ECOSAN toilets, since the area 
could not allow the construction of the conventional pit latrines due to the high water table and 
the rocks.

For a very long time however, the ECOSAN technology was resisted by majority of the community 
members. Whereas some of them accepted to construct the toilet in their homesteads, the toilets 
were never used but open defecation continued even after years of constructing ECOSAN toilets 
in this community!

Realizing the challenge, KWDT embarked on the soft ware component of promoting the use of 
COSAN toilets. Through a network of 16 women groups in this area, KWDT has promoted the 
construction and use of ECOSAN toilet, training women and other community members on how 
to use the ECOSAN toilets as well as their benefits as compared to the conventional pit latrine. 

Women trained as trainers (TOTs) are facilitated to carry on the trainings within their villages  
with performance indicators set for each of the trainer. Presently, ECOSAN toilets in this area are 
growing rapidly and their use is encouraging and KWDT receives various visitors who come to 
learn on how this community has accepted the use of ECOSAN toilets.

KWDT supports women to acquire the toilets on a loan basis and they pay back in small  
installments, to allow the creation of a toilet revolving fund. The fund allows more women  
household to access the facility and pass it on to more beneficiaries over a period of time. 

Keywords: ecological, toilet, women, drivers
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Mr. Sabir Farhat, Secretary General, Pakistan Rural Workers Social 
Welfare Organization & a Former Trade Unionist is founder member 
of organization; launched its water & sanitation program in year 2008 
aiming to improve weak condition of sanitation and to increase the 
hygiene knowledge of rural communities. He has more than 32 year’s 
community	 development	 experience	 at	 his	 credit.	 He	 also	 teaches	
Social	Work	in	the	local	university	and	having	significant	experience	of	
International travelling. 

Surayo Saidova was born in Tajikistan. Professional carrier began in ASDP 
Nau	from	2004.	She	has	7	years	of	work	experience	on	sanitation	issues.	
ASDP Nau promotes urine – diverting toilets in rural areas of Northern 
part of Tajikistan with cooperation of WECF, because it can solve a little 
the problem of underground water pollution. In some region of Northern 
part of Tajikistan the level of underground water reaches 1-2 meters and 
UDDT	is	excellent	option	for	 this	 regions.	She	has	presented	papers	at	
some conferences as poster presentation in 3 rd International Dry toilets 
Conference and published several articles in local and ASDP Nau monthly 
bulletins.

Ms. Yaba Laxmi Shrestha, was born in 18 April, 1974 Pukulachhi VDC, 
Sakhu. She completed her bachelor degree in Population Studies from 
Tribhuvan University, and studying Master Degree in Sociology. She has 
14	years	of	work	experience	in	various	fields	of	community	development	
and social mobilization and gender empowerment. Presently, she is 
working	 in	 Community	 Development	 Forum	 (CoDeF),	 national	 NGO	
working mainly in Water and Sanitation. She is also Vice Chairperson in 
CoDeF.
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A TECHNIQUE FOR USING THE LEAST AMOUNT OF WATER FOR TAHARAT  
(WASHING	AFTER	EXCRETION)	IN	DRY	TOILETS

	-	THE	PROJECT	OF	ECOVILLAGE21	-	CASPIAN	SEA

 Dr. A.A. Talebi, Mrs. Neda Abbas Nejad Lami, Mrs. Minoo Hejrat 
(presenter Neda Abbas Nejad Lami)

Technical and researcher members of Ecosan Iran
Email: neda.abbasnejad@gmail.com, a_atalebi@yahoo.com

Ecovillage 21 is an ecotourism village with 21 hectare costal (Caspian Sea) and 4 hectare forest  
(sobatan Jungle) that distance between these two regions is 3 kilometers. Therefore this region has 
special ecosystem. This ecotourism village include eco hotel, eco restaurant, organic product store,  
flowers store that have grown in village, local handcrafts store, environmental museum and children, 
the ecologic of vegetable garden and fruit garden.(see maps of projects in figure 1 and 2). The system 
of collecting of sewage in cities and countries of this region is in pits. Proximity of cesspool,  
underground water and permanent and seasonal rivers of the region are the polluting factors of  
Caspian Sea. Since Iran is an Islamic country, washing themselves after excretion (Taharat) is  
obligatory and recommended for every Muslim. Therefore the ecosan toilet is designed in way for 
Taharat with the least amount of water. 

The system of ecosan toilet in this ecovillage designed as follows: There is another sink beside ecosan 
toilet sink. People sit on this sink after excretion and wash themselves with the least amount of water 
for Taharat. The pipes are timed and the water exit from this pipe as necessary as possible. Since the 
water remained from Taharat includes particles of stools, it may be included likely polluted bacteria 
and parasites in stool, therefore it is collected in the separate tank. This water is used to irrigate with 
drop system for only flowers gardens. This tank should be prevented to be distributed in fields and 
gardens and to be used to irrigate vegetable products.  

Therefore there are three kinds of collecting in this ecovillage for ecosan toilet system. A tank for  
collecting of feces, a tank for collecting urine, a tank for collecting water after Taharat: the Material  
inside this tank is used to irrigate village flowers. The field of flower which is irrigated by the water 
inside this tank is run through arrows of shallow and narrow streams. Flowers are planted on arrows 
of small hills. Pipes are placed inside these arrows of streams opposite to hills. In this manner the  
placement of the system of dropping irrigation pipes in these streams increases the certainty  
coefficient of the system. Thus the probable particles of stool do not distribute in fields and in this 
manner we prevent from probable prolusion (see the figure 3). 

•	 The outcomes of applying ecosan toilet systems are as follows: 
•	 Pilot project for other Muslim countries
•	 Product of organic crops 
•	 Saving energy with less consumption in fuel because of there is no transformation: 

 > whole human excretory materials of ecosan toilet used in same place as fertilizer after  
       standard procce of ecosan. (Ecovillage).

 > Organic products of this ecovillage used in restaurant and store same place
 > Flowers of this gardens used in store, restaurant and hotel same village

Note: in this ecovillage the basics and principles are taught to tourists. These instructions include 
how to apply natural resources to protect environment and human health as the core of sustainable  
development.

Keywords: TAHARAT, ecotourism, ecovillage, dropping irrigation, organic crops
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SURVEY OF SANITATION CONDITIONS IN BURKINA FASO FOR DESIGN OF TOILET

Ryusei Ito, Ken Ushijima, Nowaki Hijikata, Naoyuki Funamizu
Water, Decontamination, Ecosystem and Health Laboratory, International Institute for 

Water and Environmental Engineering (2iE), Burkina Faso
Email: ryusei.ito@2ie-edu.org, ryuusei@eng.hokudai.ac.jp

Human excreta are rich of the nutrients and it is to be able to classify several compositions with 
their qualities. Faces shares small volume of the excreta with the most polluted by pathogens, while 
contains much organic matter, nitrogen and phosphorous, but less water. So, the composting toilet 
is one of the ideas to treat feces and recover the nutrients from it by producing compost. Some 
NGOs have installed ECOSAN toilet which is a kind of composting toilet in several areas in this 
country. But it doesn’t spreading spontaneously owing to high construction and operation cost. It 
requires very good buildings of concrete to install the system and special space to compost feces 
collected from individual toilets. The collected feces should be kept for half year for stabilization of 
organic matter and elimination of pathogens. This presentation shows the result of the survey in the 
rural area in Burkina Faso to design the composting toilet adapting to the life style. For the design 
of the toilet, we considered human interface and engineering of reactor. 

In the survey, ethnic, religion, number of family, something for practice of defecation, construction 
materials for the toilets, construction style, experience reusing night soil from human feces, and 
needs for new toilet is investigated by questionnaire. The majority religion of the villages in the 
area is respectively Christian and Muslim. The large and small families are nominated the chives 
of the villages. Most of families have sitting style pit latrine and one family has practice of open  
defecation. The wall is made of local adobe bricks. The shape of the wall is like shell of a snail 
without roof and door, which height is 1.5 m to hide their body during defecation. Muslim  
people looks south during defecation, and washes their body with small amount of water scoped by 
small bucket, then the water goes into the pit. Christ people use paper etc. for cleaning their body. 
The toilet booth is square shaped of 2 m per side. The toilet is placed near their concession in Peul  
village, while toilet in Mossi village in rural area has distance from concession. Some families 
have experience to reuse of night soil from the human feces and compost from livestock manure,  
garbage, agricultural wastes etc. All families know the value of the human feces as a fertilizer. They 
want to use squatting toilet and sitting one. Several model of composting toilet was designed and 
their material costs for construction are estimated for practical application.

Keywords: life style, design criteria, interface, engineering reactor, reuse of human excreta
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ROLE OF GENDER IN WATER & SANITATION IN RURAL PAKISTAN

Sabir Farhat
Pakistan Rural Workers Social Welfare Organization (PRWSWO), Pakistan

Email: prwswobwp@gmail.com

The importance of involving both women and men in the management of water and sanitation has 
been recognized at the global level, starting from the 1977 United Nations Water Conference at Mar 
del Plata, the International Drinking Water and Sanitation Decade (1981-90) and the International 
Conference on Water and the Environment in Dublin (January 1992), which explicitly recognizes 
the central role of women in the provision, management and safeguarding of water & sanitation. 

Equitable access to water for productive use can empower women and address the root causes of 
poverty and gender inequality. However, lack of access (ownership) to land may be the underlying 
cause of women’s limited access to water and a key reason for the greater poverty of female-headed 
households in Pakistan. Land ownership is a precondition for access to water. Shockingly, women 
hold title to less than 2 per cent of the world’s private land. Moreover, even where women do have 
a legal right to land, customs often prevent them from taking de facto control of land and natural 
resources.

In Pakistan, food security is often dependent on women’s subsistence production to feed the  
population. Evidence shows that women are responsible for half of the world’s food production  
(as opposed to cash crops) and in most developing countries, rural women produce between 60–
80 per cent of the food. Women also have an important role in establishing sustainable use of  
resources and their knowledge is valuable for managing and protecting watersheds and wetlands.

The real problem faced by many female farmers, however, is that they have very little or no access 
to irrigation water for agricultural purposes and are entirely dependent on rainfall. Therefore, it 
is crucial to accord to women recognition as land holders and contributors to the development 
process. Responding to the needs of poor farmers requires a detailed understanding of men’s and 
women’s local knowledge systems, resource utilization and income generating opportunities.

Each year, more than 0.3 million people in Pakistan die from preventable diseases associated 
with lack of access to safe drinking water, inadequate sanitation and poor hygiene. The social and  
environmental health costs of ignoring the need to address sanitation (including hygiene 
and wastewater collection and treatment) are far too great. A focus on gender differences is of  
particular importance with regard to sanitation initiatives, and gender-balanced approaches are  
encouraged in plans and structures for implementation. Simple measures, such as providing schools 
with water and latrines, and promoting hygiene education in the classroom, can enable girls to get 
an education, especially after they reach puberty, and reduce health-related risks for all. Moreover, 
the design and the location of latrines close to home may reduce violence against women, which 
may occur when women have to relieve themselves in the open after nightfall.

Keywords:  gender, food security, hygiene
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EQUITABLE ACCESS TO EDUCATION AND DEVELOPMENT FOR GIRLS AND WOMEN
IMPROVING WOMEN´S AND GIRLS´ HYGIENIC SITUATION IN RURAL TAJIKISTAN THROUGH 

IMPLEMENTING	UDDT	IN	SCHOOLS	AND	WOMEN	DEVELOPMENT	CENTERS	(WDC)

Surayo Saidova, Claudia Wendland
Local Public Organization “ASDP Nau”, Tajikistan

Email: surayosaidova@gmail.com, claudia.wendland@wecf.eu

Republic of Tajikistan is a mountainous landlocked country in Central Asia. Afghanistan  
borders it to the south, Uzbekistan to the west, Kyrgyzstan to the north, and China to the east. 93% 
of it is territory occupied with mountains. Tajikistan is the smallest on the territory the Central 
– Asian republic of the Commonwealth of Independent States (СIS). In 2009 the population of 
Tajikistan has exceeded 7,5 million people. Northern Tajikistan with an area of some 25,400 square  
kilometers and a population of 2,132,100 (2008 est.). Poverty, as a major problem in rural  
communities of Tajikistan is a multifaceted problem, and in order to deal with it effectively, it 
should take into account all aspects that affect in its appearance.

Analyzing the state of the rural communities in Tajikistan it is necessary to take into account the 
overall economic development and living conditions of its citizens. Environment, social issues and 
economic development, and poverty in Tajikistan, of course, are interrelated with each other.

In rural schools there are no elementary conditions for its use (water, separate room for girls). 
Absence of separate toilets and facilities in schools for hygiene during menstruation is the cause of 
irregular attendance and leaving the school by girls.  

The importance of water, sanitation and hygiene for health and development is reflected in one of 
the tasks within the framework of the Millennium Development United Nations:” to reduce in half 
in period of 1990-2015 years the proportion of people without sustainable access to safe drinking 
water and elementary sanitation facilities”. 

The Women Development Centers (WDC) in Northern Tajikistan, in the target areas of the 
NGO ASDP Nau, united not only the economic or the above income-bearing activities, but other  
socio-cultural events where the participation of women in different sectors of community  
development should focus on communities. The WDC and the schools are of high importance for 
women and girls to break the cycle of poverty. 

However, there are a number of problematic issues, which should receive special attention. This 
is to ensure sanitation and hygiene in the WDCs and in schools. When monitoring sites have 
been identified that women and girls do not have sanitary facilities they need during the stay 
in the WDCs and school. Women and girls try not to use the toilet. The existing toilet does not  
provide the required privacy, do not have doors. Some WDC s do not have toilet at all. In the  
critical (the period of menstruation) days, women and teen girls do not have any conditions which are  
necessary for them during that time. Because of this, they did not attend centers in those days. 
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The objective was to improve the health, hygiene and school attendance of the girls and women’s in 
WDC by implementing safe and sustainable sanitation in Jabbar Rasulov district.

In Northern Tajikistan, ASDP Nau built with the financial support of NatraCare and WECF 3 
toilet facilities for 2 rural schools and 1 for Women Development Center in autumn 2010 for 1046 
beneficiaries. The toilets are UDDT and equipped with hygiene rooms with hot water for ablution. 
The solar collector is installed in the UDDT for heating the water. The UDDT are provided with a 
device for anal cleansing which is very important for hygiene in the Muslimic culture. 

Due to the project, ASDP Nau improved the conditions for girls and women. The operation and 
maintenance of the new toilet facilities is ensured through the set up of a parents committee for the 
schools and women income in the WDC. 

As an outcome, the girls and women have been empowered, they report about much better  
hygienic conditions. They now can attend the schools and WDC safely without facing inequalities. 
The urine and faecal matter will be used in the demonstration plots in order to show the benefits of 
fertilize. Farmers are interested in fertilizes and ready to buy them from WDC and schools.   

Keywords: gender equality, equitable access, UDDT, ecosan
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ROLE OF ETHNIC WOMEN IN PROMOTING ECOLOGICAL SANITATION IN  

A RURAL VILLAGE OF NEPAL

Yaba Laxmi Shrestha, Manima Budhathoki, Guna Raj Shrestha
Livelihood and Environmental Awareness Project (LEAP), Nepal

Email: yabashreekhanda@hotmail.com

The object of this case study is Devichour Village Development Committee (VDC) which is  
situated in Lalitpur District, Central region of Nepal. The VDC is mostly dominated by Tamang 
(80%), an ethnic and tribal community. The VDC has a total of 524 households. Toilet coverage 
in village in the beginning of our intervention was about 40% of total households, whereas water  
supply coverage was about 75%. However, quality of the drinking water and management of the 
water system is poor. 96% of the total population practiced open defecation in the nearby forest, 
open space or nearby water bodies. Diarrhea, dysentery and typhoid are major common diseases 
in the VDC. Diarrhea sometimes spreads as epidemic in the village and has killed 7 people in 2008. 
There is high level of illiteracy especially of women in the project area.

Community Development Forum (CODEF) which is a national NGO, with support from the 
Ministry of Foreign Affairs of Finland in partnership with the Mikkeli Association for Sustainable 
Development (KEMA), Finland, introduced Livelihood and Environmental  Awareness Project 
(LEAP) in Devichour VDC in 2010 for a initial period of three years.  This article is an action  
research case study of the project approach in improving the sanitation status of this village by  
giving the leading role in implementation to multipurpose women’s groups. 

Basic approach and strategy of LEAP is strengthening and mobilization of women in community 
development activities at all level of decision making. LEAP initiated its work by establishment 
of women groups. LEAP has specifically been promoting ecological sanitation and encouraging  
people to use the urine diverting eco-san toilet. LEAP has organized a number of orientation  
sessions to women groups and key groups, exposure visits to successful communities in other  
districts to sensitize and motivate them to adopt ecosan toilets. The individual households (HHs) 
are provided toilet pan, pipe and tank. During last two years, about 90 HHs have built toilets. The 
HH needs to construct the walls and roof for the toilet with their own resources. This commitment 
shows the social and economic acceptance of the technology.  LEAP has a plan to facilitate VDC 
to declare this village Open Defecation Free (ODF) by 2012 with 100% HHs having some forms 
of hygienic toilets. This will be in line with Nepal’s national target of 100% toilet coverage by 2017. 
The cultural barrier against using fecal matter as fertilizer are discussed in this paper as well as the 
motivation of women in promoting the use of the urine diversion toilet. 

Women are the main drivers for ecological sanitation in Devichaur VDC. They have taken the 
leadership to implement all the programme activities including sanitation promotional activities. 
Improved sanitation carries aspect of comfort, essential needs, security, dignity and health. Women 
have realized two fold benefits of sanitation improved health and economic benefit by reducing 
need for chemical fertilizers. 

Keywords:  rural women, ecological toilet, organic farming, women leadership, community 
mobilization
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ACCEPTANCE OF UDDTS IN EASTERN EUROPE, CAUCASUS, AND CENTRAL ASIA

Yuliya Fruman, Anna Samwel, Claudia Wendland (presenter), Stefan Deegener
WECF

Email: yuliya.fruman@gmail.com

From January 2008 to December 2010, Women in Europe for a Common Future (WECF)  
implemented its Co-Financing System (Medefinancieringsstelsel (MFS1)) programme entitled 
‘Empowerment and Local Action’ (ELA). Part of this project was based on safe sanitation and  
the construction of Urine Diverting Dry Toilets (UDDTs). This article focuses on the analysis of  
the toilets constructed within this project in 10 Eastern European, Caucasus and Central Asian 
(EECCA) countries. The main research question posed is: to what extent have UDDTs been  
accepted by users in this region, and which factors impacted acceptance? 

Acceptance was calculated in monitoring sheets based on nine criteria – faeces being used as  
fertiliser, cleanliness of toilet, the presence of functioning hand washing facilities, removal of the 
old toilet, time faeces is stored, use of urine, the degree or lack thereof of smell, and the extent to 
which the family likes the effects of fertilisation. These questions were answered with numerical  
values that were utilised to calculate acceptance, which was in turn utilised in the quantitative  
analysis in this report. The database utilised for this report consists of 403 toilets built in 
eight countries in the EECCA region for which registration sheets and monitoring sheets are  
available from partner organisations. In addition, seven in-depth, semi-structured interviews were  
conducted with Georgian users. Where applicable, WECF’s online database of 63 household  
interviews was also utilised.

Quantitative analysis was conducted by correlating acceptance to various factors, including cost of 
the toilet, the percent contribution of the household to the toilet, various design elements, sex of 
the users, and the quantity of toilets constructed per village. A quantitative analysis of acceptance 
demonstrates the most significant factors impacting acceptance are: the percent contribution of 
the project partner to the toilet (a smaller contribution from the project had a correlation to higher 
acceptance), and a higher cost of materials. Design factors that were correlated to higher levels of 
acceptance include: seating type, absence of stairs, and toilets with urinals. 

Qualitative results demonstrate that education of users is also central to contributing to  
acceptance and use patterns. Users also identified an increase in social status and pride in their 
homes as contributing significantly to their acceptance of toilets. The positive effects of urine and 
faeces as fertiliser in their gardens were also identified as contributing to acceptance.

These results feed into certain debates surrounding acceptance of new technologies, such as  
whether more units within a village will lead to higher acceptance or whether acceptance amongst 
users is higher when users contribute a larger proportion of their own funds to finance the  
toilet. Overall, the main findings of this project analysis demonstrate that the results vary  
regionally, which may imply that cultural factors can also impact acceptance and use patterns. 

Keywords: acceptance, EECCA, development, gender, culture
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WOMEN IN SANITATION CAMPAIGN IN WESTERN NEPAL! MAKING IT HAPPEN!

Sangita Khadka, Amrit Kumar Rai
Rural Water Supply and Sanitation Project in Western Nepal (RWSSP-WN)

Email: amritkrai@yahoo.com

Access to improved sanitation is the basic human rights of the people. Despite this fact, at the 
dawn of 21st Century, yet some 2.6 billion people of the world do not have safe, private or hygienic 
place to discharge their sanitation waste (WaterAid). Each day some 11.44 million people (43% 
of total population) of Nepal defecate in open space. Still some 10 thousand and 500 hundred  
babies cannot celebrate their fifth birthday annually (NDHS, 2006). Nepal continues to drain some 
Rs. 10 billion annually in terms of loss of productive labour due to sanitation and hygiene related  
illness which accounts more than 4% of GDP, consequently pushing the Country into pronged 
into poverty. To address these issues, many national and international organizations are working in 
Nepal to improve sanitation condition by implementing different types of supports. Traditionally, 
in most of the cultures all across Nepal, the responsibility of collecting water falls on the shoulder 
of women and children, especially girls. They spent 3 to 4 hours daily to fetch the water for their 
family. It is not water alone they also face the brunt of lack of sanitation facilities. Cases of violence, 
injuries, diseases and school dropouts are rampant at places where the improved sanitation facility 
is lacking.

Nepal itself is in a state of transition where the destination of political journey is still unclear. 
The women of the Western Nepal are showing the way on how Nepal can achieve its universal  
target on basic sanitation by 2017 thereby contributing to their own livelihood improvement with  
self-respect and dignity by saying “No to Subsidy” at all. 

This paper briefly presents the national overview of sanitation and hygiene movement in  
Nepal by highlighting the role of women who played important roles in communities behind the  
success of RWSSP-WN spearheaded programmes with nine partner District Development  
Committees by adopting the ABC (Attitude and Behaviour Change) approach in hygiene and  
sanitation. This sanitation campaign has improved the sanitation condition of the Districts by  
increasing the toilet coverage from 42% (2010) to 80% (November 2011). This result has been 
achieved with the construction of new additional 44,975 toilets in the program areas in less than 
two years of which 35% of that toilets are pit latrines. 

The paper also tries to analyse how sanitation promotion as a campaign led by communities, mostly 
women members, themselves have sustained impact on community behaviour by changing age-old 
practices of open defecation despite many social and cultural customary practices prevailing in 
society. It further tells how the gender and social inclusion has been successfully integrated into the 
sanitation campaign at the community and local government level. 

Keywords: sanitation, women, attitude, behaviour change, Nepal
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DRIVERS AND CHALLENGES; EXPERIENCES OF DRY TOILET PROJECTS 
FROM RURAL AND URBAN SETTINGS IN ZAMBIA

Ms. Sari Huuhtanen
Global Dry Toilet Association of Finland

Email: sambia@huussi.net

Global Dry Toilet Association of Finland (GDTF), NGO, started its first project in developing  
countries in rural settings of Zambia, Luansobe-Luankuni area (Masaiti District, Copperbelt  
Province) in 2006. Project area is commonly called Kaloko, by the name of the Kaloko Trust who 
is UK based charity organisation which works to relieve poverty and increase livelihoods in the 
area (www.kalokotrust.org). Kaloko Trust is also co-operation partner in this NGO-NGO project 
funded by Ministry of Foreign Affairs of Finland. Project area is around 260 km2 with 10  000  
inhabitants. The area is divided to 12 village areas and these areas again to different villages. With 
only few job opportunities (e.g. small shops and enterprises) in the area, most of the people living 
in Kaloko are small scale farmers and/or charcoal burners. Sanitation in the area has been based 
on pit latrines and open defecation. In addition to poor sanitation options people have faced lot 
of challenges with drinking water situation especially when ground water is mostly deep and few 
surface water sources (rivers, dams) are highly contaminated.  

GDTF’s urban project has been implemented in capital city of Zambia, Lusaka, in peri-urban  
settlement called Madimba together with local NGO, Network of Concerns and Solutions  
(NECOS) since 2008. Madimba is a compact area (1,2 km2) with around 6000 inhabitants. The 
lack of governmental infrastructures such as pure- and sewerage water pipelines, rainwater  
drainages or proper roads as well as waste management systems, has given the area lots of  
challenges, especially when the area has low ground water level with yearly flooding and  
stagnant water, and also rocky grounds in places. Challenging environmental and sanitation  
conditions based mainly on pit latrines has affected area facing seriously health risk. Diarrheal  
diseases are common in the area, especially during the rainy season, and cholera epidemics have 
been occurred periodically.        

Although challenges in water and sanitation in Kaloko and Madimba have been quite the 
same, sanitation projects must have had taken different approach to improve the situation and  
promote dry toilets. In rural area, even though project started with big campaign of hygiene and dry  
toilets by using famous drama group, hygiene improvements or health issues have seemed not to 
be factors that sufficiently inspire people to change their sanitation and hygiene habits.  Instead the 
driver in most of the villages has been free fertilizer (urine and compost). For the poor families 
whose income and family food security is based on small scale farming this is not surprising result, 
although it could have been thought that improved hygiene and health conditions would motivate 
people more. 

In Lusaka on the other hand, people have been inspired by improved health conditions and better 
sanitation, not so much about the fertilizing factor. As a matter of fact one of the biggest challenges 
project has faced have been the stigma of using human fertilizer in the fields or backyard gardens. 
Luckily with the sensitization as well dry toilet and backyard garden promotion these prejudices 
have been decreased dramatically. 

Keywords: Zambia, dry toilet, health, fertilizer, stigma 
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DRY TOILET: UNLOCKING POTENTIALS IN SANITATION IN DIFFICULT AREAS OF 
BANGLADESH

S.A. Abdullah Al Mamun 
Practical Action Bangladesh

Email: abdullah.mamun@practicalaction.org.bd

Bangladesh made significant progress in the sanitation under programme ‘sanitation for all by 
2013’. The coverage and sustainability however remain a major challenge. The urban areas,  
particularly the secondary towns where discharge is made to open water bodies, the urban  
sanitation scenario falls far behind hygienic sanitation coverage in true sense. In water scarce area 
such as Barind region and the hill districts, people break water seal due to lack of water for flushing 
the latrine. In the high water table and flood prone areas, and Haor areas, it is difficult to install new 
latrine pits every year. They do not have access to sanitation technologies that are appropriate for 
the varying hydro-geological and physical conditions.

Considering the drawbacks of current sanitation technologies, Practical Action Bangladesh has 
started piloting on eco-toilet since 2006 to address gaps in sanitation and sustainable scaling-up.  
Practical Action constructed its first eco-toilet in an urban slum under Faridpur Municipality and 
cost was approximately 450 USD.  In 2007, ecosan activities expanded in the peri-urban areas of 
Gazipur Municipality and constructed about 200 Eco toilets. To reduce the cost and make the toilet 
posh, design has been modified and developed plastic fibre eco-pan (first time in Bangladesh). The 
construction cost came down to USD 200.  However, from the project experience, it is found that 
dry toilet might be an appropriate option for Bangladesh by addressing two challenges (a) high 
construction cost and (b) Change people mind-set.

In 2009, Practical Action Bangladesh implemented an action research project on ecological  
sanitation in difficult areas of Bangladesh (urban slums, hills, flood-prone areas, Hoar and  
Barind tracks) of seven districts in Bangladesh. It aims to develop different toilet options, test the 
viability, costs, marketing and use of ecotoilets. Eleven (11) proto-types toilet design developed 
(endorsed by DPHE) and 108 toilets of different 7 options were built in 16 clusters of four difficult 
areas. A follow-up survey 6 months after construction showed continuing use and a high level of  
satisfaction with the ecosan toilets. Urine and composted faeces is also being used as fertilizer. 

Action research adopted a variety of toilet options to bring down the cost ranging from USD 243 
to USD 70. The research has also attempted to address another challenge behaviour change with 
respect to the use of toilets. However, ecosan toilet initiatives attracted considerable attention to 
sanitation practitioners in order to address the sustainable sanitation solutions for the difficult  
areas of Bangladesh. 

Keywords: pilot project, sanitation technology options, sustainable sanitation and scaling up
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IMPROVING SUSTAINABLE WATER AND SANITATION SYSTEMS IN SAHEL REGION IN AFRICA: 
CASE OF BURKINA FASO

Ai Hosokawa, Naoyuki Funamizu, Ryusei Ito, Ken Ushijima, Nowaki Hijikata,  
Mariam Sou, Amadou Hama Maiga

Faculty of Engineering, Hokkaido University, Japan
Email: uken@eng.hokudai.ac.jp

The Sahel Region in Africa is recognized as a vulnerable region under global climate changes 
and is also characterized by a low rate of populations who can access to drinking water and  
adequate sanitation. Collaboration Research with International Institute for Water Environmental  
Engineering (2iE) in Burkina Faso is ongoing. The aim of this project is to contribute to achieving 
 the Millennium Development Goals by developing a new water and sanitation system based on 
the concept: “Don’t mix and don’t collect wastewater”. Outputs will be (1) Safe water supply and 
onsite differentiable wastewater management models for rural/peri-urban area, (2) Gray water  
management models for urban area, (3) Proposals for capacity development, (4) Socialization of 
newly developed system and proposals of the social systems for its installation. 

Sustainable system for developing countries should be solid, low cost and stable system. Linkage to 
agriculture is required. Nutrients and water should be recovered and reused. Model for urban area 
and rural area should be prepared. Therefore, key technologies studied in the project are

1. Low cost composting toilet 
2. Soil Treatment and reuse system for grey water
3. SODIS and Ceramic membrane for drinking water treatment
4. Health risk evaluation procedure along with ground water analysis
5. Selection of suitable vegetables or crops and proposing suitable water management and leaching 
    strategy for preventing salt accumulation in soil system including rain water harvesting
6. Small diameter collection for grey water
7. Natural treatment for grey water

Pilot study will discuss
1. Comparative analysis of the functioning of rural and peri-urban water and sanitation model  
    under Sahelian climate: it will be a matter of using specific cases to assess the management costs 
    (repair and maintenance) of these stations (test their hardiness), to test the robustness 
2. Evaluation of public acceptance (culture, habit, social system, taboo)
3. Field Evaluation of compost and urine as a fertilizer
4. Evaluation of economic aspects.

Social science study will discuss
1. Identifying key factors for design of financial and institutional system 
2. Identifying key factors for design of the maintenance and operation organization

Keywords: Sahel, water and sanitation system, collaboration research, socialization, agliculture
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A TOILET FOR THE MOST VULNERABLE: THE PEEPOO

Camilla Wirseen, A. Wilhelmson
Peepoople, Sweden

Email: cw@peepoople.com

In 2006, a company was founded in Sweden with a unique mission: to provide anyone who desires 
access to dignified and hygienic sanitation. In practical terms the company produces a personal, 
single-use toilet, named Peepoo. Peepoo is designed to be used at home in places without proper 
sanitation systems. After usage, Peepoo  sanitises the human excreta. It thus offers a hygienic,  
practical to use, ecological and – of course – cheap sanitary solution. Since 2010 it has been sold in 
the Kibera slum in Kenya.

It took the architect Professor Anders Wilhelmson several years to find a solution for his goal: a new 
sanitation tool for the poorest of the poor. In 2005 he began conducting research together with the 
SLU Swedish University of Agricultural Science and the KTH Royal Institute of Technology. The 
result looks like a plastic bag in green and white, but it is in fact a high-tech toilet: the “Peepoo”.
 
Peepoo serves as a home toilet that is clean and simple to use. It is in the form of a slim, elongated 
bag made of a high-performance, degradable bioplastic. When the Peepoo is opened, a thin layer 
of gauze unfolds from inside, forming a wide funnel. Shortly after defecation it sanitises the human 
excreta, thereby preventing the faeces from contaminating the immediate area as well as the larger 
environment. Furthermore, it improves safety at night, especially for women and children, who are 
exposed to many risks when they leave their shacks in the night to void waste.

Even a used Peepoo is clean and sanitary. It degrades into waste that neither smells nor is dirty 
to handle and collect – and it can be used as natural fertiliser. The inside of the Peepoo is coated 
with urea – a non-hazardous chemical also found in toothpaste or body lotion under the name of  
carbamide – that is used for hygienisation.
 
When the excrements come into contact with urea an enzymatic breakdown into ammonia and 
carbonate takes place, driven by enzymes that naturally occur in faeces. As the urea is broken 
down, the Ph of the material increases and hygienisation begins. Disease-causing pathogens often 
found in faeces are rendered inactive within two to four weeks, depending on the surrounding  
temperature. And when the  Peepoo  disintegrates in the soil, the ammonia acts as a harmless  
fertiliser taken up by plants.

Keywords: flying toilets; emergency sanitation; urban slums
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NEW LEARNING ENVIRONMENT FOR SANITATION AND WASTEWATER USE 
AT TAMPERE UNIVERSITY OF APPLIED SCIENCES

Viskari, Eeva-Liisa, Haapamäki, Seija, Yrjönen, Renja, Szabo Hilda
Tampere University of Applied Sciences, School of Industrial Engineering, Finland

Email: eeva-liisa.viskari@tamk.fi

Tampere University of Applied Sciences has built a learning environment of dry sanitation and 
water treatment in the new laboratory facilities at the main campus. The learning environment 
was build during a project when the new laboratory facilities were renovated at the university 
and the project was funded by the European Regional Development Fund. In addition to the 
dry toilets, the learning environment was equipped with geothermal heating system, two solar 
panel systems, two windmills for studying renewable energy production. 

The learning environment for water and sanitation was taken into use in autumn 2010. The 
building consists of water and wastewater laboratories, greenhouse and different toilet facilities. 
These include two different dry toilets: one being a commercial urine separating model Biolan 
Naturum and the other two-storey model, where the toilet seat is upstairs and the composting 
bin in the basement. In addition the learning environment includes two water-saving toilets: 
vacuum toilet and source separating Eco-Flush model. The dry toilets are the first of a kind 
indoor dry-toilets in a public building in Finland. The facilities have raised a lot of interest both 
among the university staff and students as well as outside the university.

The toilet facilities at Tampere University of Applied Sciences will be used for demonstrating 
alternative sanitation solutions for indoor purposes and they are in everyday use at the  
university. The aim is to show and demonstrate that there are well functional alternatives 
for traditional flushing toilets and everyone can test them. This is important especially for  
reducing biases towards dry and water saving toilets. The university encourages the students 
and staff members to try the alternatives and the learning environment has also been very 
popular site for professional excursions outside the university. In addition especially the dry 
toilets are used for research and development projects.

The research with the dry toilets includes user experiences in developing the models and  
giving feedback to the manufacturer of the toilets. So far a number of issues has been changed 
and modified especially with the pilot model toilet. In addition the gas formation, ventilation 
and other technical points will be monitored and optimised while testing the toilets. The urine 
and faecal compost will be used in growing crops in the greenhouse in winter and outdoors in  
summertime and study different features of these fertilisers and evaluate the possible health 
risks for the consumers. The toilet facilities and experiences and results of the dry toilets during 
the first two years of use will be discussed in the presentation.

Keywords: dry toilet, source separation, faecal compost greenhouse, grey water
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LATRINE FACILITIES IN URBAN CENTERS OF ETHIOPIA AND HOW TO IMPROVE THE SANITATION 

SITUATION FOR THE LOW INCOME HOUSEHOLDS

Eyob Defere
COWASH Project, Ethiopia

Email: edmcons@ethonet.et or eyob.defere@gmail.com

The aim of the research was to understand the situation of latrine facilities and the practice of 
extraction and transportation in the urban centers of Ethiopia and identify major problems and 
develop improved sanitation service delivery systems for the urban poor.

The study was conducted in the three cities of Addis Ababa (3 Million Pop.), Dire Dawa (300,000 
Pop.) and Hosaena (75,000 Pop.) covering 1200 sample households combined with in depth  
investigation of the latrine facilities on selected households and extraction and transportation  
facilities in the towns.

Around 73% of the urban population in these cities use pit latrines while 14% do not have any 
latrine facilities, the remaining use other latrine facilities. The vast majority of pit latrines are  
excavated between 2-3 meters deep, with no lining (except for some masonry at the very top) and 
a simple concrete slab; ventilated improved pits (VIPs) remain relatively uncommon.  These basic 
pits present a number of difficulties, mostly linked with the fact that liquid usually drains out of 
the pits; this can result in potential contamination of groundwater, and makes them more difficult 
to pump due to the solid nature of the resulting sludge.  Most of the pit latrines are also unpleasant 
from a user perspective and may not resolve all hygiene issues. Finally, it is worth remembering that 
approximately two thirds of these pits are shared by a number of families.

According to the survey, about 30% of households are not satisfied with the latrine facilities  
(Damaged, bad smell, full, inconvenient to use) while over two third find quality of service of 
emptying and transportation is inadequate (Availability-cost factors, Not emptying fully, operators 
unfriendly). 

The main finding of the study is that the problem in the situation of latrines is a chain of constraints 
staring from the capture which suffers from excessive cost, lack of appropriate designs, lack of 
monitoring, and uneven enforcement while the extraction and transportation is hampered due to 
lack of adequate vacuum trucks, high costs, access problem and unsuitability of the technologies 
for dry pits. In addition there are either no official dumping sites or no proper treatment and reuse.

Therefore, to improve the sanitation situation for the urban poor an improved service deliv-
ery model has to be developed and implemented which links the capture (toilet facilities), the  
extraction technologies, and transportation and treatment facilities.  

This paper will briefly describe the attempts undertaken to develop the service delivery model for 
improving the sanitation situation of the urban poor in the Ethiopian context.

Keywords: capture, extraction and transportation
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HOW	(NOT)	TO	DESIGN	AND	CONSTRUCT	UDDTS	 
– A COMPREHENSIVE GUIDE TO FUNCTIONALITY

Lukas Ulrich and Stefan Deegener
Swiss Federal Institute of Aquatic Science and Technology (Eawag), Department Water 

and Sanitation in Developing Countries (Sandec), Switzerland
Email: lukas.ulrich@eawag.ch

In the past 15 years, urine diversion dehydration toilets (UDDTs) have emerged as a popular  
on-site ecological sanitation (ecosan) solution mainly promoted through research and  
development projects worldwide. Experience shows that the success of such projects highly  
depends on accompanying awareness raising, user information and training activities. These  
elements present key components in order for UDDTs to be accepted and used through sustained 
behaviour change. However, not only software components are crucial for the success of this  
technology, and thus for its acceptance. Obviously, the functioning and degree of esteem of  
UDDTS are also determined by the correct design and construction of the infrastructure,  
agricultural reuse opportunities for urine and faeces, and, especially in urban or peri-urban  
contexts, a good service and logistics model for the management of the source-separated excreta. 

The present paper centres on aspects related to the technical design and construction of  
UDDTs and explores their importance for the success of ecosan projects promoting this  
technology. Far too often, sanitation initiatives failed because UDDTs did not have a user-friendly and 
functional design. Repeatedly, toilets were abandoned because of big or small design mistakes and  
resulting smells, flies, clogging, freezing, leakage, overflow, collapse, misuse, or other troubles for the  
users (such as difficult access, use, cleaning and emptying) and related resentments. Such  
avoidable problems highlight the obvious relationship between user-friendliness of the design and 
acceptance.

Although numerous guides to UDDT construction exist, to date no comprehensive publication 
is available which compiles all the dos and don’ts that are important for the design of this on-site 
sanitation option. By evaluating different designs and related technical success and failure factors 
as well as lessons learned from UDDTs implemented all over the world, the authors seek to fill 
this gap. The present article also pulls together existing knowledge and experience from available  
reports and construction guides. It takes into consideration all the different technical variations 
that exist (double-vault or single-vault faeces collection, ground-level or stair access, sitting 
or squatting user interface, washer and wiper versions, toilet attached to or inside a house or  
separate). Special focus is given to smell prevention, different types of ventilation systems and  
correct collection and storage of urine and faeces. Eventually, the paper attempts to draw up exhaustive  
how-(not)-to-do-it guidelines and recommendations for the design and construction of UDDTs. 
Where multiple design alternatives exist, advantages and disadvantages are discussed along with 
cost considerations for each option. Needs for further research and optimisation such as the  
development of improved user interfaces, new material surfaces and cost reduction potentials are 
pointed out.

Keywords: UDDT, urine diversion, user-friendly design, design mistakes, construction



TOPIC 2

TECHNOLOGICAL OPTIONS AND URBAN APPLICATIONS

53

HISTORY OF DRY TOILETS IN FRANCE

Mr. Pierre Colombot, Mr. Frederic Neau (presenter)
Ecosphère Technologies -Trente-Pas, France

Email: frederic@saniverte.fr

Until the beginning of the 90’s, the existence of dry toilets was almost unknown in France. In 
1991, Ecosphère Technologies at first and Satna few years later, aroused on the dry public toilets’  
market, focusing immediately on the mountain equipment sector (ski resorts, mountain refuges) 
with Clivus-Multrum’ inspired systems.

Meanwhile, Ecosphère Technologies developed another innovating technology using as a  
composting area a large slanted cylinder of 1500mm diameter, designed in order to integrate the 
toilet’s pan. This cylinder was rotating very slowly in order to scrap the faeces. Unfortunately, this 
technology was quickly abandoned due to the fast filling-up of the filters used to separate the urine 
from the faeces. In 1996, Ecosphère Technologies began developing a new technology using a  
slanted conveyor belt to separate liquid and solid matters. At first, faeces were dried up by  
mechanical ventilation, but it was replaced in 2005 by the vermicomposting technique, much more 
autonomous.

Between 2005 and 2006, a growing interest for dry toilets rose in France, stimulated by the  
simplicity of the sawdust technique. People began to use this type of toilets (most of the time self-
built) for private use. Some organizations also began to implement these sawdust toilets on public 
events instead of chemical toilets.

In few years, the number of companies offering dry public toilets increased:
•	 Ecosphère Technologies, pioneer in the field and leader on the market, with 80% of its turnover 

thanks to the vermicomposting toilets
•	 Satna, specialised in the mountain sector with techniques inspired by Clivus Multrum. Satna 

recently developed toilets integrating an electrical slanted conveyor belt
•	 Petit Coin Nature : sawdust public toilets
•	 Toilitech: This company offered for many years chemical public toilets, self-cleaning water-

toilets, and South-Africa imported systems “Enviro-Loo”.

In addition to these four companies, others have recently appeared but more with a regional  
influence than national (Compostera, Clivus Multrum, Toilettes Nature, Sunwind, etc.).

Compared to the dry public toilets, the ones for private use are still marginal. Only self-built  
sawdust dry toilets are wide spread, and to a lesser extent some Scandinavian-imported techniques 
like the “Separett” toilets. A new company, Ecodomeo, seems to have a high potential with its  
vermicomposting toilets derived from the Ecosphère Technologies’ public systems.

The development of dry toilets in France has recently been recognized by national regulation with 
the September 7th 2009’ decree dedicated to on-site sanitation.

Keywords: France, Ecosphère Technologies, Satna, dry toilets, public market, Clivus Multrum, 
vermicomposting, sawdust toilets, Petit Coin Nature, Toilitech, Ecodomeo
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WHAT DOES IT TAKE TO CONVINCE DECISION MAKERS IN OMARURU, NAMIBIA TO SCALE UP 

URINE DIVERSION DEHYDRATION “OTJI TOILETS”?

Rahul Ingle, Sonja Berdau, Fritz Kleemann, Peter Arndt and  
Enno Schroeder (presenter Enno Schroeder)

GIZ (Deutsche Gesellschaft für Internationale Zusammenarbeit GIZ GmbH), Germany
Email: rahul.ingle@giz.de

Namibia is the driest country in southern Africa. To provide access to affordable and sustainable 
sanitation for all Namibians, it is essential to consider dry toilets as a proactive measure to deal with 
water shortages and as a way to save precious water resources in the wake of climate change.

The GIZ Namibian Water Resource Management Project and the Omaruru Basin Management 
Committee (OmBMC) along with the Clay House Project (CHP) - a non-governmental  
organisation (now closed due to lack of funding) based in Otjiwarongo - initiated a pilot project 
in mid 2010 with Otji toilets (Urine Diversion Dehydration Toilets – UDDT) to provide sanitation 
 facilities to 21 households from peri-urban informal settlements of Omaruru in Namibia.  
Approximately 140 people were served by the new toilets with a total investment of EUR 17,000 of 
which EUR 776 was spent per toilet. The beneficiaries contributed only EUR 15 towards the cost 
of the toilets.

Omaruru, with a population of 12,000 inhabitants, lies about 200 km northwest of Namibia’s capital 
city Windhoek. Depending on the location of their house, people have to walk up to 300 m to get 
water. Sanitation facilities were non-existent in the low-income pilot area.

The Otji toilet is a Urine Diversion Dehydration Toilet (UDDT) with a novel type of a toilet bowl 
since early 2010, designed such that urine touching its wall is collected in a small trough at its base, 
drained away through a pipe and infiltrated into the ground (or collected and stored). The faeces 
are collected in a perforated container inside the vault to drain the remaining liquids that might 
come in contact with the faeces.

Since the development of the Otji toilet in 2003 by CHP about 1,500 Otji toilets have been installed 
nationwide across Namibia and about 300 self builder sets have been sold by CHP. The clientele 
included the EU programs, municipalities, NGOs, farmers and safari lodges.

An awareness campaign was conducted in Omaruru with the users once the construction of  
toilets was completed in end of 2010, to further promote the toilets. After the dry toilets had been in 
use for about three months, in a small survey carried out by GIZ and the OmBMC the acceptance 
of the toilets amongst users was found to be high. Many users are especially happy to have a dry  
system, as they do not have to pay for water for toilet flushing.

The project helped to prove to the local authorities and people, the appropriateness of these dry  
toilets. However, the authorities still favour the flush system as they perceive them as ‘high class’ 
even though many people cannot afford to pay for so much water. The political acceptance 
 and the willingness to construct Otji toilets on a larger scale is still quite low amongst the  
municipality partly due to their hope for EU funding which would enable the municipality to build 
a sewer system and treatment plant in the future. The scaling up has proved to be difficult also due 
to the relatively high initial cost owing to for example transporting the bowls from Otjiwarongo.

Keywords: ecological sanitation, UDDT, Otji, Namibia
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ZERO-WASTE	PRINCIPLE	AS	A	NATIONAL	IDEA	AND	DRY	TOILETS
  

Vladimir Moksunov
Director General, Russian Toilet Association (RTA) 

Email: russiantoilet@mail.ru

World toilet culture history witnesses that people have always been using human excreta for  
agriculture and other purposes. Today this idea is vital as never before. Human waste is an  
inexhaustible resource. A throw-away principle becomes a history and technologies such as  
composting, electrochemical methods and etc. have been tested throughout the world.

In 2007 in Guatemala Russian President Vladimir Putin proclaimed 2014 Sochi Olympic Games 
as zero-waste games. The “zero waste” principle also relates to sanitation, hygiene and wastewater. 
Moreover, Sochi is a mountain and climate resort and is surrounded by specially protected  
territories, so all the technologies must meet the very strict standards. Also, the Government is most 
interested in solutions which could be effective for post-Olympic use. The estimated amount of hu-
man excreta to be collected by temporary (additional) toilet infrastructure alone during the Olympic 
and Paralympic Games is 2 500 MT of urine and 350 MT of feaces. This amount can we calculated 
either as hazardous waste causing expenses or as a valuable resource able to produce income. 

RTA has successfully developed toilet systems and a series of public toilets answering the Olypmic 
zero-waste principle. It is a toilet and sanitary ware of urine-diverting type which enables us  
collect the necessary material in required quantities and of appropriate quality. The feasibility of RTA 
project was proved during tests and research made in 2010-2012 in Sochi Dendrarium (for coastal 
area) and during FIS Ski World Cup (held as test competitions for the Olympics) in Roza Khutor 
(Sochi) in December 2011-May 2012 (for mountain area). RTA also designed a bioreactor to speed 
up the composting process.

In 2011 in Sochi RTA together with the Research Institute for Mountain Forestry and Forest  
Ecology run experiments on mixing urine and feces with various biomass and food waste  
additives for stimulating composting in the bioreactor and found optimum parameters for  
fastening the composting process for sawdust, grass, hay, straw, fallen leaves, milled wood, and  
culture of soil bacteria and etc. Mature compost material was made within 40 days. RTA has been 
working on reducing this term and has achieved some promising results. It can be used as soil 
conditioner, for biohumus production. We also registered beneficial and safe influence of urine  
irrigation on crop and grass plot growth.

The development of a zero-waste toilet led to a new vision and understanding of a modern  
toilet and its place in modern designs. Despite the modeling of toilet of the future began at 2006  
Moscow World Toilet Summit, supported by WTO and the Moscow Government, the 2014  
Olympics can facilitate Russia to create and adopt a new national standard of a toilet. Today RTA and the  
Research Institute for Disinfection Studies develop national standards (sanitation rules and norms) 
and also design up-to-date means of toilets disinfection.

RTA cooperates with various toilet organizations from many countries. We have 5 years of work 
with Global Dry Association of Finland, Tampere University and other Finnish experts and  
companies. Today we see potential for deeper integration for solving particular toilet tasks such 
as toilet sanitation, new toilet technologies of waste utilization and international green toilet  
standards. 

Keywords:  bioreactor, biohumus, compost, toilets for specially protected territories, application of 
nutrients, national standards (sanitation rules and norms), toilet disinfection, public and private 
urine diverting toilets, green toilet standards
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DEVELOPMENT OF A NEW BIOCIDE DRY TOILET WITH HYGIENIC FACILITIES

Marja Palmroth, Adela Ramos Garcia, Vesa Kolha, Tuula Tuhkanen,  
Nora Fernandez, Miguel Herrero, Dulce Muñoz, Ikechuku Nwagwe, Ruth Nuñez, Javier 

Porto, Loïc Perrier, Pierre Colombot, Florie Crosnier, Christian Richter,  
Götz Hendrik Winter, Carlos Ramirez, Pedro Gomez

Department of Chemistry and Bioengineering, Tampere University of Technology, Finland
Email: marja.palmroth@tut.fi

The acceptance of dry toilets to urban environments can suffer drawbacks found in current  
applications, i.e. release of unpleasant odours, manipulation of latrine waste and struvite  
precipitation in pipes. Urine odour is a result of a complex variable mixture of a large number 
of volatile compounds. These include volatile organic compounds (VOCs) as well as ammonia. 
Ammonia causes unpleasant odours and increases urine pH. This in turn leads to precipitation of 
struvite and other salts in pipelines.

In this presentation, EU-project DryCloset is described. The goals of the project are the d 
evelopment of a biocide material to be used on toilet surfaces, to prevent the struvite precipitation 
in pipelines and to eliminate the odours generated by dry toilets. These technology developments 
will be applied to vermicomposting dry toilet system to be used in public and private dry toilets.

New polymeric materials with both antimicrobial and slippery properties are being developed 
and tested.  The materials developed will be used in the manufacturing of the plastic pieces in 
the dry toilet. Batch experiments have shown that these materials have potential in decreasing  
precipitation of urine on plastic surfaces. 

Laboratory testing showed that in addition to ammonia, also VOCs, are released to air from 
stored urine, but total concentration of VOCs is small compared to that of ammonia. Biofiltration  
system for vermicomposting dry toilet system is being developed to remove odours deriving from  
ammonia and volatile organic compounds. Lab-scale experiments have been made with different 
filter materials. The experiments have shown that biofilters can remove odorous compounds  
released from stored urine. Ammonia removal efficiency was up to 99 % and VOC removal  
efficiency up to 90 %. Moisture content of filter materials had an impact on removal efficiency. 
The properties of filter material and operational conditions have a significant impact on removal 
of odours. Thus new biofilter materials have been developed to improve endurance of biofilters to 
changing operating conditions. 

Laboratory experiments with source separated urine and chemical additions have shown that it 
is possible to reduce odours released from stored urine by designing suitable antistruvite liquid 
compositions. These liquids have also shown their potential in decreasing precipitation of urine on 
plastic surfaces. These liquids should be applied frequently. Thus application of antistruvite liquid 
needs to gain acceptance of toilet users.

The research leading to these results has received funding from the European Union´s Seventh 
Framework Programme managed by REA-Research Executive Agency.The developed antistruvite 
liquids, polymeric materials and biofilter materials will be tested in dry toilets in France during 
year 2012. 

Keywords: struvite, odours, biocide material, antistruvite liquid, biofilter
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DRY TOILET TECHNOLOGY IMPLEMENTATION IN HO MUNICIPALITY OF GHANA:
A SOLUTION TO PIT LATRINE PROBLEMS

Paul Sewor, Elina Järvelä
Adaklu Anyigbe District Assembly 

(Ministry of Local Government and Rural Development), Ghana

Email: p.sewor@gmail.com 

Mechanism for sanitary waste management is poorly developed in the Ho Municipality of the 
Volta Region of Ghana. A situation which poses unfavourable consequences on human health, the  
environment, educational and economical performance and other associated activities. 

In the case of toilet facilities available, they are inadequate and are in the form of vault chambers, 
Kumasi Improved Ventilated Pit toilets (KVIP), Mozambique lined, Mozambique unlined, Samplat 
and Rectangular pit latrines provided by the Local government authority, the local communities 
themselves and Non Governmental Organizations (NGO’s).All of these have their pits below the 
ground level either lined with weep holes or unlined with all having opened bottoms. As a result, 
the liquid waste matter permeates the earth with high possibility of contaminating underground 
water sources. Additionally, in the rainy season surface runoff enters the pits, mixes with the pit 
materials, increases percolation rate and accelerates the contamination process and produces  
offensive odour that create unbearable usage inconvenience, which is a common feature. 

In 2009 North-South Local Government Cooperation Project launched an ecological sanitation 
project in Ho Municipality with an objective of introducing an environmental-friendly toilet  
facility to the area. Urine-diverting and composting dry toilet was constructed to two pilot schools. 
The objective of this work is to assess the performance of Dry Toilet as compared to the existing 
types of toilet models in the Ghana. Assessment was based on constructional convenience,  
patronage (acceptability), ease of usage, ease of maintenance, microbiological tests of underground 
and surface water bodies, environmental friendliness, user questionnaires, personal observations 
and laboratory tests.

The technology employed (seater) varies according to the enrolment of the school and is based on 
50 pupils to squat hole. The Urine Divert Dry Toilet technology design adopted encourages urine 
storage and excreta composting on-site reducing double handling of human waste.

The results indicated that Dry Toilet was easier to construct as compare to the pit latrines, because 
of the absence of the added expensive task of excavation in stable and unstable soils. The  
underground water table is also said to be erratic (During raining and dry season). The school  
communities in which the pilot Dry Toilets were located said they preferred it to the use of the  
other types of toilets because it is more convenient to use and clean and that it is without any  
attendant odour unlike the other types. The resent microbiological water analysis conducted in 
Ho Municipality at random showed the faecal contamination representing 56 % of the tested 
water sources, which also indicates the shortcomings in current toilet facilities and sanitation  
management.

The Urine Divert Dry Toilet technology is environmentally friendly, and free from the attendant 
problems of the pit latrines. Its introduction is therefore a solution to the problems of the pit  
latrines and must therefore be advocated in Ghana. 

Keywords: dry toilet technology, pit latrine, contamination, environmentally-friendly,  
percolates
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APPLYING	LIFE-CYCLE	ASSESSMENT	TO	ON-SITE	WASTEWATER	TREATMENT	PLANTS	
IN RURAL AREAS OF FINLAND

Lehtoranta, S. & Vilpas, Riikka (presenter)
Finnish Environment Institute

Email: riikka.vilpas@ymparisto.fi

In Finland, approximately one million people live in houses that are not connected to centralized 
sewer systems. A significant proportion of these will require improvements if they are to meet the 
requirements of the Government Decree on Treating Domestic Wastewater in Areas Outside Sewer 
Networks (209/2011), which sets minimum requirements for the wastewater treatment as well as 
the planning, construction, use, and maintenance of the treatment systems. 

There are dozens of on-site wastewater treatment applications on the market, and it is difficult to 
find reliable information for comparison of systems that is aimed at identifying the best solution 
available for each individual household. The aim of this study was to provide information to  
consumers, manufacturers and public authorities by increasing knowledge of the real  
environmental effects of different on-site systems. Life-cycle assessment (LCA) was carried out  
in order to compare the climate change and freshwater eutrophication impacts of on-site treatment 
systems. 

Six alternatives were chosen for comparison: 1) sequencing batch reactor (SBR), 2) biofilter, 3) soil 
infiltration, 4) buried sand filter, 5) holding tank for black water and soil infiltration for gray water, 
and 6) dry toilet with graywater treatment (soil infiltration A) or prefabricated gray-water filter B)). 
In the last two systems listed, gray and black water were sewered separately. The alternatives chosen 
represent average products on the market, not any particular commercial products.   

The functional unit was defined to be one year’s use of an on-site system functioning according 
to the requirements set forth in the On-site Decree. Calculations were made for on-site systems  
dimensioned for five persons but with three-person occupancy with 85% annual use.  

The results show a great deal of variety among on-site systems. The dry toilet combined with  
gray-water treatment had the least impact in the both impact categories examined, and package 
plants the highest. 

The overall environmental impact of the on-site systems could be reduced if the sludge were  
composted or otherwise handled on the property or nearby, instead of being delivered to the  
municipal wastewater treatment plant (WWTP). From the sludge treatment at the municipal 
WWTP, effluent is discharged directly to the water system and is likely to cause a greater  
eutrophication impact than when treated in the on-site systems. Also, the transportation of sludge 
to the municipal WWTP caused a significant part of the carbon footprint of onsite systems.  
Therefore, in many cases, on-site system could be a better option than connecting a household to a 
sewer network, provided that the on-site systems work properly and are maintained appropriately. 
Which is the optimal on-site system for any specific property is strongly dependent on the local 
conditions; therefore, adequate guidance definitely is needed. 

Keywords: wastewater treatment, on-site wastewater treatment, life-cycle assessment, freshwa-
ter eutrophication, climate change
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DRY TOILETS – DRIVERS FOR COMMUNITY PARTICIPATION: 
EXPERIENCES DRAWN FROM SWAZILAND AND ZAMBIA

Emmanuel Mutamba
Green Living Movement (GLM), Zambia

 Email: mutamba@ymail.com

The concept of dry sanitation or dry toilets is relatively new in Africa. It does not only create a 
challenge of change due to the conservative nature of the African society but also confronts long 
held cultural norms and beliefs. It calls on a society that prides itself in rich traditions of dos and 
don’ts to embrace a ‘culturally unpopular’ concept on the basis of its sanitary, environmental and 
economic benefits. 

The need for decent and sustainable sanitation facilities cuts across many economically weak rural 
communities and densely populated settlements in Africa. Proper sanitation is even more desirable 
today due to overcrowding due as a result of growing populations and the failure by many poor 
African states to provide social services to their citizens. The effects of climate change will not make 
things any better. The crowded settlements which bear the blunt end of floods will increasingly 
become regular customers of epidemics associated with poor sanitation such as cholera, dysentery 
and typhoid.

The flip-side of things is the challenge of food insecurity that Africa has grappled with for many 
years. Even the years of the agrarian revolution did not adequately deal with the challenge. One 
argument here is that Africa can feed itself and bring about economic prosperity for its millions of 
poverty stricken people if it can lower production costs in agriculture through use of cost-effective 
appropriate technologies. Does the dry toilet bring the answer? 

The Global Dry Toilets Association of Finland (GDTF) has supported sanitation projects in  
Zambia and Swaziland among many other countries. The Msunduza Dry Sanitation Project 
(MDSP) in Swaziland and Sustainable Sanitation Improvement Project (SSIP) in Zambia are being  
implemented in crowded settlements, namely; Msunduza in Swaziland and Madimba in Zambia. 
The other project in Zambia; Zambia Sanitation Project (ZASP) is being implemented in a rural 
area.

This presentation interrogates social and economic factors or whether indeed there are other 
benefits which influence communities and individuals to participate or not to participate in dry  
toilets projects. It also makes comparative analysis of the challenges related thereto between 
rural and urban situations and experiences. It further touches on the approaches used in the  
implementation of the projects, thereby providing a basis for appreciating what works and what 
doesn’t. It also attempts to enrich the knowledge on the dynamics and the pros and cons of  
participation versus economic benefits.

The presentation is based on the learning and experiences drawn from evaluations of the GDTF 
sanitation projects in Swaziland and Zambia.

Keywords: participation, culture, sustainability, economic, benefits
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SOCIO-ECONOMIC	FACTORS	AFFECTING	THE	ADOPTION	OF
ECOLOGICAL SANITATION APPROACH IN BENIN

Hector Kpangon, S.H., Biaou, G.
CREPA, Benin

Email: kpangonhector@gmail.com

Since 2002, WSA-BENIN has introduced ecological sanitation (EcoSan) approach in Beninese 
communities. The purpose of this paper is to identify the factors which influence the adoption 
of EcoSan approach. Socio-economic investigations were carried out using a questionnaire  
addressed to a random sample of 268 heads of households who benefit from EcoSan facilities or not, 
who use EcoSan fertilizers or not. The heads of household are chosen from a random sample of 15  
villages selected among those which are implied in the project as well as those surrounding the firsts 
but not implied in the project. Data are collected mainly on the socio-economic characteristics of 
households, the institutional and physical factors, and on the perceptions of heads of households 
about EcoSan approach. These data were analyzed with descriptive statistics. The adoption decision 
is modeled following Saha et al. (1994) and Dimara and Skuras (2003) who stated that people 
can only adopt a technology if they are aware of it. Once an information threshold is crossed the  
adoption decision becomes relevant. Probit model is used to estimate Ecosan approach’s adoption 
equation according to the procedure suggested by Heckman (1979) to avoid selection bias.  
According to Heckman (1979), we obtain the Probit estimate from the Probit selection equation in 
order to estimate the so-called inverse mills ratio (IMR). As a second step, we add the IMR in the 
Ecosan approach’s adoption equation and we obtain the estimates. 

The results show that the sample is characterized by a majority of men (83%). Only 33% has received 
a formal education. The main activity of the heads of households is still agriculture (48%). Some of 
them do business (10%) and craft industry (18%). About perceptions, more than 50% of the sample 
thinks that consumers won’t have a reticence relate crop fertilized with Ecosan fertilizers. But they 
all accept that the necessity to mix urine with water is a constraint. They all think also that excreta 
are as rich in nutrient as mineral fertilizers.  Six variables appeared determinant in the probability 
of adoption of the EcoSan approach. These variables are: access to credit, perception about initial 
 investment cost of the EcoSan technology, perception about easiness of the use of the EcoSan  
facilities, perception about the competitiveness of the EcoSan fertilizers in comparison with the 
mineral fertilizers, age and level of education. The analysis with Likelihood-Ratio test showed also 
that the information source influences the adoption of the EcoSan approach. The results revealed 
a difference in term of behavior of adoption of the EcoSan approach between people who are  
informed by the agents of dissemination and those who are informed by the endogenous hygiene 
committees. The households are more convinced by the dissemination agents of WSA than hygiene 
committees composed of endogenous agents.  

The recommendations suggested by the findings are: to set up a policy of adapted credit and to  
continue the experimentation of sensitization by village hygiene committees whose capaci-
ties should be reinforced for more effective influence on communities’ perception of the EcoSan  
approach.

Keywords: ecological sanitation, adoption, information source
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DRIVING ECOLOGICAL SANITATION FROM WITHIN:
A COOPERATIVE BUSINESS MODEL FOR CENTRAL APPALACHIA, USA

Irene DeLuna, Christopher Porter, Ola Stedje Hanserud (presenter)
Forestry Associate, Marketing and Development

Mountain Association for Community Economic Development (MACED)
Email: ideluna@maced.org

The social and economic challenges of the Central Appalachian region of the United States are 
intimately intertwined with the natural landscape of the region. The resource rich mountain range 
has left Appalachia largely dominated by natural resource extractive industries that degrade the  
environment and leave little wealth for local communities. The geological composition of Appalachia 
presents a challenge for the development of basic infrastructure such as roads, technology, and  
access to health care. The rocky terrain and isolated mountain hollows also make it difficult to build 
cost-effective technologies for water and sewer infrastructure, which are essential building blocks 
for a healthy economy and good standard of living. As a result, persistent poverty, joblessness and a 
lack of meaningful economic opportunities limit and make more difficult the development of new 
ideas. 

With nearly 50% of households relying on onsite toilet systems that often leak or directly contaminate 
 waterways, there is a great opportunity for ecological sanitation (ecosan) to be introduced as a 
viable alternative that protects water resources, captures valuable nutrients, and directly addresses 
the need for basic sanitation infrastructure. The major barrier for introducing ecological sanitation 
in the region is public perception. Due to the history of abuse by external, extractive companies and 
industries, there is a resistance to ideas from the outside. For ecosan to succeed, it must be promoted 
 from within the community and demonstrate that it can bring economic value to the region. 

The aim of this paper is to outline an approach that draws on the cultural dynamics of the  
region and the need for economic opportunities to drive the use of ecosan in Central Appalachia. 
The approach uses a regional cooperative business model that creates local jobs and local  
ownership with the support of a larger network and brand. Appalachia has a long history of  
cooperatives, as the “self-help” and “self-responsibility” values of the cooperative model (US  
Federation of Worker Cooperatives) are inherent characteristics of Appalachian culture. 
Ecosan has greater potential for success under a cooperative business model because it mirrors 
those same values, turning community liabilities into assets and requiring local operation and  
community-based promotion to succeed.

The cooperative business model approach relies on four main strategies for implementation: 

1. Develop a network of locally-based ecosan entrepreneurs throughout the region through 
    outreach, trainings and workshops. 
2. Work with this network of local leaders to set up the regional cooperative business structure 
    and obtain local permits for operation.
3. Support each branch to establish commercial composting and toilet manufacturing facilities,  
    including mobile toilet solutions. 
4. Market ecosan toilets and services within their communities and surrounding areas through 
    the regional brand.

Keywords: sustainable development, cooperative model, ecosan
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GOOD SHIT? HOUSEHOLD EFFECTS OF ECOLOGICAL SANITATION IN MALI

Jan Pettersson & Johan Wikström (presenter)
Uppsala University, Sweden

Email: johan.wikstrom@hotmail.com, jan.pettersson@nek.uu.se

In large parts of the world, the lack of proper sanitation entails disastrous health effects which to 
a large extent could be prevented by available, context adapted, sanitation facilities. Bad sanitation 
is also wasteful. Human excrements contain the most important nutrients necessary for plants to 
grow and tend to end up in rivers, leading to eutrophication, instead of being used productively.

This paper analyses the potential economic household gains from installation of one type of urine 
separating latrines, ecological sanitation. Apart from providing adequate sanitation, ecological  
sanitation (EcoSan) aims at recycling nutrients by providing human fertilizer. For farming  
households, the use of human fertilizer may imply either a decrease in the use of artificial  
fertilizers (improving the household’s economy through lower expenditures) or an increase in the 
total amount of fertilizer (improving soil quality and hence increasing agricultural yields). 

We study a project in Mali where we collected demographic, economic and farming data from 
618 households, of which 155 benefitted from the construction of a latrine. We also measured the  
nutrient content of human fertilizer in a selected sample of beneficiaries.

Together with results from previous studies on the relation between protein intake and nutrient 
content, we calculate the potential value of human fertilizer by the average household in our sample 
to around 30 per cent of the use of artificial fertilizer.

Applying (propensity score) matching methods, controlling for household characteristics, we  
analyze the effect on a number of outcome variables ranging from the value of average crop yields 
and yields of specific crops to the use of artificial fertilizer.

We find a small and statistically unreliable effect on average agricultural yields although the effect 
varies between specific crops. Our results also suggest that households with an EcoSan solution 
substitute artificial fertilizer with human fertilizer at around 10 to 15 per cent of the average  
household use of artificial fertilizers.

While our results indicate that the household economic gain from the use of ecological sanitation 
may be somewhat limited, implying small economic household incentives for investing in such  
solutions, we do not account for health effects at the household or community level. We further 
argue that the relevant comparison when contemplating the construction of ecological latrines is 
not the status quo of inadequate latrines or open defecation but rather other sanitary solutions. 
The scope for ecological sanitation will hence be larger when there are no other forms of sanitation 
already in place.

Keywords: ecological sanitation, productivity in agriculture, matching methods
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THE PROBLEM AND PERSPECTIVES OF THE ECOSANITATION TECHNOLOGIES IN UKRAINE: 
PRACTICAL ASPECTS

Yuliya Berezhna 
NGO Mama-86-Poltava, Ukraine

Email: julia01berezhna@yandex.ru

According to the official statistic in Ukraine only 3% of rural areas have sewerage system and 22% 
of rural areas have water supplying system. Usually rural population takes water from private wells 
and use pit latrines. The situation with dinking water quality demonstrates high level of nitrate  
contamination (in 3-10 times more then norms) in 70% of wells in rural areas of Ukraine. In this 
case the problem of sanitation and hygiene among rural population became obvious. 

NGO Mama-86 started its activity on water issue more then 10 years ago. Studying the situation 
in rural areas NGO Mama-86 came to realize that one of the main reasons of well’s nitrate  
contamination is ground water pollution from pit latrines. It was concluded that the supplying of 
safe drinking water for rural population depends directly on solving local problems with sewage  
system providing. Ecosanitation are new environmentally friendly, economically affordable, effective 
and reliable technology which propose safe disposal (without water) of waste by recycling nutrients 
contained in them.

The presentation of ecosanitation technologies in Ukraine was connected with building of the 
first ecotoilet for rural school in v.Gozhylu in Poltava region in 2004. For the last years a set of  
projects on ecosanitation issue were realized. As a result – 63 private and 5 school toilets were built 
in 10 regions of Ukraine. From 2009 NGO Mama-86 involved in the process of legal framework  
development for the ecosanitation technologies in Ukraine.

During project activity on ecosanitation issue NGO Mama-86 with potential beneficiaries of 
the projects came to realize that full ecological effect from the ecosan-technology have to be in  
complex with agriculture. Using eco-toilet materials (fecal mass and urine) like fertilizer could  
increase ecological effect and decrease chemical contamination of the agricultural products. It 
demonstrate few “organic households” in Poltava region, which started from ecotoilets like solving 
of sanitation problem and came to the organic agriculture. Today these households well known 
as producers of safe and useful agricultural products. Being demonstrative model of the  
ecosanitation technologies “organic households” promote this ideas among local population – more 
and more people became involved in ecosanitation. If speak about sustainability - we can conclude, 
that all aspects economically (low cost ecotoilet building), socially (access to safe water, products and  
sanitation) and ecological (save natural resources) are presented in ecosanitation technologies.

At the same time we can conclude about some treatments of the ecosanitation development 
in Ukraine like low consumer awareness of environmental, economic and social benefits  
ecosanitation technologies, widespread use and promotion of bio-toilets (septic tanks) in public 
places and in suburban areas, lack of governmental promotion as alternative for pit latrines 
and lack of legislation base for ecosanitation technologies. To solve this aspects it is needed to  
continue promote and demonstrate ecosanitation technologies involving business, authority and  
international experts. 

Keywords: ecotoilet, ecosanitation, organic agriculture, nitrate contamination, rural areas
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DEMONSTRATING SOLAR SANITATION AS A MEANS FOR AFFORDABLE FECAL WASTE TREATMENT 

FROM DRY TOILETS

Mr. Andrew M. Foote and Ms. Emily Woods
Sanivation, USA

Email: Andrew.foote@sanivation.com

One of the drivers for ecological toilets is ensuring adequate waste decontamination and in  
particular inactivating helminth. By concentrating solar energy and reaching pathogen  
inactivation temperatures (50°C and higher), a solar concentrator, has the potential to inactivate 
helminths in fecal matter. The goal of this work was to evaluate the efficacy of a solar concentrator 
in inactivating helminth in fecal matter and meet World Health Organization (WHO) guidelines 
for safe disposal and reuse of fecal matter. Inactivation was assessed by evaluating the viability of 
Toxocara canis eggs. T. canis is a helminth in the same taxonomic order as Ascaris lumbricoides, 
which is a WHO indicator for safe fecal disposal and reuse. Three trials were conducted from 
December 2011 through February 2012 in Santiago, Chile. The first two trials evaluated T. canis 
viability daily. To calculate the inactivation rate for the solar concentrator unit, the third trial  
evaluated T. canis viability hourly. In each trial, T. canis eggs were isolated from canine fecal matter, 
concentrated, placed in semi-permeable tea bags (1,500 eggs each) and inoculated into 40 liters of 
fresh canine fecal matter. T. canis eggs were inoculated into two control conditions: indoors in the 
dark and in a mimic pit latrine. At the end of each trial, eggs were incubated and classified as viable 
if they contained a motile larva. In all 3 trials, temperatures reached 60°C at the center and 70°C at 
the edges of the solar concentrator for at least 4 hours daily. During all three trials, after one day in 
the solar concentrator, the die-off of eggs was greater than 99%. In the third trial, the inactivation 
rate was 0.67 Log10 eggs/hr and there was 99% inactivation after 4 hours. These results  suggest that 
a solar concentrating unit can be used to rapidly inactivate helminths in fecal matter, and therefore, 
fecal matter treated by a solar concentrator can be safely disposed and reused on edible crops.

The solar concentrator unit costs less than $350 per system, can continuously treat the fecal  
matter of 100 people and has a lifetime of over 15 years. This means that the capital costs for proper 
fecal waste treatment are less than $0.0064 per person per day and one fifth of current solutions 
on the market. Sanivation has sold this product Un Techo Para Chile and implemented with a 
novel urine diverting toilet with solar dehydration system. Users ranked the toilet experience as 
comfortable as flush toilets and Sanivation trained Un Techo Para Chile to operate and maintain 
 the waste treatment system. The ease of operation and cost-effectiveness of solar sanitation  
allows Sanivation to provide a complete service model for toilets. Sanivation plans on piloting the 
model to customers in Ghana, Kenya, Uganda or India. The service would include a urine diversion 
dry toilet rental, cleaning, waste collection, treatment and reuse. The price for the service model 
would be competitive with current community toilets at $0.05 per use. With this service model,  
Sanivation will be able to provide improved sanitation at market incentivized rates and breakeven 
at 2,000 households. A service model for toilets will disrupt the sanitation market and shift the 
focus from toilet provision to toilet use. Solar sanitation has the potential to be an enabler for  
ecological toilets by allowing industry to service toilets and treat fecal matter from dry toilets at 
cost-effective rates. 

Keywords: fecal waste treatment, solar sanitation, sanitation as a business, service model,  
disease transmission



TOPIC 3  

ECONOMY, PROFITABILITY AND MARKETING

68

FAECAL	SLUDGE	DISPOSAL	IN	COASTAL	YENAGOA	(NIGER	DELTA	REGION,	NIGERIA):

A CASE FOR BUSINESS OPPORTUNITIES AND PROMOTION OF DRY TOILETS

Sridhar K. C. Mynepalli, Elizabeth Oloruntoba, Achenyo Idachaba,  
Bolanle Wahab and Glory Richard

College of Health Sciences, Niger Delta University, Nigeria
Email: mkcsridhar@yahoo.com

In Nigerian coastal cities, inadequate collection and disposal of faecal sludge has become a  
major source of ground and surface water pollution, with significant negative environmental,  
public health, social and economic impacts. The problem is more conspicuous in Bayelsa State 
which is characterized by poor sanitary practices, low level of technology adoption, heavy rainfall 
with floods, high water table and the sea level above the region’s landscape. A study was carried out 
in Yenagoa (Epi-Atisa Local Government Area), the State capital with a population of over 399,963 
(households  80,565), on the type of toilets, faecal sludge collection, transportation and disposal 
practices and peoples’ perceptions and aspirations on better sanitation system resource utilization.

The study was cross-sectional and used a multi-stage stratified sampling technique selecting 264 
households (from 10 Districts) for questionnaire survey cutting across high, medium and low  
socio-economic areas. Yenagoa city was stratified into municipal and rural local governments  
followed by stratification into administrative/political districts/wards/localities as clearly identified 
by the State government. In the third stage houses were samples randomly for data collection. The 
occupancy rate in each house was 5 and the eldest resident was interviewed. In addition, faecal 
sludge handlers and managers, community leaders and government officials were involved in the 
Focus Group and in-depth interviews. A checklist was used for physical observations of quality of 
life. Four mechanical and one manual faecal sludge emptier were interviewed to document their 
business ventures, opportunities and constraints.

In Yenagoa, 36% of the households have on-site sanitation. Stilt toilets on rivers are used by a  
substantial proportion. Some 35.9% of the toilets were improved toilets (Septic tanks 89.0%, and 
pit/VIP latrines 11.0%). The frequency of emptying pit latrines varied: 2-4 times/year (507 or 7.1%), 
once a year (1,365 or 42.9%), and once in two years (398 or 21.1%). A typical septic tank holds 
14m3 and a pit 10m3 of sludge. Total amount of faecal sludge generated / emptied was 218,022m3/
year. Some 15,631 household trips are made by mechanical (70%) and manual emptiers (30%). The 
evacuation of the faecal sludge generated in the city requires 14 trucks (operating 4 times/day). The 
sludge is disposed off with no treatment into a swap 25Km away from city thus wasting a resource. 

Faecal sludge management is a lucrative business in the city with facility provision, collection,  
transportation, treatment of the sludge, and byproduct utilization in the form of biogas or fertilizer 
production. Currently, the services are inadequate, inappropriate and limited to facility construction 
and evacuation only, which are generating limited revenue to private operators and the  
government. The respondents were not satisfied with the present methods in their communities 
due to Poor management, non-availability of alternate methods, long distances from the residential 
location, and the need for frequent evacuation. The communities are willing to adopt new  
technologies if they benefit them. Since most of the communities are agriculture based, the authors 
recommend promotion of dry or composting toilets together with the option of converting faecal 
sludge into biogas and compost. 

Keywords: faecal sludge, Niger Delta, toilets, sanitation, communities
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Keynote presentation

HUMAN URINE AN ALTERNATIVE TO CHEMICAL FERTILIZERS IN CROP PRODUCTION

Dr. C. A. Srinivasamurthy, Mr. Mukund Joshi, Dr. G. Sridevi, Mr. H. Yogeeshappa,  
and Mr. Vishwanath, S.

Department of Soil Science and Agricultural Chemistry
University of Agricultural Sciences, India

Email: casmurthy@yahoo.com

Research work was carried out for 5 years with the objectives of (a) characterization of liquid 
waste (human urine) for its nutrients potential, (b) agronomic evaluation of anthropogenic liquid 
waste for crop production and its impact on yield and quality of crops, (c) to study the short and  
long-term impact of anthropogenic liquid waste on soil properties and (d) to work out cost  
economics of use of anthropogenic liquid waste for crop production.

The research work consisted of (a) characterization of human urine-from persons of different 
age group and from vegetarian and non vegetarian diet category. (b) six field experiments with  
french-bean, finger millet, field bean, tomato, brinjal and bhendi as test crops conducted at  
university farm at Bangalore, India with 10 treatment combinations during first year (2009-10)  
to assess the fertilizer value of human urine, continuation of experiments during second year 
(2010-11), in the same experimental plots with aerobic rice, finger millet, maize, cow pea, soybean 
and field bean as test crops and during third year (2011-12) experiments in two experimental plots 
with cluster beans and marigold as test crops. (c) Fertigation studies on tomato with 10 treatment 
combinations (d) Experiment conducted on a farmers field near Bangalore India with ash gourd, 
French bean, pole bean and pumpkin were grown as test crops in the same plot in succession with 
14 different treatments. The changes in properties of soil due to application of human urine with 
and with out farm yard manure, fertilizers and gypsum was assessed.  Also the effect of different 
treatment combinations on growth and yield of crops was recorded.

The concentration of nitrogen in human urine varied from 0.21 to 0.43 per cent, phosphorus  
concentration varied from 0.17 to 0.26 per cent and the potassium content varied from 0.12 to 0.23 
per cent. The nutrient content of human urine collected from persons of different age group of non-
vegetarian diet was slightly higher compared to urine from persons of vegetarian diet.

In the field experiment conducted at the University farm during 2009-10, the yield of all the six 
crops (french bean, finger millet, field bean, tomato, brinjal and bhendi) was significantly higher 
in treatment receiving human urine+ FYM followed by human urine alone and cattle urine alone. 
The yield of crops in human urine applied plots was appreciably higher compared to fertilizer  
applied plots. 

In the experiments conducted in the same fields during 2010-11 also, similar trend of results were 
obtained. Treatment receiving human urine + FYM recorded the highest yield of all the six crops 
(aerobic rice, finger millet, maize, cowpea, soybean and field bean) followed by human urine alone 
compared to treatments receiving fertilizers.
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In the experiments conducted during 2011-12 also, highest yield of cluster bean and marigold 
crops was recorded in treatment receiving 40% rec. N through FYM as basal+60% N through  
human urine in 3 splits doses followed by human urine alone and cattle urine alone. 

The pH and salt content of the soils after harvest of crops was found to be within the permissible 
limits while there was a slight increase in the organic carbon content of soils. The available N, P and 
K content of soils was found to increase appreciably in treatments receiving human urine + FYM 
and human urine alone compared to treatment receiving cattle urine and control.

In the fertigation studies on tomato, fresh fruit yield recorded was highest in treatment receiving 
recommended N through jeevamrutha followed by treatment receiving rec. N through human 
urine and cattle urine. Rec. doses of fertilizers applied to soil recorded lowest yield.

In the experiment on farmers field, ash gourd fruit yield was significantly higher due to application  
of recommended dose of N through human urine plus gypsum in three split doses and it was 
on par with recommended dose of fertilizers. Application of farm yard manure alone recorded  
significantly lower yield. Similar trend of yield was observed in French bean, pole bean and pumpkin 
crops also. 

Keywords:  urine, fertilizer, ecosan
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DEVELOPMENT OF SYSTEM FOR WATERLESS COLLECTION OF HUMAN EXCRETA BY 
APPLICATION OF LACTIC ACID FERMENTATION PROCESS IN TERRA PRETA SANITATION 

SYSTEM

Asrat Mindachew Yemaneh, M. Bulbo, H. Factura, C. Buzie, R. Otterpohl
Institute of Wastewater Management and Water Protection, 

Hamburg University of Technology, Germany
Email: yemaneh@tuhh.de

In recent years there has been an increasing focus on technology development in sanitation which 
is safe and enabling more efficient and effective recovery of resources in human waste. Terra Preta 
Sanitation (TPS) system is one of such developments which is an alternative pathway in dry toilet 
sanitation based on two combined natural biological treatment processes: lactic acid fermentation 
(LAF) in toilet during collection and vermi-humification of lacto-fermented excreta offsite. In TPS 
system human excreta is treated and transformed to pathogen free humus which is rich in nutrients 
and organic matter. 

In this study detailed investigation of the LAF process is made with the objective of achieving 
odour suppression, pathogen reduction and conserving nutrients and organic matter during human  
excreta collection. Batch laboratory-scale experiments lasting three weeks are conducted in one liter  
fermentation reactors. Six strains of lactic acid bacteria (LAB) and effective microorganism (EM) 
are used as inoculum variants. Also variations in modes of human excreta collection are considered 
to simulate separate collection, combined collection and partially separate collection systems. The  
fermentation is monitored by measuring pH, lactic acid (LA) concentration, volatile fatty acids 
(VFA), total titrable acidity (TA), dry matter (DM), volatile solids (VS) and faecal coliforms (FC). 

During fermentation of separately collected faecal matter, for all treatments with the different  
inoculums variants and 10% (w/w) molasses as sugar supplement, there is a reduction in pH, from 
initial 5.5 to less than 4 in five days which stayed nearly constant for the rest of the fermentation  
period. Also increase in LA concentration, increase in TA and decrease in VFA production are  
observed with insignificant differences among the different inoculum variants. No significant 
dry matter and volatile solids change occurred during the three week fermentation period for all  
treatments. Faecal odour is completely suppressed and is replaced by sour smell which is rated as 
acceptable according to the odor panel established for sensory evaluation. No FC is detected after 
one week, which is considered as indicator for hygienization of human excreta. For LAF experiments 
simulating combined collection there are significant differences for the monitored parameters among 
the different inoculum variants and only two LAB strains performed well towards the desired effects. 
Experiments simulating partial collection mode showed similar pH reduction trend and comparable 
result for changes in other parameters to the experiments that simulate only faecal matter collection. 

The results of the experiments show that LAF can be applied, in suitably designed toilets, for  
collection of human excreta suppressing faecal odor effectively. The LAF process also helps to achieve  
significant pathogen reduction during collection. Possibility of application in partially separate  
collection mode will enable using toilet with only one inlet avoiding complexity associated with  
constructing and operating urine diversion toilets which are considered as models for dry toilet  
sanitation option in most developing countries, also helping expansion of dry toilet sanitation to 
urban settings. Further research focusing on field-scale investigations with full nutrient and  
pathogen mapping of the whole system will be conducted.

Keywords: terra preta sanitation, human excreta, lactic acid fermentation, inoculum 
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INVESTING IN PEOPLE – “PROMOTING ECOLOGICAL SANITATION AND ORGANIC 
FERTILIZERS”	FOR	PRODUCTIVE	SANITATION	(FOOD	SECURITY)	AND	ENERGY	SAVING	IN	

VULNERABLE COMMUNITIES OF NEPAL

Chhabi Lal Goudel
Rural Water Supply and Sanitation Project in Western Nepal, Nepal-Finland Cooperation

Email: cgoudel@gmail.com

Finnish-Nepali government bilateral development co-operation project RWSSP-WN has been  
implemented since 2008 in 51 VDC´s (Village Development Committees) of nine districts.  
Hygiene and sanitation is one of the project components and the project decided to pilot an approach  
“Community Led Total Behaviour Change (TBC) in Hygiene and Sanitation” CLTBCHS in these 
VDC´s. In this approach local bodies are facilitated and local people are trained to ignite and  
trigger people to build toilets and change their hygienic behaviour with Small Doable Actions 
(SDA) in hygiene and sanitation. Nine Districts, 51 VDCs and 553 community level structures 
and systems have been mobilized/established for the purpose. In total 6300 community level  
triggers (49% female) have been trained out of the population of 330,000 in 56,000 households in 
the project VDC´s. Ecological sanitation, organic fertilizer promotion and nutrition activities are 
also implemented. Furthermore community coaching has been doing for Agriculture products, 
Ecological sanitation (use of animal and human urine and shit as organic fertilizer), composting of 
waste products. 

An integrated community led ecological sanitation and sustainable livelihoods activities has 
been implemented which helps to mitigate the diverse pressures on the unique Agriculture  
Ecosystem, and help to ensure that the livelihood needs of local community members are adequately 
addressed—both through the development of improved agriculture and environmental  
management practices. The ecological sanitation promotes the agricultural products, creates  
hygienic and sanitized community and improved the livelihood of the people. Animal and human 
urine has high nitrogen, phosphorus and potash value. 

Research shows that the result of use of urine gives agriculture production  four times more than 
use of  chemical fertilizer (imported urea) . The experience tells that each VDC of Nepal is spending 
money Rs. 500,000 ( i.e  in average 10 kg/HH x 50 = 500 x  1000 HHs = 500,000) to buy chemical 
fertiliser. If we calculate this figure for 3915 VDCs , the amount will be Rs. 195,750,0000 .00 . If 
we could save this money by promoting  ecological sanitation and organic fertiser it will help to  
reduce poverty in Nepal. The poor and disadvantageous people will be benefited through the  
organic production process. Thus the project have contributed to address poverty reduction, 
land improvement, agricultural improvement, income generation, gender equality, and health  
improvement in Nepal. 

As a result, it is assumed that the hygiene & sanitation situation  and  food security and energy  
saving within the project working area has greatly improved resulting into a reduction in  morbidity 
and mortality of hygiene and sanitation related diseases  and the economic cost  (USD 8000000.00  
) of  hygiene and sanitation-related diseases per year . In particular, Project have resolved to 
spend for triggering communities to stop the practice of open defecation through reinforcing the  
critical message that open defecation affects Human health, Human economy, Human Rights and 
the environment. The lesion learnt from this approach can be replicated in other districts aiming to 
overcome from the 43% sanitation coverage and poverty in Nepal.

Keywords: ecological sanitation, organic fertiliser, hygiene, behaviour change, small doable  
actions
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PRELIMINARY	STUDY	ON	URINE-COMPOST	EXTRACT	AS	BIO-LIQUID	FERTILISER	FOR	
HYDROPONICS

Krisanavej Songthanasak, C. Klongtroujrok, Y. Swattdipat,  
S. Sumphunprateep and T. Lawchod

King Mongkut’s University of Technology North Bangkok, Thailand
Email: krisproject@gmail.com

This work studied on the feasibility on the application of the urine-compost extract as bio-liquid 
fertiliser for hydroponics. The experiment was divided into two parts: the first part was to produce 
the compost and compost extract, and the second part was to use the compost extract as liquid  
fertiliser for hydroponics. The compost experiment was to use 34 L-reactor for composting and 
corncob-urine was used as materials. The studied parameters for compost were temperature,  
moisture content, volatile solid content, pH, electrical conductivity, total nitrogen, total phosphorous, 
total potassium and carbon to nitrogen ratio and the studied parameters for compost extract were 
total nitrogen, total phosphorous, and total potassium. The hydroponics experiment was used  
Nutrient Film Technique (NFT) for comparing between the chemical liquid fertiliser and bio- 
liquid fertilizer (compost extract) and Lactuca sativa var.crispa L. (Red Oak and Butter Head) were 
chosen as vegetables for hydroponics. The studied parameters were key plant nutrients (nitrogen, 
phosphorous and potassium) and heavy metals (lead, cadmium, chromium), and the vegetable 
characteristics (root length, number of leaves, fresh weight, and dry weight) were also studied. 

The first experiment results found that temperature, moisture content, volatile solid contents, pH, 
electrical conductivity, total nitrogen, total phosphorous, total potassium and carbon to nitrogen 
ratio were 52.6 oC, 63.69-74.14 %, 42.85-68.78 %, 4.08-7.79, 925.66-1566.66 μS/cm, 3.70 %, 
0.058 %, 1.105 % and 40.23-9.91, respectively, while, the compost extract results found that total  
nitrogen, total phosphorous, and total potassium were 3.14, 0.044, and 0.81 %, respectively. The 
second experiment results found that total nitrogen, total phosphorous, and total potassium 
were 0.028, 0.034; 0.021, 0.004; and 0012, 0.011 % of  the bio-liquid and chemical liquid fertiliser,  
respectively. The results of heavy metal in the bio-liquid and chemical liquid fertiliser were 0.000, 
0.000; 0.027, 0.000; 0.000, 4.67 mg/l. The vegetable characteristics result showed that Butter Head 
and Red Oak using the bio-liquid and chemical liquid fertiliser; in term of root lengths were 15.22, 
21.30 and 9.66, 26.10 cm., respectively; in term of number of leaves were 15.00, 16.00 and 13.00 
and 18.00, respectively; in term of fresh weights were 36.20, 45.60 and 25.00, 37.10, respectively; 
in term of dry weights were 1.79, 2.02 and 1.29, 1.89, respectively.  It concluded that the bio-liquid 
fertiliser had similar the key nutrient plants to the chemical liquid fertiliser and the heavy metals in 
the bio-liquid fertiliser was less. While the most vegetable characteristic from bio-liquid fertilizer 
were less than ones from chemical liquid fertiliser, except the number of leaves were similar. Thus, 
the bio-liquid fertiliser can use as the liquid fertiliser for hydroponics and the compost extract 
quality will be improved.    

Keywords: urine, compost extract, bio-liquid fertiliser, hydroponics
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HUMAN URINE AS FERTILIZER: FEASIBILITY STUDY OF USE IN CORN AND LETTUCE 
CULTIVATION IN A UNIVERSITY CAMPUS IN BRAZIL

Mariana Cardoso Chrispim and Marcelo Antunes Nolasco
University of Sao Paulo (USP), Brazil

Email: mariana_chrispim@hotmail.com, mnolasco@usp.br

Ecological Sanitation is a concept widely used and aims to prevent and reduce water pollution; to 
extend access to sanitation services; and to safely reuse urine and faeces in agriculture. Considering 
 this approach, the study had the objectives: to evaluate the use of human urine as fertilizer for 
corn (Zea mays L.) and lettuce (Lactuca sativa L.) cultivation; to analyze the effects of urine  
fertilizer in soil and in plants, based in the comparison of fertilized and non-fertilized plants. The trial  
consisted of plantation of these species in small scale (in flower pots). There were three treatments 
for corn cultivation and four treatments to lettuce, each treatment received different application rate 
of urine, one of them was control. Rates were based on recommendations of nitrogen fertilization 
by Brazilian Agricultural Research Agency-EMBRAPA, Campinas Agronomic Institute and based 
on practical scientific literature. Urine was obtained from a waterless urinal installed in a male 
bathroom of university campus of School of Arts, Sciences and Humanities, in São Paulo, Brazil. 
 To monitoring the effects in soil, it was made physicochemical analysis of soil such as: organic  
matter content, nitrogen content, phosphorus, potassium, calcium, magnesium, sulphur, Aluminium  
+ Hydrogen, Sum of bases, Cation exchange capacity, base saturation, and micronutrients. The 
measurements were done before and after cultivation, pH and soil electrical conductivity were 
measured throughout all cultivation period. The plants development was measured by root weight, 
leaf area and dry weight of plant aerial parts (for the corn). For lettuce it was measured: root length 
and fresh weight of plant aerial parts. After data capture, it was made data analysis of variance. 

Results of corn experiment showed that the treatment which received the highest urine  
concentration had a better growth and development, with higher number of leaves, height, 
leaf area, dry weight of plant aerial parts, root weight and ear of corn number. The second best  
treatment was with the solution with intermediary concentration of urine, and non-fertilized plants 
(tap water only) had poorest development. The results of lettuce cultivation showed that treatment 
fertilized with higher urine concentration showed higher values of root length, number of leaves 
and fresh weight of plant aerial parts. Soil analysis proved that fertilized soil had higher nutrients 
content than non-fertilized treatments. In both experiments, soil that received higher urine doses 
had highest electrical conductivity value and lowest pH value. We calculated a payback period  
considering replacement of all flush urinals of campus with waterless urinals. Payback study showed 
that investment would be payed in 10 months. We concluded that reuse of human urine demands 
easy maintenance and operation procedures and this technology reduces meaningfully water  
consumption in buildings, reduces output sewage, avoids water pollution and the product – urine 
– has shown a powerful potential fertilizer.

Keywords: ecosanitation, urine, waterless sanitary systems, crop fertilizer



TOPIC 4  

PRODUCTIVE SANITATION  

76

TOPIC 4, SESSION 2/3

PRODUCTIVE SANITATION  

Friday at 11.00 – 12.30 | Lecture Hall B (LS D 10 b)

Moustapha SENE was born in 1983 to Ndondol (Senegal), an rural 

community (composed by 16 villages) founded by his ancestors. After 

his Scientific Baccalaureate to the high school of Bambey (Senegal), 

he graduated to the Scientific Faculty (0ption physic and chemistry) of 

Cheikh Anta Diop University, Dakar. Engineer in water and sanitation 

to International Institute for Water and Environment (2iE) located to 

Ouagadougou (Burkina Faso), Mr SENE, is following his Doctoral Course 

at Hokkaido University, Japan. 

Natsuru YAMAUCHI was born in 1988 in Iwate (Japan). After his 

graduation of the Morioka Daisan high school (Japan), he graduated 

from Environmental engineering course in the School of Engineering 

of Hokkaido University, Sapporo (Japan). Mr YAMAUCHI, is following his 

Master’s Course at Hokkaido University, Japan. 

Nowaki Hijikata is post-doctoral fellow at Department of Environmental 

Engineering in Hokkaido University. After his graduation of agricultural 

Ph.D course in same university at 2010, He takes account of group leader 

about agricultural reuse of sanitary products from composting toilet and 

graywater treatment system in ”Ameli-Eaur” project in Burkina Faso. His 

professional area is plant nutrition and soil microbiology and his research 

interest is soil and water management for sustainable agriculture on 

tropic region.

Writers and speakers

Nadejda Andreev is currently a PhD student at Unesco-IHE Institute for Water Education, The 

Netherlands. Her research is related to terra preta production, its effect on corn production and 

soil quality and assessing the feasibility of TPN under the conditions of Moldova. Nadejda has 

10 years of research experience at Moldova Academy of Sciences and since 2004 is leading an 

NGO activity, dealing with development projects, including those related to water and sanitation.



TOPIC 4

PRODUCTIVE SANITATION  

77

EFFECT OF HUMAN URINE APPLICATION VOLUME IN KOMATSUNA GROWTH

Moustapha Sene, Nowaki Hijikata, Ken Ushijima, Naoyuki Funamizu
Department of Environmental Engineering, Hokkaido University, Japan

Email: taphsene@hotmail.com

Human urine contains large amount of nitrogen (N), phosphorus (P) and Potassium (K) and 
can be reuse in agriculture in order to substitute industrial fertilizer. Nevertheless urine contains 
some salts, pathogen and pharmaceuticals. Considered the salt issue, too much urine application 
has a potential to inhibit plant growth, since it may cause too much sodium and/or nitrogen  
accumulation in soil.  Therefore, the objectives of this study were to investigate the effect of human 
urine application volume in Komatsuna cultivation. 

Pot test was conducted in greenhouse using sandy soil (a) and sandy soil mixed with chaff  
charcoal compost (b) as media. Considered total nitrogen required to growth “Komatsuna” in 
(a) (140 mg/pot) and in (b) (28.3 mg/pot). Diluted (1/3) synthetic urine volume application was  
designed as V0 (34.8 mL/pot) for (a) and V0’ (7.0 mL/pot) for (b) in total 30 days cultivation, 
3 different urine treatments volumes and 1 modified Hoagland solution volume (same amount 
N with plant requirement), those defined as V0, 2V0, 3V0 and Vm-H were applied in different 
pots in (a). In similar manner V0, 2V0, 3V0, and Vm-H’ were applied in (b). Totally, 4 fertilizer  
treatments were set in each media and control (5 case/media). 50 experimental pots were used for 
10 treatments with 5 replications per condition. Then, plant weight, N concentration in shoot, root 
and soil were measured.

In shoot dry weight of (a), V0 (2.38±0.23 g), 2V0 (2.49±0.88 g), 3V0 (3.10.± 0.43 g) and Vm-H 
(2.71±0.33 g) had no significant difference but significantly higher than control (0.28±0.23 
g) (Turkey Kramer, p<0.05). In the case of (b), shoot dry weight values (V0’) 5.32±0.73, (2V0’) 
6.10±0.73,  (3V0’) 5.87±0.68 and (Vm-H’) 5.51±0.31 were in the same level but only (2V0’) was 
higher than  (control’) 4.92±0.44 g. Furthermore, N concentration in shoot in (a) were 42.45±2.33 
(V0), 63.75±6.22 (2V0), 80.40±1.83 (3V0), 31.74±2.43 (Vm-H) and 10.45±1.73 mg/g plant dry 
weight (control) and significantly different among them. Besides in (a), N reminded in soil after  
cultivation for the followed treatments V0, 2V0, Vm-H (0.16±0.02, 0.17±0.01, 014±0.02 mg/g plant 
dry weight, respectively) was in the same level and significantly lower than 3V0 (0.22±0.01 mg/g 
plant dry weight). Regarding the (b) case, N reminded in soil after cultivation for all treatment 
included was statistically in the same level. Moreover in (b), N uptake in shoot (V0’) 30.41±4.56, 
(2V0’) 31.57±1.47 and (3V0’) 34.41±3.88 mg/g plant dry weight were in the same level but  
significantly higher than Vm-H’ (22.29±1.89 mg/g plant dry weight).

From the results, we concluded that urine volume had no effect for Komatsuna growth. Moreover 
accumulation of N in soil was not observed. Perhaps, extra N and Na might be leached from the 
pot in our experimental system. Furthermore, urine volume affects N concentration of Komatsuna 
in soil (a) but not in soil (b). In soil (a) other nutrients (P or micronutrients likewise Fe, Zn, B and 
so on) probably supply by compost in soil (b), may limit Komatsuna growth.  

Keywords: human urine, different applications volume, modified Hoagland solution, agriculture
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A CONCEPT FOR A SUSTAINABLE SANITATION CHAIN BASED ON THE SEMI CENTRALISED 
PRODUCTION OF TERRA PRETA FOR MOLDOVA

 
Nadejda Andreev, María G. Álvarez, Claudia Wendland, Friedemann Klimek,  

Mariska Ronteltap, Piet Lens
UNESCO-IHE Institute for Water Education, the Netherlands

Email: n.andreev@unesco-ihe.org

In the context of sustainable sanitation, Terra Preta Sanitation, (TPS) arises as an alternative for 
improving management of source separated human excreta. The TPS concept was inspired from 
the Terra Preta soils (also called Amazonian dark earths) discovered in Amazon River basin. These 
Amazonian dark earths were created by pre-Columbian population through the application of  
biochar and organic waste, including human excreta. Terra preta sanitation can help to solve a  
number of issues in poor rural areas. Through TPS it is possible to recycle significant amount of human  
excreta and other types of bio-waste (such as food waste and animal manure), thus reducing  
environmental pollution and improving soil quality and crop productivity. The use of biochar in 
terra preta production contributes to carbon sequestration and global warming remediation. TPS 
can also create opportunities for establishing and promotion of local business cycle through a  
sanitation value chain from maintenance of toilets and the output clearance, transport and its use as 
a high-yield fertilizer and soil conditioner. Applied in an UDDT system, TPS technology involves 
different stages: collection of faeces and their activation with the addition of covering material  
(biochar, soil and microbial innoculum), lactic-acid fermentation and vermicomposting (Factura 
et al, 2010). Outputs from the TPS are a nutrient-rich “compost” with analogous properties to 
the Terra Preta soils. Research demonstrates that Terra Preta treatment is an effective mean to  
eliminate pathogens from manure (Scheinemann &Krüger, 2010).

Moldova is an east-european country with limited access to conventional sewerage system. The 
main form of sanitation in rural area is pit latrines, which pollute groundwater. Urine diverting 
dry toilets have been introduced in a number of localities from the North and Center of Moldova, 
at school and household level. This type of alternative sanitation is relatively well accepted by the 
local population, but the reuse practice is still lacking. Terra preta sanitation is a simple low cost  
technology, which reduces the smell, minimizes the risk of exposure to pathogens (limited  
handling is necessary) and contributes to high value soil improvers. By encouraging combined  
reuse of excreta and animal manure in TPS, a quicker acceptance of excreta reuse in rural areas 
would raise. In the full paper a review is made on TPS, based on literature study, and some  
possibilities for TPS applications at household and school level are described based on some  
preliminary research results. A concept is presented for semi-centralized terra preta nova production 
at schools with UDDTs from 5 villages from Nisporeni district of Moldova.  

Keywords: human excreta – urine diverting dry toilet (UDDT) –semi-centralized faeces  
collection-Terra Preta Sanitation
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EFFECT ON COMPOST MATURITY BY TYPE OF MATRIX AND LIME TREATMENT
AFTER REMOVAL FROM COMPOSTING TOILET

Natsuru Yamauchi, Nowaki Hijikata, Ken Ushijima, Naoyuki Funamizu
Department of Environmental Engineering, Hokkaido University

Email: yamauchi@ec.hokudai.ac.jp

Composting toilet, which can decompose human excrete with matrix in the reactor, has been  
proposed as one solution for sanitation issue in developing country due to advantages for low-
cost and promoting vegetable production. To expand the availability of the toilet in all over the 
world, several matrixes as an alternative to sawdust is required. It has been suggested that several  
agricultural wastes (e.g. rice husk and bio-charcoal) were effective for fecal decomposition as the 
matrix, on the other hands, information about time required for maturation in each matrixes after 
setting out from the reactor has been limited, so far. Besids, maturation process in the compost 
treated with lime has not been observed, although lime treatment is effective for pathogenic  
inactivation. In the present study, therefore, the difference of maturation progress among several 
matrixes and impacts on maturation process by lime treatment was investgated by germination test 
with Komatsuna (Brassica rapa var. perviridis) vegetable in order to determine a time required for 
maturation.

Sawdust, rice husk and charcoal (made from rice husk) compost were made as continuous mixing 
with pig feces (as substitution of human feces) for 3 months. The fecal load ratios of these composts 
were finally 3.6 (total input feces / total input matrix). In the case of lime-treated composts, the 
compost pH was adjusted to 10 with adequate amount of calcium oxide. All compost samples were 
left in incuvator at 28°C and 50% humidity supposed tropical semi-arid climate. Compost was  
sampled at day 0, day 14, day 28, and day 52. All samples were stocked in freezer at -20°C. In  
germination test, thirty Komatsuna seeds were set on triplicate filter paper in a petri dish. 8 ml 
of compost extraction, which was extracted from compost samples with hot water at the ratio of  
1: 20 (w:v), was applied in the petri-dish. The petri-dish was wrapped with alminum foil and left in 
incuvator at 23°C. After 24 h, number of the germinated seeds were counted. After further 96h, root 
length was recorded. The germination index (GI) was calculated using the following expression; 
GI(%) = (% seed germination ×% root length) / 100. The GI value reached 80% has been regarded 
as matured compost, generally.

GI values of rice husk and charcoal compost reached around 80% at day 14 and reached 85 and 79% 
at day 52, respectively. The value of sawdust compost was 53-67% during the experimental period. 
On the other hands, The values of sawdust, rice husk and charcoal treated with lime were lower 
than those without lime and were 39-59, 56-65 and 39-59%, respectively. 

It was concluded that maturing process of rice husk and charcoal compost was earlier than that 
of sawdust and 14 days was enough for a maturing period in these two composts. On the other 
hands, lime treatment might inhibit the maturation progress or plant germination itself. Therefore,  
germination test with mixture of soil and lime-treated compost should be further conducted to 
confirm an actual risk of the lime-treated compost for vegetables.

Keywords: composting matrix, calcium lime, maturation, germination index
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DESIGN OF VEGETABLE GARDEN FOR INCOME ESTIMATION TOWARD 
TO	AGRO-SANITATION	BUSINESS	MODEL,	A	CASE	STUDY	IN	BURKINA	FASO

Nowaki Hijikata, Ken Ushijima, Ryusei Ito, Boukary Sawadogo, Naoyuki Funamizu
Department of Environmental Engineering, Hokkaido University, Japan

Email: nowaki@eng.hokudai.ac.jp

On-site resource recycling sanitation system, which is included composting toilet and graywater 
treatment system, is one of the promising concept to improve the sanitary conditions in  
developing countries. The system makes it possible for users to reuse human excrement and  
graywater as fertilizer and irrigation. The reuse would become incentive for low income farmers, 
since the users get potential to increase their income by using the sanitary products to their  
vegetable garden. On the other hand, there are few studies on whole design of vegetable garden 
based on quantitative balance of sanitary products and idea of land management. In this research, 
we aimed to design a size of newly-made vegetable garden and their crop rotation with the sanitary 
products from composting toilet and graywater system in rural area of Burkina Faso willing to 
choose and use.

Question survey in for 2 families (CE house and IE house), which already committed to install and 
use as a pilot model, was conducted to estimate available amount of sanitary products. Irrigation 
water requirement for candidate vegetables was calculated by FAO method with climate data of 
Ouagadougou station. Available amount of urine and compost was estimated by family number of 
the pilot-family. Based on the information, a size of vegetable garden area was estimated and crop 
rotation was designed as a model. 

Available gray water in CE house was 80 L from 8 persons and that in IE house was 185L from 
11 persons. Using the gray water, a size of newly-made tomato garden in CE house was estimated 
20 m2 for rainy season and 11 m2 for dry season. Besides, that in IE house was estimated 46 
m2 for rainy season and 25 m2 for dry season. Assumed as one composting toile installation for 
one family, 40-60 m2 area can be covered by compost. Considered with available N content from 
urine of family, about 10a area can be covered. This indicated that most of urine from pilot-family 
may remain. Besides, a size of newly-made vegetable garden was limited by gray water availability. 
Thus, priority of crop rotation design would be low irrigation requirement. From calculation of  
irrigation requirement and general crop rotation rule, three compartments garden was proposed 
for pilot-family; one compartment was for vegetables for sell, second was sorghum because of its 
high draught stress and third was gumbo due to high demand of local people. In the vegetable 
compartment, better rotation was proposed as tomato and chili pepper from Apr to Aug, onion 
from Aug to Des and carrot from Jan to Mar. If pilot-families cultivate this crop rotation, 100 
EURO in CE house and 245 EURO in IE house were roughly estimated as maximum income, 
based on wholesale price in market.

We concluded that a size of newly-made garden was limited by graywater. This means that  
graywater system increase composting toilet value. Besides, design of crop rotation lead user clear 
idea how to use the sanitary products and lead us rough income estimation for cost setting of  
sanitation system.

Keywords: agricultural reuse, crop rotation, irrigation requirement, field survey
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INTEGRATION	OF	SANITATION,	BIO-WASTE-MANAGEMENT,	LOCAL	ENERGY	 
PRODUCTION AND AGRICULTURE

Ralf Otterpohl, Asrat Mindachew, Joachim Behrendt
TUHH Hamburg University of Technology, Hamburg

E-mail:ro@tuhh.de

Our highly sectorial science and society leads to a lack of synergistic solutions. On top of that key play-
ers are often part of their own peer’s mainstream thinking and/or miss-defining importance of issues with 
high media coverage. We lost our footing, forgot about our 100% dependency on living soil. Not only food 
production but water renewal, avoidance of flooding/drought, supportive regional climates, green areas and 
forests, local economy depends on living soil. Humus rich soil makes water; sanitation, in turn, can make 
soil. Bio-Waste can be an ideal feeding material for keeping soil healthy. Energy production can be done 
with woodgas technology, co-generating power, heat and charcoal. This charcoal should not be burnt but 
used for carbon-composting in order to create long term fertile soils.  Wood gas stoves instead of wasteful 
and toxic open fireplaces offer great cooking even with woody waste materials and the charcoal for compost-
ing the remaining bio-waste and excreta. This can be a pathway for the integration of Sanitation, bio-waste-
management, local energy production and agriculture. Terra Preta Sanitation offers a clear pathway towards 
highly cost efficient solutions from low cost to luxury solutions. Lactic acid fermentation allows easy water-
less collection and efficient sanitization of excreta. Composting with clean charcoal can mimic the probably 
most sustainable society that lived on earth in large numbers for thousands of years: the Indio’s of the Ama-
zon. All they left after their ruthless destrucion around 500 years back is beautiful ceramics and huge areas 
of the most fertile black soil entirely man made mainly from bio waste, excreta and charcoal: Terra Preta do 
Indio, the Black Soil of the Indios (Factura et al., 2010). In contrast to this our ’modern’ societies have man-
aged to destroy or deplete around one third of all arable land around the world between 1950 and 1990 (UN 
Millenium Report). Those cilvilisations that did not keep their soils healthy have vanished again and again 
troughout human history (David Montgomery: Dirt – The erosion of cilvilisations)

With this wider picture of the nexus between efficient local energy supply, agriculture and biowaste man-
agement, dry sanitation can become a major cornerstone of future food and water security, prevention of 
flooding and draught. The global relevance is larger in regions with high population density because of the 
relative amounts of human excreta to land area. On the other hand excreta of animals can be used the same 
way. The challenge with human excreta management is collection and transportation with no or very little 
dilution, useable for humification. From the development of ecological sanitation we see some hundred 
thousand installations of urine diverting dry toilets (UDDT) around the wold. Compared to demand this is 
still a very low number and it is not yet spreading by itself.  Lactic acid fermentatation is a great tool to make 
any type of dry toilet much more reliable, helps with thorough sanitisation (as it was found at University of 
Leipzig, Germany, unpublished personal information). Double vault systems become unneccesary and con-
tainers can and should be completely airtight exept when used. This is a major avantage in itself as there is no 
smell whan idle and with the lactic acis fermentation the can be very little smell when the toilet is used. One 
big advantage is that the smell is slightly sour but not feacal like any more. In our experiments we had phases 
with too much smell, lactic acid fermentation requires a good dose of micro organisms and a carbon source 
to feed them. TUHH is now doing targeted research on those lactic acid bacteria that are not producing gas 
but living well in feacal matter and urine. It seem that the process works better in separate feaces and urine; 
our goal is however to also find ways to get away from the restrictive ad somewhat difficult urine diversion. 
This can be combined with waterless urinals to keep volumes of mixed material smaller. On the other hand  
research is also aiming at composting both urine and faeces together with fine woody wastes and charcoal 
from woodgas units. The process of lactic acid fermentation opens many new ways for dry toilets and will 
probably open the door for large scale applications form many different regions of the world.

Factura, H.; Bettendorf, T.; Buzie, Ch.; Pieplow, H.; Reckin, J.; Otterpohl, R. (2010): Terra Preta sanitation: re-discovered 
from an ancient Amazonian civilisation – integrating sanitation, bio-waste management and agriculture. Water Science 
& Technology, 61(10), 2673-2679
Montgomery, David R. (2008): Dirt – The erosion of cilvilisations

Keywords: Terra Preta Sanitation, Wood-gas Energy, Soil humification, Food security, Water 
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PROVIDING	ALL-ROUND-SERVICE	FOR	SUSTAINABLE	SANITATION	IN	RURAL	AND	PERI-
URBAN AREAS OF GEORGIA – INCLUDING MARKETING, AGRICULTURE AND ENERGY

Rostom Gamisonia, Anna Samwel, Dr. Claudia Wendland
Rural Communities Development Agency (RCDA), Georgia

Email: rurcom@gmail.com

Sustainable and productive sanitation systems developed in Georgia save water and energy,  
contribute to renewable energy security (biogas, bio-oil), and contribute to food security through 
decentralised and cost-efficient provision of fertiliser, soil conditioner or nutrient rich irrigation 
water.

In Georgia, there is a good acceptance for UDDT in the rural areas and the people appreciate 
this alternative to the traditional pit latrines. In the last years more than 200 UDDT have been  
constructed. In three villages, almost all households are already equipped with a UDDT or are  
willing to construct one. 

The success in these villages is instigated first of all by setting-up a Service Center in the village 
which provides the services – advice, construction, operation and maintenance. People have the 
choice of different UDDT designs, a concrete UDDT toilet seat, slabs made of tiles, and even a  
ceramic UDDT seat is available. E.g. in the villages Khamiskuri and Kheta in Western Georgia the 
toilet design was more and more improved and adapted to make the UDDT more affordable for 
even the most poor people. The design as you see in the picture is now the favorite and cheapest as 
one can convert the pit latrine into a UDDT attached to the house. 

The second factor is the link to gardening so that the villagers are informed about how to use the 
toilet products – sanitized urine and faecal matter- in their garden for subsistence agriculture. 
Source separation and safe handling of nutrients from the UDDT system is one way to facilitate 
the recirculation and use of excreta in crop production. Food security is being increased with a 
fertilizer that is readily available for all regardless of infrastructure and economic resources. Urine 
is a well-balanced nitrogen-rich fertilizer which can replace and give the same yields as chemical 
fertilizer in crop production. In addition the service center provides access of rural people to the 
solar dryers where the fruits grown using the organic fertilizers (urine and faecal compost) is dried 
and sold at the markets. Solar driers represent an affordable opportunity for local households, to 
generate additional incomes. 

The third factor is the link to energy in terms of solar collectors. The service center also supports 
the construction of solar collectors for warm water for the households built with local material. 
People appreciate very much to have a full bathroom including a UDDT and a shower with warm 
water from solar hot water collector integrated with UDDT. The greywater is treated in a simple soil 
filter and infiltrated into the ground.

The success in the villages is resulting in a replication and up-scaling which takes place without  
external funding but the strong support by the local NGO RCDA and financial scheme (leasing). 
The first steps to make sanitation as business in the communities. Today RCDA and small business 
offer the households, kindergatens and schools different types of UDDT in addition to developing  
semi centralized logistic system for the collection of urine and faeces from UDDT, pit latrine  
content and other organic waste in the village.

Keywords: productive sanitation, gardening, ecosan, energy, UDDT, Georgia
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ENVIRONMENTAL IMPACT OF MICROPOLLUTANTS PRESENT IN URINE

M.Sc. Sanna Pynnönen, Prof. Tuula Tuhkanen
Tampere University of Technology, Finland

Email: sanna.pynnonen@tut.fi

Urine diverting toilets allow the use of human urine as an efficient fertilizer. Yet, the current  
legislation in the European Union (laws on organic farming, fertilizer products etc.) does not  
directly allow or forbid the use of human urine as a fertilizer. In Finland, fertilizer regulations 
don’t include the concept urine, only chemically pure urea. In people’s perception, source separated 
urine might be seen as unsafe or unhygienic compared to cattle manure which contains antibiotics 
and hormones fed to the animals. And still, only pathogens and heavy metals are considered as 
harmful substances and therefore analyzed. Previous studies have tested e.g. the occurrence of 
pharmaceuticals in Finnish sewage treatment plants and surface waters and the potential risks of 
pharmaceuticals in fertilizer use in agriculture. 

The aim of this paper was to investigate what are the most commonly used pharmaceuticals and 
hormonal compounds in Finland (per capita per year) that can cause environmental problems 
directly or through a secondary exposure via excretion to urine. These micropollutants can be  
considered as the most important ones to cause endocrine disruptive effects in aquatic animals,  
induce antibiotic resistance in bacteria or other harmful actions in the environment and thus  
breaking the risk chain at the premises of the wastewater source is important. Source separation 
and dry toilet technology provide a way to cut the risk chain before urine is mixed with clean 
water and directed to wastewater treatment plants. It also works in countries with less developed 
infrastructure and this way it might be possible to remove the micropollutants from urine before 
environment is exposed. This is yet under study.

The selected micropollutants with their consumed amount in Finland in parenthesis included  
hormonal compounds found in contraceptives (estrogenic hormones, 267.7 kg a-1) and  
pharmaceutically active compounds found in epilepsy drugs (29 870 kg a-1), analgesics and anti- 
rheumatics (151  577 kg a-1), antibiotic quinolines and mycobacterials (2 185.7 kg a-1), lipid  
modifying agents (7  266 kg a-1) and beta blockers (8  430 kg a-1). Many of the micropollutants  
belonging to these categories are excreted to urine as parental compounds or metabolites. 

It was found in literature that these micropollutants have been detected in aquatic environment, 
many times caused by a discharge from wastewater treatment plants. In addition, some studies have 
reported accumulation of micropollutants in soils that have been irrigated with wastewater. Thus, 
the micropollutants may migrate into plants and pose risk to edible plants. Trace concentrations 
of these compounds can cause potential impacts to human health. This is why more knowledge is 
needed on their negative effects and ways to remove them prior to utilizing source separated urine 
as a fertilizer.

Keywords: source separation, urine, micropollutant, fertilizer
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EXPERIENCE OF ECOLOGICAL SANITATION IN MALAWI

Tabbie Kayanage
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Ecological Sanitation is a new phenomenon in Malawi as the majority of the Malawians use pit 
latrines. Ecosan systems provide hygienically safe, economical, and closed-loop system to convert 
human wastes into human manure to be returned to the soil, and urine to be returned to the land 
as urea. 

CCODE is a support NGO in Malawi which works with a network of saving schemes called Malawi 
Homeless People’s Federation (MHPF). MHPF constitutes the poor communities and low income 
earners from the peri-urban and rural sectors. On average 80% of this network are women. The 
highest proportion of this movement lives in the peri-urban locations where population density 
is critically high, portable water is scarce, toilets are few and sewer systems are not provided.  
Incidences of tragic deaths caused when women and children fall into dilapidated and low standard 
pit latrines when using the toilet are high hence CCODE’s initiative on introduction of Ecosan 
toilets.
 
More than 2000 dry toilets have been constructed with women in the forefront in awareness  
creation and creation of favorable attitudes for the adoption of the dry toilets. These women are 
involved in training adopters on general management of the dry toilet as it is a new technology. In 
Malawi, women are responsible for basic household food security and are involved in substance 
farming and are the main re-users of toilet products, since fertilizer price is high (35$) and most of 
the poor people cannot afford to buy.

Although 2000 people have adopted the toilets and 40% have been re-using the manure and the 
urine in their fields, they still have perceptions on the re-use of the dry toilet products. The general 
perception is on the cultural orientation that handling human waste is a taboo. Some people believe 
that when the fecal matter decomposes some pathogens don’t die i.e. HIV. Despite the taboo people 
are changing their mind sets due to success stories of those who have been re-using the products.

The majority of the users are satisfied with the simplicity of the dry toilet as it has a urinal for 
men, a hand washing facility and has a bathroom attached to it. It is convenient as it is constructed 
near the house compared to the pit latrine which is constructed far to avoid odor. In addition it is  
convenient for children as they don’t have fear of falling in the pit latrines.

Malawi is being transformed and Ecosan is proving successful. Attitudes are getting transformed 
and if supported more CCODE and MHPF can do way more in providing a genuine solution to 
this growing sanitation problem across the world today which is faced with exponential population 
growth.

Keywords: gender, culture, re-use
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MINERAL AMMONIUM ION ABSORBER AS A FERTILIZER

Taina Laiho, Olav Eklund
Department of Physics and Astronomy, Laboratory of Materials Science, 

University of Turku, Finland
Email: taina.laiho@utu.fi

The vermiculite-material which effectively binds ammonium nitrogen to its structure has been 
developed in the Department of geology and mineralogy at the University of Turku. It can be used 
to remove ammonium ions from waste waters. This mineral is widely available, easily handled and 
low-costly. It is a sheet aluminosilicate of the hydromica group and it has a sandwich-like structure. 
Its capability to intake ammonium ions has been improved with a special modification of the  
natural form. During last years our research group has developed and tested this modification 
method, and we have made a product that works especially well for ammonium ions of waste-
waters. 

In dry toilets this absorption material can bind ammonium ions from human urine. This  
absorption material makes the ammonium ions to absorb into it and prevents the evaporation 
of ammonia gas from toilet. At first it takes off the ammonium ions and then it can be used as a  
fertilizer.

Ammonium ions cannot be rinsed off from our product by water, but plants can take it for  
fertilization. Laboratory and field experiments on waste water from a biogas plant and on leached 
water from a landfill have been performed and greenhouse and forest fertilization experiments 
studying the effect of the recovered ammonium nitrogen as a plant nutrient have been done. On 
the basis of the earlier tests that have been done with the plants of the tree, material is suitable for 
the binding of the ammonium nitrogen of waste waters and for the utilizing as a nutrient source of 
plants.

We present now our latest growth experiments. The reject water of VamBio biogas plant was tested. 
The absorption material that has been processed with the reject water of biogas plant was utilized 
as the nutrient source of the field crops and garden plants. We also tested how well the plants are 
able to utilize nitrogen of the absorption material and if the amount of soluble nitrogen or of other 
nutrients will become harmfully high for the plants. A Chinese cabbage and a rye grass were used 
as test plants in the work.

These growing tests show that our material that has been processed with the reject water of biogas 
plant is suitable for a nutrient source of the field crops and garden plants. It increases significantly 
the growth of the Chinese cabbage and of the rye grass also in those growing conditions where 
plants have got normal nitrogen fertilization. The nitrogen levels of vegetations were very high. In 
spite of a too high nitrogen level studied material was not harmful for the plants. We did not notice 
in loaded absorption material any trace element occurrences or heavy metal occurrences which 
would have deviated from a similar unloaded material. The Vermiculite (start material of our  
product) has been officially accepted as the growing substrate of plants and it can be supposed that 
the elements which come with it will be harmless to the plants and consumers. Although the results 
were good, some additional tests are needed.

Keywords: ammonium, nutrient, odourless
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SANITATION WITHOUT PIPES: THE HONEYSUCKER APPROACH 
– THE CASE STUDY FROM BANGALORE

S.Vishwanath, Shubha Ramachandran, Karan Singh
Biome Environmental Solutions, India
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Bangalore a city in South India and the capital of Karnataka State has a population of about 9  
million. Sewerage systems do not reach across to all the households in the city especially the  
periphery. A recent Survey of the Environment report by the state 2008 states ‘Of the 1,000 MLD 
sewage generated in the city only 400 MLD or 40% of sewage is collected and treated by the  
Bangalore Water Supply and Sewerage Board and the remaining sewage is let out into storm water 
drains, which finds its way into lakes, tanks and the groundwater. 

Many buildings including individual homes and apartments on the periphery of the city are not 
connected to the Underground sewerage network as the lines have not been extended to the  
suburbs. They manage with essentially pit toilets. Concrete rings are lowered into the ground to 
a depth of 6 meters. Toilets are connected to these pits. For a long time these pits were emptied  
manually when full called manual scavenging. With the passing of the Manual Scavenging Act 
in India and the abolishing on the horrendous practice a small informal economy has opened up 
which makes the vacuum sucking trucks called Honeysuckers. These are rapidly expanding in 
numbers as the market they serve demands their service due to the clean job they do and the short 
duration taken for emptying the sludge as less as 15 minutes.

It is estimated that there are up-to 200 such vacuum trucks in the city alone serving over 150,000 
buildings. The vacuum trucks themselves are being assembled in small informal workshops.

In the absence of a septage management policy and a high charge in dumping the septage in  
treatment plants farmers have taken to collecting and composting the septage and using it on their 
crops. Some enterprising farmers also manage to see the fertilizers so generated at a reasonable 
price. A flourishing market now operates in the sanitation sector providing an end to end service 
right from the construction of a toilet and soak pits, evacuating it when full and composting and 
reusing the septage as fertilizer. The cycling of nutrients completes what would be called Eco-san.

The paper seeks to explore the growth of this informal market and draw out an appropriate legal 
framework for the management of septage. Lessons learnt also can be transferred to almost all 
small and medium towns in India which lack sewerage and which are not likely to get them in the 
coming years.

Keywords:  septage, productive sanitation, framework, nutrient recycling
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URINE AS FERTILIZER FOR LETTUCE IN GREENHOUSE CONDITIONS 
– GROWTH, YIELD AND THE ROLE OF ESTROGENS IN URINE

Viskari, Eeva-Liisa; Haapamäki, Seija; Mburu Catherine; Zambeze-Kallio, Claudia
Tampere University of Applied Sciences, School of Industrial Engineering, Finland

Email: eeva-liisa.viskari@tamk.fi

Properly managed reuse of urine would enable sustainable food production without increasing 
nutrient imbalances and run-off in agricultural soils. Currently the use of these fertilisers in large 
scale food production in Finland is not possible, since the current legislation does not acknowledge 
 human excreta as eligible fertilisers. Therefore there is a great contradiction between the  
philosophy of sustainable fertilizer use and the policy and legislation. Tampere University of  
Applied Sciences has been working on research about the reuse of urine as a fertilizer since 
2007, when the first experiments using organic fertilizers were made. Since then the knowledge 
about the use of urine and faecal compost as a fertilizer has increased enormously. There are still,  
however, some major issues and assumptions that prevent or delay the efficient use of these  
fertilizers. These are for example the possible risks of hormones and pharmaceuticals in urine and 
compost. Recent studies have been clearly shown that hormones and pharmaceuticals have been 
found from wastewaters and freshwaters. At the moment there is not enough information about 
the behaviour, transportation and accumulation of these substances in crop plants, when urine or 
wastewater is used as a fertilizer. Thus there is a clear need in filling this gap.
 
An experiment was conducted in greenhouse conditions where lettuce (Lactuca sp.) was grown 
using human urine as a fertilizer in November 2011 – January 2012. Urine was collected from the 
university urine separating dry toilet. The fertilizer treatments were: optimum amount of urine, 
measured as as total nitrogen, half of the optimum nitrogen amount and double amount of nitrogen. 
The optimum amount of nitrogen for lettuce is 90 kg/ha, thus the two other treatments were 45 
and 180 kg/ha respectively. For comparison artificial fertiliser 90 kg/ha and no-fertiliser treatments 
were used as a reference. The concentrations of nitrogen, phosphorus, potassium and magnesium 
were measured from the urine, growing medium and plants. In addition a method was developed 
to analyse estrogens from the urine and plants. As a result the traces of estrogenic compounds were 
tested from urine and lettuce after harvesting in order to evaluate the health risk of using urine as 
a fertilizer. At the time of writing this abstract the development of the analysis method is still in 
progress.

The fertiliser treatments did result in significant differences of lettuce yield. Other results  
concerning the nutrient concentrations of plants and soil as well as estrogenic compounds will be 
presented.

Keywords: urine, lettuce, greenhouse, fertilizer
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Sustainable Future NGO started in 2009 Bahir Dar SAWE- Improvement of self-sufficiency and 
sustainability in sanitation waste and energy project in Bahir Dar, Ethiopia with co-operation  
partner Lem, the Environment & Development Society of Ethiopia (LEM Ethiopia). The project 
aimed to take a holistic approach to city development and create demand for improved sanitation 
and waste management by constructing dry toilets, biogas digesters, and promoting composting 
experiments and enhancing participation of its dwellers. The sanitation situation in the project 
target area, four districts (kebeles) of Bahir Dar, was poor and toilet facilities were not available 
in sufficient numbers. The project offered excellent opportunity for poverty reduction through  
sanitation and waste management activities by established cooperation’s consisting of members 
from vulnerable groups i.e. unemployed youths, women, and disabled persons. The project was 
involving other NGOs, namely Finland – Ethiopia Friendship Society, TEP, Technology for life, 
and Global Dry Toilet Association of Finland with Sustainable Future NGO to share their expertise 
through established steering group for the project. 

The objectives for the project were to enhance community awareness, the knowledge and  
participation of urban dwellers in solid and liquid waste management through different  
awareness development mechanisms. In addition, improve sanitation situation significantly in  
the selected districts through introducing new technologies by constructing urine diversion dry 
toilets, biogas toilets, and promoting composting experiments. Moreover, create demand for 
waste and sanitation outputs through promotion of urban agriculture with training on waste  
management and composting. The implantation of the project was carried out by construct-
ing three urine diversion dry toilets, one Mobile Dry Toilet, two Integrated Sanitation Facilities  
including toilet and shower units, biogas reactor, and cafeteria and establishing an Urban  
Agriculture site. 

The experiences gained from the project were encouraging. The cooperatives were able to gen-
erate income from the project activities. The user fees from Mobile Dry Toilet and Integrated  
Sanitation Facilities customers were collected and the outputs, urine, fecal matter and digestate 
from the biogas reactor, after composting were utilized as a fertilizer at the Urban Agriculture site. 
The concepts of the new technologies introduced by the project were widely noticed and partly 
replicated. 

Keywords: Ethiopia, dry toilet, sanitation, urban agriculture
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The Dry Toilet technology offers the opportunity of stock piling urine in large volumes for use as 
nitrogen fertilizer for crop production. The urine treatment response of growth, yield, quality and 
wholesomeness characteristics of three vegetable crops namely cabbage (Brassica eleracea), pepper 
(Capsicum frutescens) and garden egg (Solanum melongena)) was studied in relation to chemical 
fertilizer (NPK) during the major cropping season of 2011 (May - September). Human urine was 
harvested from the Lahti-Ho North-South Local government Co-operation Dry Toilet Technology 
Project for two basic schools in the Ho Municipality of semi-arid Ghana.

The treatments consisted of human urine (400kg/ha N for cabbage, 220kg/ha N for pepper and 
garden egg), NPK chemical fertilizer (400kg/ha for cabbage, 220kg/ha for pepper and garden egg) 
and 0.00kg/ha fertilizer (control). 

Various growth and yield parameters (crop height, branching, leaf area index, total dry matter 
yield, fruit yield) were measured and urine treated crop samples were subjected to chemical and 
microbiological analysis and compared to prevailing levels and standards.
 
All the crops responded positively to urine treatment. There were no significant differences in 
mean plant height 100 days after sowing but urine and chemical fertilizer were significantly taller 
than the control for garden egg and pepper. Urine treated egg plants and pepper significantly  
developed more branches, had greater leaf area index, total dry matter and fruit yields than both 
the chemical fertilizer and control treatments. There were however no significant differences in 
days to flowering. There were significant differences in protein and fat contents in all the crops for 
the urine, fertilizer and control treatments. The urine treated crops had the highest level for protein 
and lowest level for fat. 

The food safety tests have shown that use of urine in producing crops for human consumption 
is safe. This indicates that a major hindrance preventing acceptability of crops grown with urine 
is removed and its promotion as a better option for healthy food production and environmental 
sanitation improvement can be intensified for the adoption of the Dry Toilet technology in the Ho 
Municipal communities of Ghana.

Both growth and economic yield superiority of the use of human urine from Dry Toilet systems in 
the production of these three crops is clearly demonstrated. Use of urine for growing cabbage and 
garden eggs holds prospects for producing high protein and low fat foods through the Dry Toilet 
system. 

Human urine can be substituted for chemical fertilizer in the production of these three vegetable 
crops if higher productivity, as well as safe and higher quality products is desired.

Keywords: dry toilet technology, human urine, chemical fertilizer, vegetables
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ECO-SANITATION	FOR	AGRICULTURE	 
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Around 2.4 billion people do not have sanitation facility and about 2 million people die every year 
due to diarrheal diseases, most of them are children <5 years of age (WHO, 2010). On the other 
hand, in 2009 about 1.02 billion people were undernourished worldwide (FAO, 2010). 

It is claimed that the eco-toilets (urine and fecal matter collected separately) are one way to solve 
these problems, i.e. improve sanitation and increase food products, together. For example, a  
byproduct of eco-toilet, human urine (plant nutrients NPK), has been successfully used as a fertilizer.  
In addition, wood ash can be used as a supplement of other plant nutrients (P, K, Mg).

Nepal is a developing country located in South Asia. The sanitation coverage among the relatively 
wealthy is 80% whereas it is only 12% among the poor (IYS, 2008). Very few analytical studies into 
sanitation have been done in Nepal. Since eco-sanitation and eco-toilet are a novel concept for the 
Nepali in different parts of the country, it is very important that as many of the population receive 
knowledge about these topics and it is also equally important to evaluate their true opinions and 
their current awareness or knowledge. 

This study focuses on awareness and acceptance of eco-sanitation, as well as an experimental  
demonstration about the use of human urine and wood ash as a fertilizer. The study was conducted 
in Chanauta, central Nepal. The villagers (N=27) were asked about their knowledge about eco-
sanitation and fertilizer value of urine and ash. 

In the experimental study, the fertilizer value of urine + ash was compared with animal manure and 
no-fertilization in the cultivation of radish, potato, broadleaf mustard, cauliflower and cabbage. 
The cultivation was achieved with the manipulation of N nutrients. The urine + ash or manure  
fertilized plots received 54 kgN/ha for radish, 51 kgN/ha for potato, 81 kgN/ha for broadleaf mus-
tard and 77 kgN/ha for cabbage and cauliflower. 

All the participants agreed that the use of urine and ash was a good idea. Fecal coliform was less 
than 1 CFU/100ml of urine. The urine + ash fertilizer produced significantly (P<0.05) higher 
broadleaf mustard biomass than obtained from animal manure and without fertilization. Urine 
+ ash fertilized plots growing radish, potato, cauliflower and cabbage produced similar or slightly 
higher yields biomass compared to those achieved with manure fertilization. It was demonstrated 
that urine + ash can produce >24 t/ha radish root, >95 kg/ha potato tuber, >19 t/ha cauliflower total 
biomass and >15 t/ha cabbage total biomass than can be produced with manure fertilization. 

It is concluded that urine + ash fertilizer can be used instead of animal manure as a dose of 4  
liters urine is equal to the 1 kg of dry manure and this can produce similar or even more vegetable  
biomass than can be achieved with manure fertilization. 

Keywords: eco-toilet, human urine, fertilizer, wood ash, vegetables
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TREATMENT AND UTILIZATION OF SOURCE SEPARATED URINE AND  
FEACAL MATTER IN URBAN AREAS

Torsten Bettendorf, Joachim Behrendt, Ralf Otterpohl 
(presenter Joachim Behrendt)

Hamburg University of Technology,
Institute of Wastewater Management and Water Protection, Germany
Email: bettendorf@tuhh.de, j.behrendt@tuhh.de, otterpohl@tuhh.de 

Shortage of resources as energy, water and fertile agricultural soil are some of the biggest challenges 
nowadays. At the same time steady demographic increase, especially in African and Asian cities, 
enhances the demand on improved sanitation systems. Conventional wastewater systems require 
next to enormous invests, mainly for sewers, much water for operation. Furthermore valuable 
plant nutrients, mainly deriving from human excreta, get highly diluted and thereby their recovery 
becomes more complex or less efficient. The use of dry toilets can be considered most efficient 
regarding utilization of human excreta and can contribute to relieve local water stress at the same 
time. In order to reduce odour emissions the addition of bulking materials and/or urine diversion 
are necessities when operating dry toilets. Although separate urine collection leads to reduced  
demand on bulking materials and less odour emissions, some additional requirements are  
associated. Additional piping systems and storage volume as well as enhanced logistical requirements 
are the main drawbacks. Where in rural and peri-urban areas storage volume for source separated 
urine and different kind of bulking materials are easily available, urban areas are rather short of 
both. 

Treatment of urine and extraction of contained plant nutrients is an appropriate strategy in order 
to minimize transport expense and to avoid negative effects resulting from direct urine application.  
Negative effects from direct urine application can derive from high salinity and possibly contained 
pharmaceutical residues. The extraction and recovery of nitrogen, phosphorus and potassium can 
be conducted either from stored urine directly or subsequent to a biological treatment. Biological 
treatment of urine and partly or complete nitrification of contained ammonia leads next to a  
stabilization of the substrate to different positive implications regarding nutrient recovery. Due to 
the carbon degradation by the biological treatment, the substrate can be completely evaporated to 
a solid fertilizer, or further filtrated with nano-filtration membranes for concentrating phosphates. 
While many examples on nutrient recovery from stored urine are found in literature, recovery 
processes subsequent to a biological treatment are rare.  

In this paper biological treatment of urine and its implications regarding nutrient recovery will 
be presented. The process of biological treatment of urine itself is elucidated and an overview on  
different applicable recovery processes as well as the obtained products will be shown and discussed.  
Through this, the benefit of biological treatment in terms of its stabilizing effect and subsequent 
nutrient recovery, particularly in urban areas, will be emphasized.  

Keywords: source separated urine, nitrification, stabilisation, nutrient recovery, mineral ferti-
liser, urban sanitation systems
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ODOR PREVENTION AND CONTROL IN SANITATION

 Tuula Tuhkanen
Department of Chemistry and Bioengineering,  

Tampere University of Technology, Finland
Email: tuula.tuhkanen@tut.fi

An odor can be described as a physiological response to activation of the sense of smell to one 
compound or a mixture of compounds (e.g. toilet). Odors, nevertheless, are commonly perceived 
to be those “foul smelling substances” found as emissions from various foods, wastes or excretions.  
Pleasant odors are generally not included in dry sanitation – except for some scents that are used 
to mask the repulsive smells. The dislike of bad smells is deeply involved with the human deference 
mechanism. There seems to be a general social norm for avoidance, and particularly touching and 
handling, of foul smelling material such as excreta. This relates to the miasma theory, accepted 
from ancient times until late 1800’s, which held that the infectious diseases were caused by a  
miasma or “bad air”.  

An odor will be cause of complaint if the perceived quantity is greater than the odor threshold. The 
human nose possesses millions of receptor which are extremely sensitive to odors, and which can 
detect smells at very low concentrations. Skatole and indole, two typical fecal smells indicators of 
putrid or rotten food, have an odor threshold of 0.00001 parts per million (ppm); mercaptans, on 
the other hand, present even less than that, 0.000003 ppm.

The main odors related to urine are related to ammonia and sulfur. Ammonia is produced by the 
ureolytic bacteria during the hydrolyzation of urea. Sulfur based compounds are present in most 
of the odors related to fecal matter such as hydrogen sulfide, methyl mercaptan, dimethyl sulfide 
and dimethyl disulfide. The exposure to the ambient concentration of urea and fecal based volatile 
compounds does not cause direct health effect. However, it is possible that secondary effects as 
nausea and hypersensivity may occur. Hydrogen sulfide concentration can become health hazard, 
when the ventilation is poor for example in septic tanks and during the handling of anaerobic 
sludge. 

The objective of the control of odors is to reduce them below their threshold, preventing them to 
enter into the area of residence or converting them to a substance that is not odorous or less odor-
ous one. The prevention of odor formation is the most sustainable approach in odor control. An 
example of conversion is the oxidation of H2S (odor threshold 0.5 ppb) to sulfur dioxide SO2 (odor 
threshold 0.5 ppm). Gas streams can be deodorized by using solid abiotic or biological adsorption 
systems or scrubbers before the streams are released into the atmosphere. If odorous compounds 
are nevertheless formed, other possible options are isolation of the smell or ventilation. Odor masking 
is not recommended for long term-control system. However, in practice different fragrances are 
commonly used in different cultures. 

Odor formation and control are the key issues while selecting the sanitation option to homes and 
public places. The users of water toilets prefer the conventional techniques unless the sanitation  
options offered are odorless. Urine diverting toilet is a promising odorless option. With the separation 
of urine and feces in different containers, the conditions can easily be optimized for the maximum 
prevention of odor formation. The optimization of the odors release in diverting toilets could be 
the solution for the millions of people without sanitation facilities.

Keywords: odor, toilet, urine, feces, control, prevention, removal
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IEC AND TECHNOLOGY OPTION KEY TO SUSTAINABLE RURAL SANITATION PROMOTION 

Awadhesh N. Singh
Public Health Engineering Department, India

Email: awadhesh_nsingh@yahoo.co.in

The Central Rural Sanitation Programme (CRSP) in India introduced during 1986 prior to adoption 
of 8 Millennium Development Goal (MDG) was found to be not achieving sustainability. Earlier, the 
sanitation programme was implemented by following supply driven approach with lesser emphasis 
on peoples’ motivation, social acceptability, and toilet use. Rural sanitation programme created a 
scenario, in which the villagers considered that it would be the responsibility of the government 
to construct toilet in every household in the villages. The programme was almost a subsidy oriented 
government activity. The water borne and excreta related diseases caused due to open defecation 
and insanitary condition remains the matter of concern. The matter was reviewed in national 
level and Total Sanitation Campaign (TSC) was initiated restructuring CRSP with emphasis on  
awareness, motivation, capacity development, supply-chain management. The programme was 
conceived to address demand-driven approach. However, subsidy for toilet construction remained 
with the programme for the below poverty level (BPL) people. Major thrust was given on hygiene 
education using information, education and communication (IEC) materials. State Public Health 
Engineering Departments were provided with support to develop IEC materials, communication 
strategy, capacity building and institutional development for rural sanitation coverage in the country.  
Today, TSC addresses a comprehensive concept of sanitation which includes solid and liquid waste 
disposal, food hygiene, personal and domestic as well as environmental hygiene.

The present paper highlights the result of case study undertaken to assess the role of Information 
Education and communication (IEC) and area specific low cast technology options for construction 
of toilets in individual households in the villages for achieving sustainability in rural sanitation 
promotion programme launched during 2005-06 by the Public Health Engineering Department 
in Arunachal Pradesh. The paper also discusses the pros and cons of lasting sanitation promotion 
where major emphasis is given on IEC and the technology option to construct Leach pit individual 
household toilets in the villages which have elevated houses made of thrashed bamboo and leaves 
to supplement the traditionally used pigsty latrines over the years and enhancing water sanitation 
and hygiene understanding political and social will with a view to improve standard of living for 
disease free health and overall economic development of tribal people in Arunachal Pradesh. Field 
level IEC was undertaken through school children, trained NGOs and Village Motivators (VMs) to 
change the mindset and generate demands among the villagers for the construction of household 
sanitary latrines for disposal of human and child excreta. A behavioural change is noticed when the 
villagers have started using hygienic toilets. The lesson learnt from the case study was the role of 
IEC and area specific low cost   technology for motivating villagers to construct leach pit toilets in 
their houses which has a direct bearing on the health of the people. The institutional development 
must be given due importance to take up advocacy at the grass-root level to motivate the villagers 
and to generate demand for constructing reasonable toilets and use.

Keywords: sanitation, IEC, hygiene, toilet, sustainable
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HEALTH ASPECT OF ECOSAN TOILETS IN NEPAL: STUDY OF IMPACTS AND RISK ON 
PUBLIC HEALTH

Mr. Bipin Poudel, Mr. Kamal Adhikari
Department of Water Supply and Sewerage, Government of Nepal

Email: poudelbipin@gmail.com

Ecological Sanitation (EcoSan) toilets were first piloted in Nepal at Siddhipur in 2002 by the  
Department of Water Supply and Sewerage (DWSS) with the support of WHO Nepal. These  
toilets were dry toilets. Since its introduction in the country there are several modifications in toilet 
pans to suit local culture and ecology. Nepalese, being traditionally anal cleanser, felt cultural and 
practical difficulties using the dry EcoSan toilets. Hence, DWSS piloted urine diverting toilets, also 
known as Wet-EcoSan toilets, in Birgunj, Nepal. In wet EcoSan, offset twin pits with water seal 
and urine-separating pan is used.It is estimated that some 2000 EcoSan toilets (including both dry 
and wet type) are known to be in use in the country so far. The EcoSan toilet types adopted in the  
country consists of double vault urine diversion toilets, two vault solar model, and single vault 
movable container type and urine diversion pour flush toilets. 

In the year 2009, a study was undertaken by a multi-disciplinary team of experts (public health 
expert, expert on environmental science, sanitary engineer and sociologist) in 7 clusters of the 
country, representing different geographical location, ethnic groups and typology of technology, 
with the financial support of WHO Nepal. The studied clusters were Khokhana, Siddhipur, Thecho 
and Tigani from Lalitpur district; Darechowk from Chitwan District; Sunwal from Nawalparasi 
district and Sabaithawa from Parsa district. Sample size was 108 households. Household survey, 
observation and key informant survey was done using a semi-structured questionnaire to obtain 
information about the user’s perception and health benifits or hazards due to the installation of 
EcoSan toilets in their homes. The survey was conducted in September and October 2009. 

Users have not felt serious problems in using eco-san toilet. However the need for the orientation 
of new guest and difficulties in cleaning (in case of dry toilets); and possibilities of mixing of faecal 
matter with urine (in case of wet toilet) are some common problems faced by users. The users didn’t 
have the feelings of hesitation in using excreta as manure even among those communities who are 
not traditionally habituated in using urine and faeces as a fertilizer.

Majority of users do have basic knowledge and understanding about proper storage of faeces and 
urine up to prescribed time span (6 months-for faeces and 3 months- for urine). Still some users 
found to have used stored faeces in the field prior to this period as per their requirement.

There is still a gap in the knowledge and practice in the studied areas. When interrogated about 
the benefit of urine they were found familier with almost all the issues under inquiry but in actual 
practice have not urine collection system in their toilets.

None of the household experienced increase in the cases of ascaris, diarrhea, dysentery and other 
water and sanitation born communicable diseases after the installation of the toilet. As reported, 
the use of excreta as manure has increased agricultural yields, improved soil condition, enriched 
taste of products and made the vegetables look good.

Keywords: EcoSan, urine, faeces, health, impact
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THE	EFFECTIVITY	OF	THE	TERRA	PRETA	SANITATION	(TPS)	PROCESS	IN	THE	ELIMINATION	
OF PARASITE EGGS IN FECAL MATTER: A FIELD TRIAL OF TERRA PRETA SANITATION IN 

MINDANAO, PHILIPPINES

Dr. Gina S. Itchon, Ana Liza U. Miso, Robert Gensch
Department of Preventive and Community Medicine, 

Dr Jose P Rizal School of Medicine – Xavier University, Philippines
Email: gsijuly18@yahoo.com

Earlier studies have shown that Ascaris lumbricoides ova persist in dried human feces from urine 
diverting dehydration toilets (UDDT) vaults even up to 10 months without secondary treatment.  
To address gaps in the knowledge for effective secondary treatment methods, this study aimed to 
determine the effects of a bacterial mix (obtained from Dr Jurgen Reckin) as a fermenting medium, 
in combination with charcoal (Terra Preta Sanitation process) on parasite egg reduction. 

The study was conducted using twenty (20) UDDTs in Lumbia, Cagayan de Oro City, in Mindanao, 
Philippines. The users of 10 UDDT toilets were told to add powdered charcoal and 20 ml of the 
bacterial mix (Experimental Group A) after using their toilets for defecation, while owners of 10 
different toilets were told to just add powdered charcoal (Experimental Group B) after defecation. 
Experimental Group B was reduced to four (4) toilets throughout the course of the study due to 
sample contamination such as improper use of toilets, faeces samples being contaminated with 
water and urine, and households not using their toilets enough so there was not enough sample 
to collect. The study was conducted for three (3) months after which the collected faeces from all 
the UDDT toilets were collected, stored for another 3 months, and were then vermicomposted  
separately for six (6) weeks.

Results showed that after 3 months of undergoing the TPS process (addition of powdered  
charcoal and bacterial fermenting mix), faecal material was virtually free of parasite eggs, especially 
that of Ascaris lumbricoides which proved to be very difficult to eradicate in earlier studies, when 
compared to faecal material to which only charcoal powder was added. Nitrogen, Phosphorus and 
Potassium (NPK) values for both experimental groups were also comparable after undergoing  
vermicomposting. NPK values obtained were also acceptable for organic fertilizer standards for the 
Philippines.

Therefore, the TPS process is an effective secondary treatment method for eliminating pathogenic 
bacteria and parasite eggs in a country with a tropical climate like the Philippines. It is capable of 
rendering faeces safe for re-use in a shorter time compared to just drying or using no secondary 
treatment.  This is of particular importance in developing countries like the Philippines where the 
parasite load in the population is extremely high.  Furthermore, NPK values after vermicomposting 
showed that there is no significant difference between the two experimental groups.

It is therefore recommended that the TPS process be used as a secondary treatment method for  
faeces collected from UDDT toilets particularly countries like the Philippines, with a tropical  
climate and where re-use of faeces poses a risk to health and hygiene because of high parasite load 
in the population.

Keywords: Terra preta sanitation, vermicomposting, urine diverting dehydration toilets
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REMOVAL OF ODOURS ASSOCIATED WITH DRY SANITATION BY BIOFILTRATION

Marja Palmroth1, Adela Ramos Garcia1, Vesa Kolha1, Tuula Tuhkanen1, 
Nora Fernandez2, Dulce Muñoz2, Ikechuku Nwagwe2, Javier Porto2,  

Loïc Perrier3, Florie Crosnier3, Christian Richter4

1 Department of Chemistry and Bioengineering,  
Tampere University of Technology, Finland 

Email: marja.palmroth@tut.fi

The use of dry toilets can result in unpleasant odours. The purpose of current study was to develop 
biofiltration system for vermicomposting dry toilet system to remove odours. Emphasis was placed 
on selection of biofilter material and finding suitable ventilation conditions for dry toilets. To our 
knowledge, biofilters have not been used before to treat odours caused by dry sanitation. 

Experiments were started by measuring release of ammonia and volatile organic compounds to air 
from stored urine. Volatile compounds of stored urine were added to air by passing air through 
headspace of bottle containing stored urine. Concentration of ammonia in air reached maximum 
of 280 mg/m3 without air humidification and maximum of 52 mg/m3 in moisturised air, both at 
air flow of 1 l/min. Ammonia concentration in air was much higher than concentration of volatile 
organic compounds (VOCs).

Initially five biofilter materials were tested with small-scale plastic columns. The filter materials were 
soaked to increase moisture. The column diameter was 13.1 cm and the bed height was between 
 7.5 and 8 cm Flow rate of air was 1 l/min. Contact time was approximately one minute, exactly 61 
to 65 s, depending on final bed height measured after filling of the filter bed. 

Ammonia removal established in all biofilter materials from the beginning of study. VOC removal 
required more acclimation time than NH3 removal. However, VOC removal could be maintained 
in drier conditions than NH3 removal. Two filter materials could reduce concentration of ammonia 
 in outlet air below odour threshold. VOC removal efficiency was higher in other three materials 
than those found best for ammonia removal. However, the removal efficiency dropped as filter  
materials dried during the study. Ammonia removal in three materials was at least partly biological, 
since pH decreased during the study. However, pH of filter materials started to increase when 
the filter materials dried. The results of microbial counts indicate that bacterial numbers in filter 
materials are not linked to NH3 and VOC removal efficiency. However, the presence of sulphate 
oxidisers in biofilter materials confirms that volatile sulphur compounds deriving from urine are 
oxidised in biofilters. Fungi were detected in most of the tested materials. 

Computational fluid dynamics (CFD) modelling of the flow in a dry toilet has been used to as-
sist the design of the biofilter under both forced and natural ventilation conditions. Calculations 
have been carried out to investigate the dependence of flow velocity in the filter on radiation in-
tensity, wall emissivity, wind speed and filter material properties. The results suggest that natural  
ventilation can provide suitable contact times for biofiltration.

New combinations filter materials are currently tested based on first set of experiments to choose 
filter material which does not dry out and allows combined removal of ammonia and VOCs. 

The research leading to these results has received funding from the European Union´s Seventh Framework Programme 
managed by REA-Research Executive Agency http://ec.europa.eu/reseach/rea ([FP7/2007-2013][FP7/2007-2011]) under 
grant agreement nº [256295]. The developed biofilter materials will be tested in dry toilets in France during year 2012. 

Keywords: Stored urine; odour removal; biofilter; ammonia; volatile organic carbon
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HYGIENE OF GREYWATERS

Helvi Heinonen-Tanski, Anna-Maria Veijalainen, Ville Matikka
Department of Environmental Science, University of Eastern Finland 

Email: helvi.heinonentanski@uef.fi

People who do not need to worry about the water availability but who have a dry toilet can use 
daily approximately 100 litres water for washing themselves, dishes, cloths, their house and other  
purposes. If there is no greywater reuse, the volumes of the used freshwater and the formed greywater 
 are almost the same. Therefore in Finland and many other countries those dry toilet households 
without connection to centralised wastewater treatment unit must be able to treat also greywaters 
so that they do mean a risk to surface water bodies or to groundwater. 

Very often when a dry toilet system is introduced there is a schematic drawing describing  
a) the toilet with a connection to storage tanks of urine and faeces and b) washing machines for 
dishes and laundry and c) a shower and basin for hand washing and d) possible a kitchen sink.  
Usually these drawings present that the greywater from washing machines, shower and kitchen 
sink and hand washing basin is lead to a soil treatment filter. The wastewater from dish machine is  
usually hot with pH at the level of 10 and also the washing machine for cloths tends to use alkaline  
detergent with rather hot temperature. High temperature and alkaline pH are can destroy  
microorganisms. Therefore we might a image that greywaters are microbiologically safe and there 
is no risk for faecal contamination. 

In our soil filter study the hygiene quality of some untreated greywaters was analysed twice from 
two different households both living in North Savo, Finland. The other of these families had small 
children. The greywaters were studied in May and August. The microbiological analyses were done 
within a few hours after sampling. The microbiological determination methods used were normal 
standard methods according to ISO standards or other acceptable methods. 

The maximum number for RNA coliphages was 25 plaque forming units in 100 ml of greywater 
and this result was found once in both household greywaters. The maximum number for  
Escherichia coli was 4.0 ∙ 108 colony forming units in 100 ml and all greywater samples contained 
high numbers of this bacterium. The numbers of enterococci were some thousands colony forming 
 units in 100 ml and enterococci were present in all samples analysed. Sulphite reducing spore 
forming clostridia were found only in both May samples whereas in August samples their number 
was less than the detection limit.  The numbers of heterotrophic bacteria were in the same level as 
those numbers of E. coli. 

The results show very clearly faecal contamination of both greywaters in both sampling times.  
There are so few results that it is not possible to say if the difference between greywaters would be 
statistical significant according to the families or the seasons. It seems that the greywaters need a 
good treatment in order to reduce the microbial indicators and the possible true pathogens, too. 

Keywords: bacteria, faecal contamination, soil filter, viruses, wastewater treatment   
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INVESTIGATION	INTO	DETERMINATION	METHOD	OF	ANTI-MALARIAL	DRUGS	IN	
AGRICULTURAL SOIL ASSUMED AS HUMAN URINE REUSE

Hideaki Miyai, Nowaki Hijikata, Takashi Kakimoto, Naoyuki Funamizu
Department of Environmental Engineering, Hokkaido University, Japan

Email: nowaki@eng.hokudai.ac.jp

Although diffusion of appropriate sanitation is one of the big issue in Millenium development goals, 
one speculation indicates the difficulty in sub-Sahel region in Africa. For this region, it has been 
expected to introduce an on-site wastewater differentiable treatment system, since the system has 
advantage for sewer pipe free, water free and recovery of fertilizer components. Several attempts 
have shown that human urine obtained from the system is available to crops and vegetables as 
a liquid fertilizer. On the other hands, pharmaceuticals contained in the urine might be widely 
spread in environment when urine is directly reused. Assumed as urine reuse in sub-Sahel region, 
behaviors of anti-malarial drugs, which are commonly distributed in the region, in agricultural 
field should be monitored. However, determination method of anti-malarial drugs in soil has not 
been developed, so far. In this study, therefore, the determination method using LC/MS and solid 
phase extraction (SPE) were investigated.

Four anti-malarial drugs, chloroquine (CQ), doxycycline (DX), quinine (Q) and artesunate (AS), 
were focused in this study, since they are highly excreted in urine as unchanged form or commonly 
distributed in sub-Sahel region. As extract solution from soil, water, methanol and methanol +KCl 
were compared in the present study. 0.03 mg of anti-malarial drugs were spiked in 10 g of soil  
mixture (river sand and compost at the ratio of 4:1) and extracted with 30 mL of extract solution by 
shaking and sonication. The suspension was centrifuged and the supernatant was collected. These 
procedures were done again. The collected supernatants were filtered through glass filter and set 
up at 90 ml. Then 30 ml of them were transported in 2000 mL of pure water adjusted pH 2.00±0.05 
with HCl.  The liquid was load in conditioned SPE cartridge (Oasis HLB, 6 cc/ 500 mg) and washed 
with 5 mL of pure water. Target compounds in the cartridge were eluted with 5 ml of acetonitrile 
and 5 ml of mixture of acetonitrile and pure water (1:1). The eluate was filtered and injected into 
LC/MS system. Separations of the targets were done on a SunFire C18 (2.1 × 50 mm, 3 μm) column 
with 10 mM ammonium formate in ultrapure water containing 0.3% formic acid and acetonitrile 
by gradient program.
 
Recovery rate of targets in methanol and methanol +KCl extraction were relatively higher than 
water extraction. The values of CQ, DX, Q and AS in methanol +KCl extraction were 16±1.3%, 
65±2.7%, 80±5.1% and 88±2.7%, respectively, and those in methanol extraction were 9±0.1%, 
50±6.3%, 59±0.9% and 90±2.2%, respectively. Recovery rate of CQ, DX and Q in methanol +KCl 
extraction were significantly higher than that of methanol (t-test, p < 0.05). One reason of high 
recovery of DX and Q in methanol +KCl extraction might be amide radical, since positive charge 
of the amide radical would ionically bound with soil. On the other hands, recovery of CQ, which is 
high log Kow, was not success in the present study. Therefore, extraction with hydrophobic solvent 
(e.g. acetone, dichloromethane) should be further investigated. 

Keywords: urine reuse; anti-malarial drugs; agricultural soil; determination method; LC/MS
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EXPERIMENTAL ANALYSIS OF MICROBIAL INACTIVATION THROUGH  
FECES TREATMENT USING ASH

Hidenori Harada, Yuichi Kimoto, Shigeo Fujii
Graduate School of Global Environmental Studies, Kyoto University, Japan

Email: harada.hidenori.8v@kyoto-u.ac.jp

Urine-diversion dry toilets have been recently used in many locations and feces in the toilet 
are often treated by using ash with a proper retention period in the toilet chamber. Although a  
required retention time for sanitizing feces are generally recognized within a range of 6—12 
months, it will be affected by the condition of fecal chambers retaining feces with ash, and the 
effect on the inactivation rate of pathogenic bacteria is not quantitatively clear. In this study, the 
microbial inactivation process with feces was analyzed based on the experiment of feces treatment 
using ash in controlled reactors. Feces were retained for several months in 17 sealed reactors 
with addition of different quality and amount of ash under 4, 20 and 36 oC, and water content of  
feces-and-ash mixture was adjusted at different levels. Through the retention of fecal mixture, pH 
and water content of the mixture were measured over time, and the numbers of four indicator  
bacteria {Total Coliform (TC), fecal coliform (FC), E. coli (EC), fecal streptococcus (FS)} were 
counted by a plate count method.  

The results showed that the pH of fecal mixtures in each reactor gradually increased after adding 
ash and settled some weeks later. As trends of a bacteria number transition for TC, EC and FC 
were similar but different from FS, the results for TC and FS are discussed below. Results showed 
that inactivation processes were modeled well by a first-order reaction for both TC and FS. Al-
though an inactivation rate constant (k) of the first-order reaction model varied in each retention  
condition of feces, for the results at 20 Co, linear trends were observed clearly between log k and 
pH (R2=0.85 for TC and R2=0.62 for FS) and partly between log k and water content (R2=0.48 for 
TC and R2=0.33 for FS). For results at different temperatures but at a fixed range of pH (9.0-9.1) 
and water content (54.0-56.2), linear trends were shown between log k and temperature (R2=1.00 
for TC and R2=0.88 for FS). This accorded with the van’t Hoff-Arrehenius relationship, and  
temperature coefficient (θ) of k was estimated as 1.06 for TC and 1.03 for FS by using experimental 
results. Thus, we developed an equation to estimate k of a first-order inactivation model based on 
the linear trend between log k and pH, and the van’t Hoff-Arrehenius relationship. This equation 
enable to evaluate the kinetic effects of pH and temperature on inactivation processes. It was  
indicated that an increase of 3 pH will accelerate the inactivation rate by around 100 times for TC and 
FS, while an increase of 10 Co will do by 1.8 times for TC and 1.3 times for FS. A kinetic understanding 
of an inactivation process based on the equation will contribute to the reliable inactivation of fecal 
pathogens through dry feces treatment using ash.

Keywords: Dry feces treatment, ash, microbial inactivation, first-order reaction,  
van’t Hoff-Arrehenius relationship
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CHANGING ATTITUDES TOWARDS DRY SANITATION IN MSUNDUZA, SWAZILAND

Jonna Heikkilä, Jenni Koivisto, Anniina Kirstinä
Technology, Environment and Business, Turku University of Applied Sciences, Finland

Email: jonna.heikkila@turkuamk.fi

Msunduza Dry Sanitation Project is a joint development cooperation project between Turku  
University of Applied Sciences, the Global Dry Toilet Association of Finland and the Salvation 
Army in Swaziland. The project has been ongoing since 2007 with an aim to improve the sanitation 
hygiene in Msunduza Township in Mbabane, the capital of Swaziland, by building dry toilets 
and by providing sanitation education. Furthermore, the project promotes the use of composted  
material in landscaping and as fertilizer in home gardening, thus supporting local food production 
among the poor households.

One of the main challenges in the project has been the prevailing stigma towards human faeces: 
speaking about it, handling it or using it as manure. In 2008-9, a qualitative research examining 
people’s attitudes towards dry sanitation and knowledge on sanitation and its connection to health 
was conducted by interviewing 23 inhabitants in the project area. Another set of qualitative semi-
structured interviews were carried out at the end of 2011 to assess the impacts of the education 
provided in the project. The questions were mainly devised to determine people’s knowledge 
and attitudes towards dry sanitation and the 16 interviewees represented inhabitants in different  
positions of the community.

The results of the first research indicated that the people had difficulties in understanding the  
concept of dry sanitation as well as the connection between sanitation, environment and health, 
or they did not perceive it important. The results of the latest research imply that the education is 
paying off. The concepts are better known and the dry toilets and the use of human manure are  
better accepted. Secondly, the knowledge about the links between sanitation and health has  
improved: the connection between good sanitation and health was better known and people were 
able to list aspects that are important and can pose health concerns. The interviewees valued their 
dry toilets and were motivated to receive more education, though some negative attitudes still exist. 
Thirdly, the “Sanitation Experts”, the local project workers, with a major role in providing the  
sanitation education, have influenced people in managing the dry toilets and motivated them to 
have interest towards safer sanitation practices.

A great deal of positive progress can be seen in the project area concerning people’s attitudes and 
knowledge on health and dry sanitation. However, the process is slow and more education is still  
required. Whilst some of the attitude problems and misbehavior could perhaps have been prevented 
if tackled at the early stages of the project, many of the problems have been unavoidable bearing 
in mind the fast and remarkable in and out migration in the area, which greatly hinders the  
effects of the educations. To ensure sustainability and to reach different target groups it is of extreme  
importance that the given education is long-lasting, versatile and demonstrated with visible results. 
Hence it is also important to find ways to integrate information into existing structures before the 
project ends.

Keywords: attitude, dry sanitation, health, knowledge, stigma
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BIODEGRADATION OF INFECTIOUS BIOLOGICAL HAZARDOUS WASTES FROM HOSPITALS 
BY USING A THERMAL COMPOSTING PROCESS

López Zavala Miguel Angel, Muñoz Daniela, Ramos Edmundo, Lara Carolina
Water Center for Latin America and the Caribbean, Mexico

Email: miganloza@itesm.mx 

In Mexico, approximately 200 ton/day of infectious biological hazardous wastes (IBHW) from  
hospitals and clinics are generated. 75% of them (150 ton/day) are incinerated as required by  
Mexican laws and standards. The rest 25% (50 ton/day) are disposed into landfills and sewage 
systems without proper treatment, representing a serious public health risk. On the other hand, 
currently, incineration is a process under criticism due to the high energy consumption, toxic gas 
emissions, ash disposal necessities and enormous cost of incinerators.  

BIBHW is the named used for biodegradable infectious biological hazardous wastes such as soft 
tissue, blood and plasma. Degradation of BIBHW was evaluated by using a pilot SITTAROB (onsite 
system for the thermal aerobic biodegradation of organic wastes) installed at a private hospital. 
The system biodegrades BIBHW and converts them  into compost that can be reused as a fertilizer 
or soil conditioner. Efficacy evaluation of the system for stabilizing organic matter contained in 
BIBHW and for eliminating and/or inactivating Salmonella spp, fecal coliforms and helminth eggs 
was conducted.

Methods
a) Efficacy of SITTAROB for stabilizing organic matter contained in BIBHW was evaluated 
by conducting simple respirometry tests in extracts obtained from the SITTAROB bioreactor 
(Lasaridi and Stentiford, 1998).  
b) Presence of Salmonella spp, fecal coliforms and helminth eggs in compost was analyzed. 
Quantification was conducted by standard methods described on the Mexican standard  
NOM-004-SEMARNAT-2002 (Utilization of biosolids).

Main Results
a) Pilot SITTAROB was continuously operated from March 15 to December 9, 2011. A total of 
351.58 kg of placenta was treated. Moisture content of the sawdust matrix was kept at 50% in 
average and the matrix temperature ranged from 50 to 60°C. These conditions were propitious 
for the biological degradation process, accordingly to the results reported by Lopez Zavala et 
al. (2005, 2004). 
b) Results of respirometric tests indicated that organic matter in BIBHW is completely stabilized 
during a period of 12 h, approximately because not oxygen consumption was detected during 
respirometric tests. 
c) Compost generated during the degradation process of BIBHW is not toxic for biomass  
activity. This was verified by adding glucose to the extracts and observing that oxygen  
consumption occurred.
d) Microbiological analysis indicated that compost is free of Salmonella ssp and helminthes 
eggs because analysis resulted negative. In case of fecal coliforms, they were present in  
concentrations smaller than 3 as MPN/g. These results denoted that compost is a biosolid type 
A (Excellent) that can be reused as a fertilizer or soil conditioner.

Keywords: infectious biological hazardous wastes, SITTAROB, composting
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THE SURVIVAL OF MYCOBACTERIA IN PURE HUMAN URINE

Pedro O. Orumwense, Eila Torvinen and Helvi Heinonen-Tanski
Department of Environmental Science, University of Eastern Finland

Email: oruspedro@yahoo.com

Little or no information is available on the survival of mycobacteria in human urine when  
considering its reuse in agricultural applications. Human urine contains high levels of both  
nitrogen and phosphorus and its use as plant fertilizer enhances sustainable crop production and 
sustainable sanitation. The risks include the presence of possible pathogens via contamination 
with feces or excretion of pathogens from diseased humans. Most mycobacterial pathogens, caus-
ing for instance tuberculosis and tuberculosis-like infections in other soft tissues or lymp nodes, 
are excreted via human urine if the infection is in kidneys. This may lead to high number of the  
pathogenic mycobacteria in the urine. The application of human urine in crop fertilization could 
therefore establish new transmission routes for disease possible for the persons who are involved in 
the application work. In this study, M. aurum DSM 4399 and M. fortuitum ATCC 6841T were used 
as examples of fast-growing mycobacteria and M. avium ATCC 15769 and a clinical M. bovis BCG 
strain were used as examples of slow-growing mycobacteria to study their survival. The tests were 
done in fresh human urine (< one day old) and stored human urine (> six months old) at different 
temperatures 15°C and 30°C to mimic Nordic and African temperatures. The experimental set up 
has three replicates per treatment for each test organism. Mycobacteria were analysed by culturing 
and all the experiments were performed in four parallel runs. 

The results of this study revealed that all the mycobacterial strains studied survived less than one 
week in stored urine with pH of around 9.0 at 30°C. Survival in stored urine at 15°C was better 
and varied from one to four weeks depending on the strain. Survival in fresh urine at 15°C was 
two to six weeks and in fresh urine at 30°C survival time was two to five weeks after which the pH 
had raised to around 9.0. The results showed that the survival of the mycobacterial strains in both 
fresh and stored urine samples were dependent on pH of the urine and storage temperature. There 
was a negative correlation between the increasing pH and the number of mycobacteria in urine. 
M. fortuitum had the best survival but other rapid-grower, M. aurum, had rather low survival. M. 
bovis had the least survival time for all the urine samples. When recycling human urine for plant 
fertilization, it is advisable to store urine for more than six weeks at storage temperature for at least 
30°C in order to prevent the exposure route for pathogenic mycobacteria.

Keywords: human urine, M. aurum, M. fortuitum, M. avium and M. bovis
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INACTIVATION MECHANISM OF PATHOGENIC BACTERIA USING LIME AND ASH IN 
COMPOSTING TOILET

Rui Tezuka, Nowaki Hijikata, Shinobu Kazama, Seyram K. Sossou, Naoyuki Funamizu
Department of Environmental Engineering, Hokkaido University, Japan

Email: nowaki@eng.hokudai.ac.jp

A composting toilet, which can aerobically decompose human excreta using agricultural waste as 
matrix, has been proposed as one solution for sanitary issue in developing country, since the toilet 
is inexpensive to introduce and can contribute to agricultural production. On the other hands,  
compost from the toilet requires inactivation treatment against pathogenic microorganisms derived 
from human feces before agricultural reuse. Previous study has shown that high pH conditons by 
adding calcium oxide (CaO) was effective for lethal inactivation of pathogenic bacteria and viruses. 
However, information about CaO needs per unit compost in order to inactivate pathogenes and 
inactivation pattern depended on compost pH has been still limited. In the present study, therefore, 
relatioship between applied CaO amount and compost pH was investigated, and then, inactivation 
rate and damage part of Esherichia coli, regarded as a model of pathogenic bacteria, in several alkaline 
 level of compost were observed with three different media.

Compost of rice husk charcoal was prepared as continuously input of pig feces for 1 month.  
Calcium oxide (CaO) regarding as a calcium lime was applied to the compost and the compost pH 
was measured after mixing with pure water at the ratio of 1:20 (w:v). Inactivation rate constant of 
E. coli NBRC3301 in three different pH composts, which were pH 9.65 (without CaO), 10.06 and 
10.39, was also observed in the present study. Adequate CaO and 3 g of autoclaved pig feces were 
mixed in 50 g of autoclaved charcoal compost, and then 0.3 mL of incuvated E. coli suspension 
were inoculated in the compost mixture. 0.3 g of the compost mixture was appropriately sampled 
(0-8 h) and E. coli was extracted with 20 mL of 3% (w/v) beef extract. After adequate dilution (10-
104 times), the all extracts were applied in Trptic Soy Agar (TSA), Desooxycholate Agar (DESO) 
and Compact Dry EC (C-EC), respectively. Then, the media were incuvated at 37°C for one day. 
Inactivation rate constant in each media were separately calculated with colony number of each 
sampling time. 

Applied CaO amount and compost pH had liner relation at the range of pH 9-12. About 19.6 mg 
of CaO was required to lead the 1 g (dry weight) of compost to pH 10. Normarized inactivation 
rate constant, which was mean value of inactivation rate constant with three media, in the pH 9.65, 
10.06 and 10.39 composts were 0.15, 1.15 and 1.92 h-1, respectively. An obvious correration was 
observed between compost pH and inactivation rate constant. In the case of alkalinized compost 
with CaO (pH 10.06 and 10.39), inactivation rate constants in DESO and C-EC media were relatively 
higher than that of TSA. This suggested that CaO application caused lethal damage of outer membrane 
and enzyme activities in E. coli. Because DESO selects outer membrane with lactose medium and 
C-EC selects β-glucuronidase with pepton, pyruvate and lactose medium. 

It was concluded that CaO application linearly increased the charcoal compost pH and promoted 
inactivation of pathogenic bacteria to induce damages of outer membrane and enzyme activities. 

Keywords: composting toilet, high pH condition, inactivation mechanism, pathogenic bacteria
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INACTIVATION MECHANISMS OF PATHOGENIC BACTERIA IN SEVERAL MATRIXES  
DURING COMPOSTING PROCESS IN COMPOSTING TOILET

Seyram K. Sossou, Rui Tezuka, Nowaki Hijikata, Mariam Sou, Naoyuki Funamizu
Department of Teaching and Research in Water Efficiency Management and Sanitation, 

International Institute for Water and Environmental Engineering, Japan
Email: seyram.sossou@2ie-edu.org

A composting toilet has the potential to trap pathogens and can reduce their number in several  
conditions. In the toilet, sawdust has been normally used as composting matrix, which plays a role of 
giving gas phase for aerial fecal decomposition. To adapt the toilet in all over the world, alternative 
matrix is necessary because of limitation of sawdust availability. It has been suggested that rice 
husk and charcoal from rice husk were effective for fecal decomposition as the matrix; however the  
inactivation of pathogen in theses matrixes has not been examined, so far. Therefore, this study 
aimed to compare the inactivation rate and the mechanisms of pathogenic bacteria in these three 
matrixes during composting process. 

Composts from sawdust, rice husk and charcoal were made by continuous mixing with pig feces 
(as substitution of human feces) for one month and two month. Besides, pure matrixes of these 
materials were also prepared. The inactivation rate of pathogens were evaluated with Escherichia 
coli NBRC3301 as a model of pathogenic bacteria and the damaged parts and/or functions during 
the composting were evaluated with three different media, which were Tryptic Soy Agar (TSA), 
Desoxycholate Agar (DESO) and Compact Dry EC (C-EC). An adequate E. coli was inoculated to 
3 g of human feces and 50 g of pure matrix or compost before incubate at 37°C. After every 2 hours 
for 8 hours, 0.3 g of the samples were collected and extracted the E. coli with 20 mL of 3% beef  
extract. After adequate dilution, the all extracts were applied in the three media. Then, the media 
were incubated at 37°C for one day. Inactivation rate constant in each media were separately  
calculated from colony number of each sampling time. pH of each sample was measured after  
mixing with pure water at the ratio of 1:20 (w: v). 

Normalized inactivation rate constant, which was average of the inactivation rate constant in three 
media, in three matrixes (sawdust, rice husk and charcoal) had no significant difference in each 
process (pure, 1 month and 2 months). Besides, the value in rice husk was relatively increased  
during 2 month (from 0.11 to 0.24 h-1) but there was no significant difference (ANOVA, p=0.07). 
On the other hands, inactivation rate constants of TSA and C-EC in pure sawdust and rice husk 
were relatively lower than that of DESO, but increased in 2 month. This indicated that damaging  
part was changed from only outer membrane to enzymes and metabolisms during 2 month  
composting process. In the case of charcoal, only the TSA value in pure matrix was relatively lower 
than that of others, but it increased in 2 month. This indicated that damaging part was changed 
from outer membrane and enzyme to metabolisms during the composting process.

The present study suggested that composting matrix and composting process did not significantly 
affect inactivation rate of pathogenic bacteria, but these differences affected damaging part of the 
bacteria. Especially, composting process, accompanied with pH increase, changed the damaging 
part more lethally.

Keywords: alkaline pH, composting matrixes, composting toilet, inactivation mechanism,  
pathogenic bacteria
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EXPERIENCE OF BIOTOILET INSTALLATIONS IN THE FRAME OF THE INTERNATIONAL 
FINNISH RUSSIAN PROJECT

Tatjana Regerand, Yu Protasov, A. Kiuru, S. Pakula, R. Kiukas
The co-operation between the Northern Waters Problems  

Institute Karelian Research Center
Russian Academy of Sciences and the Global Dry Toilet Association of Finland

Email: regerand@nwpi.krc.karelia.ru

The cooperation between these organizations was started in the frame of the joint project 
№HEL6312-23/14.2.2008 “Development of sanitation in Karelian villages”. The project was  
prolonged up to 2012 and conducted by independent stages in co-operation with Ministry of  
Education of Republic of Karelia and State Historical, Architectural and Ethnographic Reserve-
Museum KIZHI.

According to the information got from the Ministry of Education of Republic of Karelia  
(http://minedu.karelia.ru) there are schools and children summer camps without the modern toilet 
equipment. The first object constructed at 2010 was the children summer camp. This object is very 
popular especially in summer school vocation period for the children coming from all regions 
of Karelia and North-west Russia, who are interested to conduct different research investigations  
concerning the nature and environment.
 
The second pilot-object is the secondary school. There are about 75 pupils at the school. The school 
building is very old but still in a good condition. There are different possibilities for the pupils with 
library, sport hall, research laboratories and computer class. The idea was to improve the sanitation 
situation using the available modern technologies and old facilities.

The State Historical, Architectural and Ethnographic Reserve-Museum KIZHI (http://kizhi.karelia.
ru) is a centre of global tourism – the yearly tourist traffic is about 200 000 people. Given that Kizhi 
Island is situated in Lake Onego, implementation of the project aimed to improve environmental 
situation on the island is also topical, as it would reduce point-source impact on surrounding  
waters. The main idea of this project part was to present the information and make the wide  
popularization of the dry toilet possibilities. In 2010-2011 3 dry toilet of different modification were 
constructed at the Kizi Island. One of the modifications was done as the mobile constructor and 
transported three times to the different holidays places according to the needs of about 300 people. 

The handbook  “Dry toilet is important!” prepared and published by the project is one of the main 
results available for the general public in electronic and paper versions. The handbook contains 
multifarious information about the dry toilets beginning from the idea description, present models, 
planning and construction, maintenance stages and rules for compost utilization.

The project international group is looking with the great hope for the future. The larger work has 
been done together for the health and well-being of the people and environment. 

Keywords: schools, summer camps, tourists, Kizhi Island, ground waters, biotoilets 
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IMPACT OF HYGIENE EDUCATION IN TEN COMMUNITIES OF BORNO STATE, NIGERIA

Mrs. Aisha Hamza
Ministry of Urban and rural water supply, Maiduguri, Nigeria

Email: aishbary@yahoo.com

Hygiene is an act or practice geared toward preventive measures to reduce the contact / spread of 
diseases and a key part in quality assurance. Hygiene practices depend very much on one’s abil-
ity to adopt and practice certain behavioral changes. These include personal hygiene like hand  
washing, environmental hygiene such as proper waste disposal, keeping the environment tidy.  
Domestic hygiene such as use of safe water supply for consumption and otherwise. Personal  
hygiene such as bathing and keeping the body clean, especially during menstruation period.  
Inability to adopt and practice these hygienic measures can result in the transmission of diseases 
like worm infestation, abdominal pain, vaginal discharge, typhoid, diarrhea, eye infestation,  
cholera etc and sometimes death. Good hygiene behavior lead to healthy living and can be achieved 
by educating and sensitizing people on the need to adopt and practice such hygiene behaviors. 

Ignorance, poverty and sometimes socio-cultural habits are contributing factors to poor hygiene 
practices. Culture has played a great role in unhygienic practices during menstruation in some 
communities. Borno is a state in Nigeria that is backward in education, where most of the people 
live in rural communities and are poor. Before the introduction of hygiene promotion intervention, 
 these communities defecate in the open, behind their houses by children. Adult men and women 
go to the farm area to do it. Only few households had latrine in most of the communities. There was 
a belief that faeces are a good source of fertilizer and because they cannot afford enough fertilizer on 
their farms, faeces are used to supplement it. Men don’t eat their women food during menstruation. 
Bathing is culturally banned for menstruating women. Hand washing was practiced by only 
few and was done without soap, even after washing child buttocks. However, education and  
sensitization of the people has led to tremendous results and achievement. 

Children, women, religious leaders, community based organization (CBO), school teachers and 
youth were the main target in this work. Effects of household sensitization where more latrines were 
constructed and open defecation reduced are (180) 15.5%. Women washing hands after cleaning  
child buttocks (120) 10.33%. Hand washing after visiting the toilet (102) 8.8%. Women cleaning 
their hands before preparing food (137) 11.8 %. Hand washing before and after eating (158) 
12.9%. Women washing their hands before breast feeding (94) 8.1%. Women using clean rag and  
washing hands after changing menstruation rag (126)10.8%. Keeping the environment clean (85) 
7.3%. Regular bathing (73) 6.3%. 

SIGNIFICANT OF THE STUDY:
Water and sanitation activities (WASH) is being promoted across the state and Shani local  
government was chosen, couple with the cholera outbreak in the year 2009/2010.  The impact of the 
program has helped improved their sanitation and hygiene behaviors and since then, no incidence 
of cholera outbreak in most of the villages/communities in the local government till date. 
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AIMS AND OBJECTIVES:
•	 To impact good sanitation and hygiene behaviors amongst the people in villages and  

communities across the local government, in order to prevent future occurrence of  
cholera outbreak and enhance good sanitation and hygiene practices.

•	 To sensitized the people in order to construct/ build latrine in their houses.    
  
DISCUSSION:
This work reveals the effects of household sensitization, where latrines were constructed and 
open defecation reduced, followed by increase in the number of people washing hands before and  
after eating. Women clean their hands before preparing food. Women had learned to use clean rag 
during menstruation to avoid vaginal infection and to wash their hands after changing. Washing 
hands after cleaning child buttocks is being practiced. Hand washing after visiting the toilet has  
improved as compare to when not sensitized. Washing hands before breast feeding is also practiced.  
Environments were kept clean and this will reduce the menace of mosquitoes and regular bathing 
by most of the villagers/community members was enhanced. 

Keywords: hygiene behavior, menstruation, hand washing, hygiene, Borno*
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DRIVERS OF SUSTAINABLE SANITATION IN RURAL SYANGJA, NEPAL

Narayan Singh Khawas
Rural Water Supply and Sanitation Project in Western Nepal (RWSSP-WN)

Email: nskhawas@gmail.com

Sustainable sanitation is always challenging to the poor and developing country like Nepal. Numbers 
of sanitation program implemented in Syangja districts since decades as on other districts of  
Nepal but the health and sanitation scenario remained almost same. Now syangja has changed the  
approach and its drivers accepting the community led total sanitation since 2009 and focused on 
the total behavioral change on sanitation. Syangja has practicing different drivers for the sanitation.  
Now, overall sanitation scenario of the district is changing on every month with the open  
defecation free declaration on different clusters/village development committees due to the  
appropriate sanitation drivers and policy of local government.

The well accepted approach is the Community Led Total Sanitation (CLTS) where the communities 
conduct their own analysis, come to their own conclusion and take their own action for behavioral 
change on sanitation. The focused drivers are triggering with shit to shock and disgust to the  
communities, search of best fitting toilet on their locality by communities own self and their own 
process of implementation. 

Syangja has realized the behavioral change is key thing in health and sanitation and focused 
on Community Led Total Behavioral Change in Health and Sanitation (CLTBCHS) approach 
with the entry of bilateral program, RWSSP-WN funded by government of Nepal and Finland.  
Syangja implemented this government program focusing sanitation as an entry point with different  
sanitation drivers preparing District WASH Implementation Guidelines (DWIG) and district 
sanitation strategy discussing with district stakeholders and endorsed from the district council.

Total Behavioral Change (TBC) trainings and triggering started from every communities and  
village development committees with the different tools of CLTBCHS. Seven led TBC facilitators 
trained more than 1412 volunteer facilitators, 70 social mobilizer, 27 female community healths 
volunteer on 61 training events and mobilized for the triggering facilitation and follow up. District 
Development Committee (DDC) and Village Development Committees (VDCs) have rewarding 
to the best communities and practices. Now, more than one third VDCs of the district are open  
defecation free (ODF) and received rewards from district. The received rewards are using to 
upgrade the toilets. Nepal government has endorsed the National Sanitation Master Plan 
(NSMP),2011 with the provision of different institutional arrangement like District Water  
Sanitation and Hygiene Coordination Committee (DWASHCC), district water sanitation and  
hygiene unit, Village Water Sanitation and Hygiene Coordination Committee (VWASHCC) 
which strengthening the concept of behavioral change on sanitation. Now, this kind of sanitation  
revolution is spreading out within the rural syangja which is due to the best choices of sanitation 
drivers and community led practices.  

Keywords: triggering, practices, behavioral change, sustainable sanitation
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GAS RELEASE AND VENTILATION IN A DRY TOILET – 
COMPARISON BETWEEN DIFFERENT MODELS AND USER RATES

Hilda Marta Szabo, Pui Ki Tsang, Eeva-Liisa Viskari
Tampere University of Applied Sciences, 

School of Industrial Engineering, Environmental Engineering, Finland
Email: hilda.szabo@tamk.fi

Source separation of human urine and faeces is the technique by which the nutrient cycle can 
be closed, pathogen and pharmaceutical control can be efficiently realized and energy and water 
consumption can be significantly reduced. Composting the human excreta separated in a source 
separating toilet is a widely applied procedure for stabilizing its organic matter content. However, 
for optimal functioning, this process requires a proper ratio of C/N/O/humidity. Although much 
about composting is known already, the composting of human excreta is still not fully understood. 
Due to evaporation and aeration of the composting tank, precious nutrients, mainly ammonia-N 
can be lost. Proper humidity is essential in maintaining the microbial activity in the compost- 
mixture, which is the key factor in achieving effective composting. Water content of the solid  
compost mixture can be significantly decreased by too intensive ventilation that affects directly the 
composting performance.  

The main aim of the study is to understand the composting process and gas release of the excreta 
in two different dry toilet models. The dry toilet models used are commercial product Naturum, 
where urine is separated and only the faecal matter is composted in the toilet. Another model is a 
pilot model with a mixed compost-tank. In addition to the monitoring of the compost process the 
gas measurements were used in adjusting and finding the optimum ventilation rate for the toilets. 
By far the main problem found was the low water content of the compost, caused assumable by too 
intensive ventilation. Therefore we conduct a study for measuring the air flow over a three months 
time period, with the scope of optimizing the air exchange and consequently the composting  
process. Additionally we measure the gas composition in the ventilation pipe of the compost tank 
in order to follow and understand better the composting process and eventually quantify the  
N-loss.

Gas composition is measured manually by a gas sensor GA 2000 Range gas analyzer in the  
ventilation pipe of source separating dry closet and automatically by the Sensorex Sx2025A,  
installed in the ventilation pipe of the mixed compost tank. Manual measurements are done three 
times per week. The automatic measurements are done every 30 minutes. Air flow measurements  
are done before and after each air flow adjustment. Air flow is adjusted based on the condition 
 of the compost and gas measurement results. The results of the measurements and air flow  
adjustments are discussed and suggestions for the optimum conditions are made. 

Keywords: humanure, gas, faeces, compost, ventilation, air flow
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PERFORMANCE EVALUATION OF THE ECOLOGICAL SANITATION SYSTEMS IN NAKURU

Raude, James.M, Maina, C.W and Mutua, B.M
Department of Biomechanical and Environmental Engineering, 

Jomo Kenyatta University of Agriculture and Technology, Nairobi, Kenya
Email: ramesso@yahoo.com 

Nakuru is faced by serious sanitation challenges associated with population pressure caused by  
rural-urban migration of people, especially the youth in search of employment. The migrants end 
up settling in densely populated peri-urban areas where most household are not connected to 
the central sewer system. As a result of this, the limited sanitation facilities available are stressed  
further. Additionally, 70 percent of the entire Nakuru residential area is not connected to the main 
sewer system thus, posing a sanitary danger to the peri-urban dwellers. The geologic nature of 
Nakuru further complicates the potential of developing available options of traditional sanitation 
systems particularly the pit latrines for faecal matter collection and greywater management. The 
dry toilets are therefore a promising alternative to compliment the pit latrines and have several  
advantages amongst them, the potential for resource recycling and utilization by the urban poor who  
practice subsistence urban agriculture. To understand the intricate challenges faced by Nakuru  
Municipality residents, an evaluation of the performance of urine separation composting toilets was 
conducted using a semi-structured questionnaire targeting the beneficiaries and key informants 
in the informal settlements. The questionnaire aided in gathering information on use, acceptance 
amongsts the users and management of the ecological sanitation systems which were established 
under trial utilization by various players. 

Use of the dry toilets was higher than anticipated and user acceptability was observed to have grown 
by an average of 8% within the five year period. The evaluation further revealed that with donor 
support, the Municipality has recorded a tremendous growth in the development of decentralized 
systems mainly the urine separation composting toilets over the last five years. During the study 
period, operation and maintenance of the urine separation  composting toilets was observed as the 
main challenge because of the labour intensive maintainance associated with them. It was further 
observed that the dry toilets require well informed and motivated users to achieve good operation 
and maintainance standards.The Municipality experiences water shortages and is classified as water 
scarce but, more people are willing to invest in the dry toilets to reduce competetion for the scarce 
resource. The innovative nature of these systems lies in the fact that the by-products are nutrient 
rich though utilization is hampered by cultural barriers strongly influenced by low literacy levels. 
It was also found that financing sanitation within Nakuru Municipality posses a serious challenge  
because this is not considered an immediate preference by local investors.  Despite the observed 
great potential of the dry toilets in rural and peri-urban areas, more emphasis needs to be laid 
on the software component complimented with the hardware component. To improve on the  
technology uptake, suggested technical modifications on the design criteria should be considered. 
The entire process should be viewed holistically with the focus of developing a site specific  
sanitation value chain aimed at sustainable management of the biosolids and separated urine under 
public-private partnership models.

Keywords: ecological, sanitation, peri-urban, urban-agriculture
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EXPERIENCES	OF	URINE	DIVERTING	DRY	TOILETS	(UDDT)	IN	ARBA	MINCH,	ETHIOPIA

Kinfe Kassa Ayano, Beshah Mogesse Behailu
Arba Minch University, Ethiopia

Email: Kinfe_k@yahoo.com, Beshahnb@yahoo.com

Arba Minch has a population of 110,133 and characterized by loose soil, sloppy ground, flooding 
during rainy season and in some places rocky ground. The town has bimodal rainy seasons with 
peaks in May and October with an average temperature of 290c in Great Rift Valley. The cost of 
digging a toilet pit is expensive because of the soil nature in combination with low income of the 
majority of the population which is exhibited by shallow and poor quality toilets. According to the 
survey of four hundred households in the town, 10% use open defecation, majority of the rest of 
the pit latrines are constructed with two to three log floor, shallow depth and almost with no super 
structure but only privacy cover (Teklemariam, et al. 2007).  Since the pit wall and floor is not lined, 
the sludge is mixed with soil which makes regular truck de-sludging impossible. 

As part of improving sanitation and toilet systems, urine diverting dry toilet (UDDT) was  
introduced in Arba Minch Ethiopia in 2006 by ESE (Ecological Sanitation Ethiopia) and ROSA 
(Resource oriented sanitation concepts for peri-urban areas in Africa). In the town about fifty-six 
UDDT toilets were constructed todate with full, loan or partial cost paid by the owner: schools, 
communal or individual households. At household level, most of the systems are single vault with 
exchangeable containers for faeces. After each use wood ash is added to cover and dry the faecal 
matter and is stored for desiccation in the first container until the second one is getting full. Urine 
is drained via a pipe to a sealed urine tank and transported for co-compost production with dried 
faecal matter by organized solid waste collectors. The owners pay transport fee.

UDDT is one of the best options to solve the problem of the town but the low demand for  
co-compost produced from UDDT products as input is the main challenge for slow acceptance 
by the community (affects sustainability and cost) although there is a two year term loan. Because 
the organized youth groups who produce co-compost are not getting enough income, they tend 
to search for alternative or additional jobs. This makes the market chain weak and discourages 
new UDDT construction in the town. In order to see their status 9 UDDT and the composting  
association were surveyed. For instance, some UDDT owners lacking transporting the products so 
they search for their own solution to discard urine: one UDDT owner drain the excess urine into 
soak pit, one school spilled the urine in old pit latrine after applying in their garden. In order to  
increase demand and ensure sustainability of UDDT toilets, the municipality and other NGO 
should strengthen the transport system, co-compost production and increase awareness of  
co-compost use above all search for co-compost market in the nearby farmlands. When this is  
successful, the conventional waste disposal system is eventually changed to ecological oriented 
system at a good pace and UDDT might be popular by the public.

Keywords: UDDT, Arba Minch, co-compost, sustainability, pit latrines
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TWO	YEARS	AFTER	DONOR	FUNDING	ENDED	-	MOTIVATING	FACTORS	FOR	SCHOOLS	TO	
KEEP	THEIR	URINE-DIVERTING	DRY	TOILETS	(UDDTS)	CLEAN	AND	WELL	MAINTAINED

Kirsikka Pynnönen, Tuula Tuhkanen, Wyckliffe Osumba, Moses Wakala, 
Christian Rieck, Elisabeth von Münch
Tampere University of Technology, GIZ
Email: kirsikka.pynnonen@gmail.com

The Ecosan Promotion Project (EPP) in Kenya, funded by EU, GTZ and Sida, was promoting  
appropriate ecological sanitation (ecosan) technologies during the project period (2006-2010). 
Urine Diversion Dehydration Toilets (UDDTs) were built in 73 primary and secondary schools 
throughout Kenya with four units in each school. 

The purpose of the research in question was to monitor and post-evaluate UDDTs implemented 
by EPP, two years after the constructions. In November 2011 and January 2012 five schools were 
visited and evaluated in southern Nyanza province and five in Western province. The schools 
were selected on the basis of good performance in operation and maintenance (O&M) of their  
UDDTs. The constructions of the UDDTs were financed by EPP but maintenance is organized 
and funded by the schools themselves. Generally a common problem for sanitation projects is 
poor long term maintenance of the facilities, after the donor funding for construction and initial  
training has stopped.

Monitoring and post-evaluation focused on how the facilities are being managed and used.  
Methods for this were on-site observations, interviews and discussions together with teachers,  
pupils and caretakers. The research objective was to determine the reasons for the good practice, 
but also to identify the problems and reflect the results to improve O&M systems in the future. 

One major problem observed was gradual disappearance of the initial motivation and knowledge 
from the school, often when the person in charge of sanitation left the school. This can be prevented 
if several persons from the school are engaged into the new sanitation system. In all the ten visited 
schools, the project implementation and awareness creation were successful and i.e. one of the most 
important issues, ownership, had been formed, as the school administration was always involved 
into the planning and constructions. In each school new pupils are trained annually.

Mainly two different options for organizing O&M were observed; either by an employed caretaker 
(grounds man, cleaner) or by students, together with help of teachers, and who were organized in 
school clubs, and were in charge of cleaning, litter disposal, small repairs, unblocking the pipes, 
provision of ash, emptying the containers, and utilizing the urine and compost from UDDTs on the 
school farms. In the best performing schools there was always at least one very motivated person 
leading and taking responsibility of the sanitation and its maintenance. 

According to the results of this research, an important factor motivating the schools to keep their 
UDDT facilities clean and in good condition, were the actual benefits received from the sanitation 
systems such as clean and comfortable toilet facilities, healthier environment, e.g. very low risk 
for ground water pollution and spreading of pathogens into the surroundings, saved space on the 
school yard as UDDTs can last long at the same spot, and possibility to use the UDDT products  
either as fertilizers or soil conditioner. These benefits and good results lead to motivation and  
deeper engagement and to continuity. Especially utilization of UDDT products indicates that the 
concept of ecological sanitation and technology of UDDTs have been accepted.

Keywords: UDDTs, ecosan, monitoring and post-evaluation, operation and maintenance
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OPERATION AND MAINTANANCE CHALLENGES TO PROMOTE DRY TOILET IN NEPAL:
A CASE OF ENPHO ECOSAN PROGRAMME

Rajesh Upadhaya (Adhikari), Mahidul IslamBrack Bangaldesh, Bhushan Tuladhar,  
Dr. Suman kumar Shakya, Kasikant Thakur

Environment and Public Health Organization (ENPHO), Nepal
Email: rajesh.adhikari@enpho.org

Environment and Public Health Organization (ENPHO) has been working on Water,  
Sanititation and Hygiene (WASH) sector since two decades. It started implementing Ecologica 
Sanitation (EcoSan) programme since 2002. EcoSan, being a new type of toilet technology where 
urine and faeces are collected separately and then used as agriculture fertilizer after composting, 
is thought to bring a paradigm shift in sanitation sector particularly in a developing country like 
Nepal. The system is capable of creating a win win condition in all sectors of sanitation, health/ 
hygien and agriculture at a time because it closes a loop for nutrients recovery for crops out of  
human urine and faeces. In the backgroud of thousands of deaths taking place annually due to 
poor hygine and sanitation, million dollors of financial loss and critical status of malnutrition in 
women and children in the counrty, further promotion and adoption of ecosan technology can be a  
blessings as almost 85% of the people in the country is directly or indirectly dependent on  
agriculture. ENPHO has got encouraging experience while implementing ecosan program. People 
have shown keen interest in this technology and demand of the same is increasing. ENPHO has 
got Some 500 ecosan toilets built within Kathmandu valley and some piloting programs in few  
districts outside the valley. Based on the principles of operation and maintenance four types of EcoSan 
toilet are in use so far e.g.  (i) Double Vault Urine Diversion (DVUD), (ii) Single Vault Moveable  
Container Type (SVMCT) (iii) Two Vault Solar Model (TVSM) and (iv) Urine Diversion Pour 
Flush (UDPF). However, construction, use and operation & maintenance of such toilets are not 
free of faults as per the organizational and community experience. 

The major challenges encountered so far are 1. Insufficient choice in respect of quality and  
design of ecosan pans 2. Urine squirting back to body, sometimes even up to face. 3. Uncomfortable  
footstep design of the pan made of fiberglass 4. Cracking of the footsteps, bad smell and blocked 
in the urinal system 5. Absence of skillful local masons 6. Cultural and psychological barriers. 
Besides, lack of appropriate training orientations and awareness raising programs and effective 
monitoring and supervision systems have been a challenge for the reliable and sustainable  
development of EcoSan. There fore, this paper will explore details about the aforsaid problems 
including operation and mantinannce challenges to acceleate the promotion of dry EcoSan toilet 
in Nepal.

Keywords: environmental sustainability, cultural adaption, new horizon
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GIS APPLICATIONS TO OPERATIONAL AND MAINTENANCE OF DRY TOILETS; 
CASE	OF	MADIMBA-ZAMBIA

Obed C. Kawanga, Tsoka Phiri. K
Central Statistical Office, Lusaka, Zambia

Network for the Environmental Concerns and Solutions
Email: Okawanga2001@yahoo.com, ngo.necosinfor.necos@gmail.com

The paper discusses the practical experiences on GoegraphicalInformation System (GIS)  
application to operational and maintenance of dry toilets and the development of service chain 
delivery (collection, treatment, disposal/re use of products) from the dry toilets which are  
constructed in Madimba, one of the fragmented urban sprawl settlement. The Madimba project is 
support by Global Dry Toilet Association of Finland has the main financier. The paper emphasises 
on the development of the first ever sustainable sanitation (dry toilet) service chain delivery in 
the fragmented urban sprawl of Lusaka. The GIS data base indicates among other things the  
geographical position of a toilet, distribution, classification, family size and estimated number of 
users. The other key variables are the date of construction, toilet type, chamber capacities, faecal 
and urine generation rates, empting intervals and the collection routs. It also includes information 
on the occupancy status, maintenance required and risk factors relating to likely outbreak of  
communicable preventable disease.

The application of GIS has proved to be a suitable and effective approach for managing the  
operations and maintenance of dry toilets in the fragmented urban sprawl. The GIS approarch 
also facilitates the  maintenance and effective operation in service chain delivery as it integrates  
technological aspects, socio-cultural and the economical status of the pro-poor urban sprawl. The 
GIS conceptual design of the operational and maintenance of dry toilets, also helps to come up with 
effective up-scaling intervention strategies that directly or indirectly provide diverse solutions to 
sustainable sanitation service chain delivery and promote community participation.

Integrated indigenous knowledge on sanitary options creates easy acceptance of dry sanitary  
technologies.The dry sanitation systems are suitable in high water table, karstic rock formation, 
sandy  and limited residentioal plot space like in Madimba. Majority of the people in the peri- 
urban Madimba community are vulnerable and poor, hence when implementing sustainable  
sanitation options should consider small incentives or and small loan scheme for the project to 
succeed. The Households’ economic status has a very big influence on community participation on 
dry toilet service chain delivery. Therefore, integrated community based environmental sanitation 
projects should consider income-generating activities.

The dry toilet service chain delivery in low income communities’ greatly enhances the ability to  
improve environmental sanitation, household food security, social status, living environment 
and the general living conditions. The paper also  points out negative and positive experiences on 
how dry toilet sanitation service chain delivery are implemented through integrated indigenous  
knowledge, gender perspectives, cultural background as well as the socio-economic situations of 
the vulnerable groups of the poor. 

Keywords: GIS, fragmented, urban-sprawl, service-chain, operational
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DRY TOILETS CAN OFFER A SUSTAINABLE WASTEWATER TREATMENT SYSTEM 
 IN RURAL AREAS

Amani George Rweyendela, Antero Luonsi, Eeva-Liisa Viskari (presenter)
Tampere University of Applied Sciences, School of Industrial Engineering, 

Environmental Engineering, Finland
Email: amageous@yahoo.com

The amendment of the Onsite Wastewater Treatment Decree (209/2011) in March 2011 compelled 
homeowners in rural areas to investigate ways to improve their wastewater treatment systems. This 
study was carried out in July-December 2011 to evaluate four alternative wastewater treatment  
systems for unconnected homeowners in Kautiala which is a rural area in North East of the  
Kangasala Municipality. The four alternatives were upgrading the existing septic systems by  
constructing sand filters with improved phosphorus adsorption, using bio-chemical package plants, 
connecting to the cooperative wastewater sewer network in the area and using dry toilets. The  
implementation of dry toilets is not affected by the properties’ geographical location, geological 
or soil conditions. Closed container dry toilets are a more sustainable option than the fully closed  
collection tanks for properties in environmentally sensitive islands and lake shores where water 
toilets are forbidden. They are the most economically viable solution for summer dwellings which 
make 64% of the study area properties; they do not require constant attention, energy, chemical or 
water supply. 

Dry toilets meet the new legislation’s requirements with average removal rates up to and even above 
94%, 84% and 64% of organic matter, phosphorus and nitrogen respectively. A combination of 
a separating dry toilet and a greywater purifier offer a sustainable long-term onsite solution to 
meet even stricter requirements in the future without the need for new investments. The system  
effectively employs source-separation: the greywater purifier contains up to 60% of the organic 
matter and the urine canister contains up to 80% and 50% of nitrogen and phosphorus  
respectively. The acquisition and installation costs were the lowest and most flexible of the four 
alternatives, costing between 200-3800€. The operation and maintenance costs were also the  
lowest and most flexible depending on the model and household conditions, costing between 
10-60€/month. Reasonable sewer connection costs are 10,000-12,000€ and require collective  
application due to distant property locations, annual wastewater services cost 365.4-594€/household. 
Sludge pumping from package plants and septic systems is expensive, costing 100-150€/pumping 
which is done 1-3 times/year. 

The drawbacks of implementing dry toilets include social misperception about the idea of separating 
urine and feces and utilizing one’s feces and the notion that flushing toilets denote civilization. 
Technical setbacks include constant odors, insects risk and limited load treatment capacity.  
Economic setbacks include the need to buy a greywater purifier and high energy costs for the 
highly automated models. Legal drawbacks include restrictions on the utilization of toilet compost 
which limit large-scale implementation of dry toilets and necessitate the collection, storage,  
transportation and disposal of excess compost which can be expensive.

Keywords: composting, filtration, sustainable, onsite, greywater, sludge, dry toilet, urine
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HOW TO MAKE SUSTAINABLE SANITATION REALLY SUSTAINABLE – 
UP-SCALING	OF	ECOSAN	(UDDT)	IN	KYRGYZSTAN,	CENTRAL	ASIA

Anara Choitonbaeva, Dr. Claudia Wendland, Fedde Jorritsma
WECF, KAWS

Email: achoitonbaeva@list.ru

In 2006, UDDT technology was introduced in Kyrgyzstan to establish starting conditions for  
nationwide introduction of sustainable sanitation. Since then, more than 100 individual UDDTs 
have been installed in different parts of the country. The barriers and level of acceptance were 
analysed two years after the start up and the following indicators were identified to be crucial 
for acceptance or non-acceptance of the UDDTs (Jorritsma et al 2009): smell prevention, person 
who constructed the toilet, person who was trained, number of vaults for storing faeces, financial  
contribution of UDDT owner, and groundwater table.

Critical issues related to sustainability might not become apparent in the first years although a wide 
range of well known accompagnying factors such as awareness raising, trainings have been accom-
plished but arise much later, sometimes after the project monitoring is finished.

After working 5 years in Kyrgyzstan, one key for sustainability could be clearly identified: Linking 
sanitation to other sectors like drinking water and energy. The Kyrgyz Alliance for Water and  
Sanitation (KAWS) works together with existing community based water users unions (CDWUU) 
in the rural area of Issyk Kul. The CDWUUs supported the introduction and up-scaling of the 
UDDT from the beginning. The CDWUUs provide the trained expert staff that support the people 
to construct their own toilet. They are equipped with a pump and offer the service to pump out 
the urine from the tanks and apply it on the fields. They also offer the service to maintain the toilet 
facility.

The urine diversion seat most commonly used is made of concrete and must be re-painted from 
time to time. Also if there is a smell problem, the staff members from the CDWUUs are able to  
diagnose the root cause of the problem and solve it. For all these services, they require a small fee to 
cover their costs. Even poor people pay these fees to have a well maintained toilet. Some CDWUUs 
started recently to construct resource centers in the villages where they can even better support the 
construction and the O&M of the sanitation facilities. 

Such a community based institution like the CDWUUs which is accepted and recognised by the 
community and which assists with the O&M tasks, is a precondition for the long term success 
of sustainable sanitation. For further up-scaling, KAWS and the CDWUUs are now starting to  
provide a micro-finance credit mechanism with a social interest rate that most villagers can afford 
to construct their own UDDT.

Keywords: ecosan, up-scaling, micro-credit, operation and maintenance
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BRINGING THE ECOLOGICAL BACK TO SANITATION –

THE NEED FOR CHANGES IN ATTITUDES, PRACTICES AND POLICIES

Mia O’Neill
Tampere University of Technology, Finland

Email: mia.oneill@tut.fi

Ecological sanitation (ecosan), involving proper treatment of wastewater and nutrient recycling, 
returning the nutrients back to nature and balance between community development and  
environment, is socially, economically and ecologically sustainable option. It is also an ancient 
method, as “humanure” has been considered fertiliser as long as agriculture has been practiced. 
Yet, with the development of waterborne sanitation, the practice has been deemed unhygienic and 
thus forgotten, even banned in some countries. But what determines the development of a practice 
becoming a norm or a trend? Why did the attitudes regarding ecosan change and could they change 
back, bringing the ecological back to sanitation? This paper will discuss these questions in the light 
of World Polity Theory. 

Human being, just like any other animal, eats food which is then digested and used as energy. 
The part that cannot be consumed is excreted, and the leftover nutrients are returned back to the 
natural cycle. Animals do their business in the wild on soil, and so their excreta return the valuable 
nutrients to enrich the soil. However, humans in many countries mix their waste with water and 
allow it to eutrophicate and pollute the water used for washing and drinking, which may easily lead 
to epidemics. 

Development can be brought on by several factors. It can be the need for improvement or the ability 
to innovate – or simply the want for a change. In the case of sanitation, several aspects have taken us 
from bushes and pit toilets to where we are today. Yet, the norms and the common cognitive models 
are brought on by - what? It can be argued that waterborne sanitation has become a norm because 
it is considered as such in Western countries, but there are alternatives to it. 

This paper will examine the reasons behind the development chain of sanitation both in the  
developing as well as developed countries. It can be noted, based on the World Polity Theory, that 
the driving force behind any societal change can be narrowed down to IGOs and NGOs form a 
“world society”, thus conveying a model on how to operate. The theory goes on suggesting that 
associations, affecting on global norms, will eventually bring on new trends and policies, such as 
can be seen in several examples on global environmentalism. Through this common global culture, 
new practices are allowed to emerge and become normative. 

Examining societies, an attitude towards ecological sanitation can be detected. Taboos come in 
many forms: somewhere toilets cannot be spoken of or nutrient recycling is a strange concept. 
Others swear in the name of water closet and perceive water as a cleansing instrument rather than 
a medium for spreading disease. These attitudes vary from country to country but they do have 
much in common - as if they were shaped by the same cognitive models. 

Yet, decisions are needed in order to turn sanitation practices into more ecological direction.  
Alternatives to mining phosphorus and proper management of wastewater are required globally, 
not to mention breaking the vicious cycle of disease and death in 3rd world countries. In theory, a 
globally change could occur - and in this change the role of civil society is to be highlighted. 

Keywords: ecological sanitation, world polity theory, world society, nutrient recycling,  
wastewater management
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CONTRADICTIONS BETWEEN SANITATION POLICY AND PRACTICE:
A CASE STUDY IN THE BURERA DISTRICT IN RWANDA

Nelson Ekane
Stockholm Environment Institute, Sweden  

Email: nelson.ekane@sei.se, nelson.ekane@sei-international.org

A major challenge in improving sanitation and hygiene behaviour and ensuring proper sanitation 
standards in developing countries is the inherent institutional multiplicity in these countries. This 
makes the prevailing sanitation and hygiene choices and practices (informal institutions) in society 
not fully in line with the prescribed sanitation and hygiene practices, guidelines and standards  
considered ‘correct’ (formal institutions). This study improves the understanding of this problem  
by comparatively examining the institutions of the productive sanitation (‘toilet to farm’)  
implementation schemes e.g. using urine diversion dry toilet (UDDT) including application of 
treated human excreta to farm, and conventional on-site sanitation e.g. pit latrine (‘drop and store’) 
in the rural Burera District in the volcanic region in Rwanda. The main aim is to show how formal 
laws and regulations match or mismatch informal norms, customs, codes of conduct and attitudes 
towards different sanitation and hygiene choices and practices as well as ways of managing human 
wastes and fertilizing crops.

By exploring the institutions of the ‘drop and store’ and ‘toilet to farm’ systems in two separate 
but closely located study sites in the Rugarama Sector, Burera District in Rwanda, with  
particular emphasis on what people actually do and what they are supposed to do, the drivers  
or arrangements that make the systems provide comfortable and convenient services and  
protect human and environmental health or not have been examined. Existing Rwandan sanitation 
policies, plans, strategies, laws and by-laws were examined. Field information/data was gathered 
through: semi-structured interviews with selected experts and key informants; gender balanced 
focus group discussions with selected members of both study sites; and direct observation. Field 
research findings reveal or at least confirm aspects of institutional multiplicity; and point to some 
differences and similarities between institutions regarding what sanitation-related behaviours 
and practices are considered correct and what actually prevails (institutional mismatch)  
Contradictions are explained by financial constraints, inadequate capacity, lack of interest, and 
poor prioritization. Also, socio-economic differences between ‘drop and store’ and ‘toilet to farm’ 
study sites were observed. In part, this disparity was found to be as a result of the way productive 
sanitation activities are coordinated and also the economic gains accrued from these activities.
 
 
Keywords: conventional sanitation, productive sanitation, formal and informal institutions,  
institutional multiplicity, institutional mismatch
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THE EXPERIENCE IN THE IMPLEMENTATION OF ECOLOGICAL SANITATION IN KAZAKHSTAN
 

Sabitov Rauf Kabievich
“Jabagly-Manas” Mountain Club”, Republic of Kazakhstan

Email: jabagly-manas@mail.ru

Kazakhstan is one of the countries in Central Asia, which suffers from a lack of water and has a 
high rate of infectious diseases. In the region there are traditional pit latrines solid that covers the  
territory of all settlements. Sewer systems are available only in urban areas and are usually absent in 
the one-story residential sector. There are a large number of villages with imported water. Much of 
the population, especially in rural areas, consume potable ground water, extracted with the help of 
small wells to a depth of six to twelve maters, at least - down to 20 meters.

Studies conducted by us in Kostanay, Zhambyl and South Kazakhstan regions, show that, as a rule, 
the nitrate content in drinking water exceeds the maximum permissible concentration (46 mg / 
liter), and in sandy soils, such as Karamendy settlement in Kostanai region, is up to 500 mg / liter. 
Studies have also shown that people absolutely do not know neither the quality of water nor the 
danger of nitrates to health, especially for fetal and newborn babies.

Sanitary services do not show any concern, because they are not responsible for the quality of water 
in small local wells. The existing state program to provide clean drinking water is focused on the 
use of relatively deep-lying groundwater: from a hundred meters or more. However, it ignores the 
danger of gradual pollution and these deep-seated waters. For example, in Baizak’s area of Zhambyl 
region, there is one of the well, which has the depth of 115 meters. The tests were showed nitrate 
levels of 25 mg / liter in it.

At the initiative of WECF concept of “ecological sanitation” also received expression in the form 
of five schools in the villages of dry toilets in Kostanai and South Kazakhstan regions, and dozens 
of outbuildings dry toilets constructed under the program «Empowerment and local action»,  
carried out by the international organization “Women in Europe for a Common Future» (WECF), 
with financial support from the Government of the Netherlands. A number of toilets built in guest 
houses in the villages around the Aksu-Zhabagly’s national park. Some practical experience, which 
is gained in the operation of dry toilets, confirmed their comfort and safety of infectious diseases.

However, the wide dissemination of dry toilets in Kazakhstan hinders the following factors:
•	 lack of initiative of local authorities, awaiting orders from above,
•	 absence of local manufacturers of essential accessories,
•	 the mentality of rejection using human waste as fertilizer,
•	 lack of studies confirming the direct influence of pit latrines on people’s health,
•	 inadequacy of legal acts regulating the use of traditional toilets in water protection zones,
•	 lack of awareness about the problem of nitrate contamination and infection risk cesspools 

as the local population and decision-makers at government level.

The energy resources that cost relatively low and insufficient attention to organic farming: The  
government of Kazakhstan still subsidizes the production of chemical fertilizers - holding back 
widespread adoption of biogas technology, which could provide highly efficient the agriculture with 
organic fertilizers, and foster environmental sanitation, removing the problem of storing wastes 
from dry toilets.
 
Keywords: water scarcity, the risk of nitrate, dry toilets, public health, biogas technology, organic 
farming
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Mr. Babatope Babalobi is a Water and Sanitation Journalist and Activist. He is the General 
Secretary of the West Africa Water and Sanitation Journalists Network that brings together over 
300 Journalists reporting activities of the sector for various media outlets in 14 West African 
countries. He also heads the Bread of Life Development Foundation, a leading NGO promoting 
access to safe water and sanitation for the urban and rural poor in West Africa

MEDIA FOR WASH
THE MASS MEDIA AS A TOOL TO SOLVE THE WASH CHALLENGES OF THE URBAN AND RURAL POOR

Babatope Babalobi
West Africa WASH Journalists Network, Nigeria

Email: babalobi@yahoo.com

Journalists reporting water and sanitation issues for the mass media (Newspapers, TV and Radio  
stations, and online blogs) in West Africa are working to address the sanitation crisis in the region 
by drawing the attention of policy makers and service providers to the challenges of the urban and 
rural poor, marginalised and vulnerable groups that lack access the most;  as well as by highlighting  
programmes that need to be implemented to increase access of the urban and rural poor to safe  
sanitation services.

According to the WHO / UNICEF Joint Monitoring Programme (JMP) for Water Supply and  
Sanitation, an estimated 300 million people in West Africa (about 2/3rds of the population), lack 
access to Improved drinking water supply and safe basic sanitation services. Majority of these  
people lacking access are poor, and belong to vulnerable and marginalized groups. Their WASH voices 
are never heard, their WASH challenges seldom discussed, and solutions to their WASH problems 
rarely comes to the agenda of by WASH policy makers, regulators and public and private service  
providers.

Through the individual reports of its members for various media outlets and the collective work 
of the WASH-JN through its blog- www.wash-jn.net, the West Africa WASH Journalists Network 
comprising WASH journalists in 14 West African countries- Ghana, Burkina Faso, Nigeria, Mali, 
Benin, Togo, Cote D’Ivoire, Cameroon, Gambia, Senegal, Sierra Leone, Niger, Guinea Bissau and 
Liberia is improving access to information on water and sanitation challenges of the urban and 
poor, creating and providing platforms for them to engage with governments and other duty- 
bearers in the private or public sector.

Results
•	 Publication of compelling and investigative pro poor stories on sanitation challenges of the urban and 

poor triggering action by service providers and duty bearers
•	 Increased publication of WASH stories by media platforms, resorting in increasing public discourse on 

WASH issues, challenges, and solutions.
•	 Self help projects by poor communities to overcome their WASH challenges.

Recommendations 
•	 Capacity Building: WASH Journalists require training on sector issues including Sanitation options, Dry 

toilets, Climate change, Transparency and Accountability.
•	 Funding: Increase funding for national platforms to implement activities

www.wash-jn.net
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TEACHING	SAFE	AND	SUSTAINABLE	SANITATION	IN	AN	E-LEARNING	ENVIRONMENT:
FACTORS AFFECTING STUDENTS’ SATISFACTION

Maarit Särkilahti and Tuula Tuhkanen (presenter)
Department of Chemistry and Bioengineering, Tampere University of Technology, Finland

Email: maarit.sarkilahti@tut.fi (on maternity leave), tuula.tuhkanen@tut.fi

Since the beginning of the 2006 the Environmental Engineering and Biotechnology Laboratory, 
Tampere University of Technology, has offered an online course Safe and Sustainable Sanitation. 
The course is based on scientific work presented at the International Dry Toilet Conference. 
The goals of the conference based online course include a distribution of the latest sanitation  
knowledge to a wide audience and a maximum exploitation of the scientific work presented in 
the conference. The course is aimed at advanced M.Sc. students, Ph.D. students and postdoctoral  
students from Finnish and international universities as well as sanitation professionals. All together 
over 250 students from about 40 different countries have participated in the course.

The course has been offered for six times (2006-11) and after each course realization, student  
feedback has been collected with an online questionnaire. In the study, student feedback was  
analyzed using both, qualitative and quantitative methods  in order to indicate factors affecting 
student satisfaction. The aim of the study was to describe the exceptional character of the online 
course and point out the development needs. Another concern was the online course cooperation 
with other higher education institutions. 

Students appreciated the international atmosphere of the course, which included interdisciplinary 
and multicultural group of lecturers and students and interaction among the learning community.  
Another acknowledged factor was the up-to-date course content. Students also appreciated  
the flexibility of e-Learning. Participation on online community emerged to be contradictory 
to the freedom. While heterogeneity in terms of different educational, professional and cultural  
backgrounds is a great advantage, heterogeneity in the level of education (bachelor, master or PhD 
student) and motivation to study is a challenge. Tutoring was found to be a key for enhancing  
e-Learning. From an institutional viewpoint the problem is that there are no formal regulations for 
virtual exchange and practices vary from one university to another.

To assure the course quality also in future, it is necessary 1) To seek equilibrium between temporal 
freedom and participation on the online community. A possibility to choose between individual 
and group work could be provided. 2) To use enough resources for course updating, managing, 
teaching and tutoring as well as to look for the tools, which maximize the efficiency of the teachers’ 
work. 3) To consider student background when developing the course. To whom is the course 
aimed and what is the background knowledge and motivation? 4) To improve online course  
cooperation in order to guarantee international interaction on the course as well as to participate 
on the international online course benchmarking. 

Keywords: conference based online course, safe and sustainable sanitation, student satisfaction, 
university cooperation
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Andrew Larsen. I am an American student at the Norwegian University of Life 

Sciences working with Andreas Koestler Ph.D at Fontes Foundation in Oslo, 

Norway.  Last year, we received a $100,000 USD grant from the Bill & Melinda 

Gates Foundation for continued work on a dry sanitation approach for refugee 

camps in Haiti.  I have volunteered with three different organizations since the 

earthquake two years ago. These experiences, along with what I am studying 

help to shape the sanitation design we are promoting. 

Guneshwar Prasad Mahato is a rural Water Supply and Sanitation Expert 

working in Nepal. On behalf of national consultancy organization, he has worked 

for five years as water and sanitation engineer for various International donor 

funded projects. After post-graduation from Lueneburg University, Germany, 

he has been working as Water Supply and Sanitation Specialist for Rural Water 

Supply and Sanitation Project in Western Nepal (Nepal-Finland Cooperation). 

He is mainly responsible for strengthening capacities of local governmental 

bodies for effective WASH service delivery in 9 districts including regional 

and central level WASH sectoral supports in Nepal. At project level, he is also 

a focal person for climate change and WASH. 

Writers and speakers

Joseph Jenkins is internationally known for authoring the award-winning Humanure Handbook 

— A Guide to Composting Human Manure in 1995, which is in its third edition, has been sold 

worldwide, published in foreign editions on four continents, and translated into over a dozen 

languages so far. Jenkins speaking schedule has taken him nationwide, to Europe, Asia and the 

Carribbean. He has worked in Mongolia and Haiti teaching “compost sanitation” since 2006. He 

has been a compost practitioner since 1975 and has grown his family’s food with humanure 

compost for 33 years. Jenkins can be reached via the web site at HumanureHandbook.com where 

videos, instructions and the complete Humanure Handbook can be accessed free of charge.
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Julie Patinet works since 2008 as a WasH (Water, Sanitation and Hygiene) 

researcher, trainor and evaluator in crisis and post-crisis context for Groupe 

URD- a non-profit research institute aiming of improving quality and practices 

within humanitarian action in favour of crisis-affected people. She has 

particular expertise in the area of ecological sanitation in protracted crisis (i.e. 

contribution in the last Dry Toilet Conference) and has carried out numerous 

studies and evaluations on these issues, especially in Africa and Haïti, in both 

urban and rural areas. She is also an administrator of the French NGO “Toilettes 

du Monde” which promotes ecological sanitation in France and abroad. 

Mr. Nam Raj Khatri is an environmental engineer having 20 years of experience 

in water sanitation. Encouraging for promotion of ecosan in Nepal. Interested 

in climate change related study. Currently working in WHO Nepal to look after 

environmental health program since 2008. 
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URBAN	SANITATION	SOLUTIONS	FOR	HIGH-USE,	 
FLOODED AND DIFFICULT TO SERVE AREAS

Andrew Larsen and Andreas Koestler Ph.D
Email: nesralwerdna@gmail.com, andreas.koestler@fontes.no

Our design is an urban sanitation solution which is low-cost, robust, aesthetic, deployable, and 
erectable in kit form for areas which have been previously very difficult to serve: high-density  
urban areas, refugee camps, and flooded areas--situations which are common in the aftermath 
of disaster. Our solution uses a combination of urine diversion (with subsequent collection and  
storage as treatment), as well as feces desiccation (with subsequent composting as treatment).  

We are the recipients of a grant from the Bill & Melinda Gates Foundation as part of the Grand 
Challenges Exploration initiative.  The $100,000 USD grant was awarded on May 1, 2011 to Fontes 
Foundation.  Our grant is one of 26 similar grants worldwide for work in the field of sanitation.

As experienced after the disastrous earthquake in Haiti in early 2010, sanitation in densely populated 
urban areas appears to have challenges which are almost insurmountable. These include having 
secure sanitation facilities, user acceptance, problems with odors, health issues from open  
defecation, etc. This approach has all these challenges in mind, and will therefore be tested in Haiti 
over the coming months.

The design uses four elevated toilet cubicles which rest on a rear support structure that houses the 
feces collection system.  Urine is captured and stored separately in bladder tanks.  The rear portion 
of each cubicle is narrower than at the front, thereby allowing the cubicles to be clustered into an 
array, with each one facing outward at a different angle.  Individual adjustable intake vents located 
on the roof of each cubicle ensure that airflow is not limited by spatial arrangement of the toilet 
cubicles. The array of toilets is very stable and the materials used are low-cost.  A unique use of a 
recycled material--used billboard fabric--will be stretched around lumber frames in a unique way 
to make walls, doors, roof, individual intake vents and a common exhaust ventilation plenum.  he 
toilet block behaves as one unit structurally, and has a clean, inviting look to it.  All of the air flow 
is passively driven.

Subsequent thermophilic composting of the partially desiccated feces will occur adjacent to the 
toilet site.  Our experience in Haiti has shown good results in achieving the necessary temperatures 
(69 Celsius) using locally obtained sugar cane bagasse--a waste product from sugar production--as 
a compost substrate. The process is safe, odor-free and has shown success. We have trained local 
Haitian sanitation people and the adoption of the practice is well-received.

Keywords: disasters, high-density, thermophilic composting, enhanced ventilation, urine- 
diverting sanitation
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CLIMATE CHANGE ADAPTATION AT LOCAL LEVEL BY IMPLEMENTING URINE DIVERTING 
DRY TOILETS: EXPERIENCES FROM WESTERN NEPAL

Guneshwar Prasad Mahato, Rahul Ingle
Rural Water Supply and Sanitation Project in Western Nepal (RWSSP-WN)

Email: gmahato4@gmail.com

This paper draws the ideas and experiences of the authors on promoting urine diverting dry  
toilets (UDDTs) as an intervention at local level climate change adaptation in western region of 
Nepal through the facilitation of the local governance. UDDTs have provided the options to save  
water, energy, recycling the nutrients and protection of environment, including water sources. Local  
actions on promotion of UDDTs have contributed towards achieving the Millennium Development 
Goals (MDGs) in rural areas of western Nepal and have also provided long term solutions for 
protection of water resources and adaptation of WASH (water, sanitation and hygiene) activities to 
climate changes. 

Nepal is one of the highly vulnerable countries to climate change impacts due to its unique geological 
condition, diverse nature of climate and low adaptive capacity. Changes in surface and ground 
water quantity and quality due to climate change pose a threat to water scarcity and food security. 
The causes of changes in quality and quantity of water are associated with high rate of up-stream 
deforestation, increased flooding and landslide events and low rate of ground water recharge. In 
Nepal, total population using improved drinking water source and basic sanitation are 80% and 
43% respectively (NMIP, 2010). The remaining un-served populations by water supply are those 
who are living in the remote hilly/plain areas with high vulnerability to depletion of water quality/ 
quantity and by sanitation are those who are mostly living in rural areas.

The UDDTs promotion in Nepal formally began about ten years ago with the first WHO efforts 
in Siddipur village of Kathmandu. Today, the numbers of such villages promoting UDDTs have 
expanded to more than a hundred in Nepal. The Finnish government supported RWSSP-WN  
project is promoting UDDTs in 54 Village Development Committees (VDCs) of 9 districts, where 
the WASH service delivery is the sole responsibility of these local governance bodies. The four  
success case studies of UDDT of one primary school of Tanahun district and UDDTs integrated 
with biogas plants by three farmers of Kapilvastu district have been considered in this paper 
as agents of contributing efforts to local level climate change adaptation. The three farmers of  
Kapilvastu are using sanitised urine and treated faeces as fertilisers in cash crop production, which 
has increased their income by selling the products on one hand and on the other hand, the hand 
pump tube wells of water supply are protected from groundwater pollution. 

Keywords: climate change adaptation, MDG, UDDT, WASH 
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COMPOST-BASED	SANITATION	IN	POST-EARTHQUAKE	HAITI	IN	URBAN	AND	RURAL	
LOCATIONS

Joseph Jenkins
Joseph Jenkins, Inc., United States

Email: Joe@JosephJenkins.com

After Haiti’s devastating earthquake in January, 2010, many people were left without homes.  
Sanitation, already a problem there, became non-existent in many places. In March and again 
in May of 2011, the author travelled to Port-au-Prince, Haiti, in association with two non- 
governmental organizations (GiveLove.org and SOIL), for the purpose of teaching local person-
nel how to establish sanitation systems that utilize thermophilic composting and waterless toilets.  
Subsequent visits to Haiti by the author documented these systems after they had become  
established in schools and orphanages by GiveLove.org. The self-managed systems utilize sugar 
cane bagasse and sawdust left over from the manufacture of amyris oil as the primary carbon-based 
cover materials. The toilets are designed with either 20 liter or 60 liter plastic receptacles and their 
contents are regularly composted in bins located on-site near the toilet stalls. No urine separation 
is needed. Food materials are also added to the compost matrix. Temperatures of the compost 
piles reached over 75C at times and maintained over 55C for periods of six months or more. The  
compost system was designed by the author and requires no turning of the piles. The bins are made 
of shipping pallets turned on edge and are approximately 1.5 meters wide, 2 meters long and 1  
meter deep, although larger bins were also used (2 meters wide).

The sanitation system is based upon the utilization of the thermophilic, or heat-producing  
composting process, which has been shown to be effective in eliminating human pathogens. The 
objective is to create an above-ground static organic mass, made primarily of material collected in 
toilets, that reaches a temperature of at least 55C (131F) sustained for at least three days throughout 
the entire mass. The US Environmental Protection Agency requires a three day period at 131F 
for static aerobic compost piles to be considered hygienically safe, as this time and temperature  
combination has been shown to be deadly to a host of human disease organisms. Our research is 
showing that our compost piles are sustaining temperatures at or above 55C for months, much 
more than the required three days. The compost mass is contained inside an easy to build and 
inexpensive pallet structure and covered or insulated with local carbon-based materials such as 
sugar cane bagasse (rather than being left as an open pile) which minimizes surface area exposure 
and maximizes heat retention. This containment system also eliminates odors and flies and  
prevents vermin such as dogs and other animals from disturbing the compost. Toilet cleaning  
liquids are added to the compost piles to create a closed system with no environmental  
contamination or ground water pollution.

The sanitation systems were put in place by GiveLove.org in a number of locations, including in 
at least two schools in Port-au-Prince and in a school/orphanage in Leogane, the epicenter of the 
earthquake. The system relies on local management by Haitians, compost training, a dedicated 
compost management crew, public education, access to and transport of carbon-based cover  
materials to the toilet sites, and constructive use of the finished compost. This presentation shows 
the toilets, how they work, how the compost system is designed and how the system has been  
received by the local residents.

Keywords: humanure, Haiti, thermophilic composting, compost toilet, sanitation
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DRY	TOILET	IN	URBAN	CRISIS	-	CASE	STUDY:	KABUL

Julie Patinet
Water, Sanitation and Hygiene, Groupe URD, France

Email: jpatinet@urd.org

Crises often put existing urban sanitation systems under serious stress, due to damaged facilities 
and/or the influx of IDPs or refugees in the city. Some improvements were made in the field of 
sanitation in cities affected by war or natural disaster, and working groups are currently dealing 
with the issue of sustainable sanitation in emergency and reconstruction situation (http://www. 
susana.org/lang-en/working-groups/wg08). But this sector still requires a great deal of research and 
development in order to innovate and develop options (knowledge, strategy and preparedness) for 
crisis-affected urban populations.

Groupe URD is conducting an evaluation of DG ECHO’s activities in urban contexts (http://www.
urd.org/Evaluation-of-DG-ECHO-s-activities), and in this frame a field assessment will take place 
in Kabul in January 2012. Kabul is a city which has alternatively been a refuge and a target in  
relation to armed opposition. It is a context where different forms of urbanisation co-exist (formal 
and informal), where the urban administration is largely absent and where life is often very difficult 
due to the harshness of the climate

I propose to contribute to the Dry Toilet Conference with a view on urban ecological sanitation 
in crisis and reconstruction situation, with recent inputs from Kabul case study. This contribution 
could deal with the following key issues (and other relevant topics discovered in the field):

•	How has the famous traditional ecological system of managing excreta in Kabul (productive  
sanitation) evolved during the past decades?

•	What are the assets of this traditional system today and the difficulties faced?
•	What are the aid actors’ current strategies and practices in the field of sanitation in Kabul?
•	What motivates or prevents the promotion and the use of dry toilets in the city?

Keywords: Kabul, urban area, humanitarian aid, LRRD, traditional Dry-Vault-Toilets
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SUSTAINABILITY AND CLIMATE CHANGE ASPECTS OF ECOSAN TOILET: NEPAL PROSPECTIVE

Nam Raj Khatri
WHO Nepal

Email: namrajk@gmail.com

In Nepal, Ecosan concept was introduced in 2002 with an initiation of DWSS/WHO for  
implementation of pilot Ecosan program in Siddhipur of Lalitpur district. Concept was were much 
accepted by the community people and, for the first time in Nepal, that the latrine was linked to  
sanitation as well as economic benefits of the people. After the success of this project, the Ecosan  
technology was extensively expanded to other parts of the country. Until 2011 about 1500 ecosan 
toilets has been constructed. Village like Sidipur, Tigana, Thecho, Khokana, Darechowk, Sabaithawa, 
Sunwal are known to be using ecosan toilets in community level. During 2009 Darechowk emerged 
as ecosan village and learning center with self motivated effort of Shreerendra Pokharel who is fully  
devoted in ecosan, urine application and promoting ecsan in the country. Similarly Siddipur emerged 
as eco-farming center because of another self motivated farmer Jeevan Manarjan who is doing  
research in his own way. In Thecho, Tigni, Siddipur and Khokana dry ecosan is is use. 

A study carried by team of en-
vironmentalist, environmental 
engineer, sociologist and 
public health expert of  
department of Water Supply 
and Sewerage (DWSS) in 
7 cluster revealed that In  
Sunwal there is mix type 
and in Darechowk and  
Sabaithawa wet ecosan is in 
practice. Wet ecosan address 

culture of Nepalese and separate urine for application in farm. Ecosan toilets have been used in a 
small rehabilitated community and urine bank has been established. Their status in terms of various  
sustainability aspects are summarized in table below.

Ecosan toilets are found to be suitable in the community where there is scope for urine use in farm, 
having practice of use of feaces, scarcity of water, isolated houses etc. however there is potentiality of 
expanding ecosan in wider community with some modification. 

A theoretical analysis revealed that one person contributes about 30 gm/day BOD equivalent organic 
waste. One kg BOD produces 1.4 kg CO2 in aerobic process and 1.68 CO2 in anaerobic process with 
gas used. One kg of BOD produces 0.68 Kg CO2 and) 0.25 kg CH4. Considering widely used onsite pit 
system as base line, relative carbon emission of other system is same in anaerobic pond, 69% in septic 
tank , 29% mechanical aeration system, 32% in anaerobic process, 29% in biogas system and 24`% in 
natural oxidation system.

Ecosan toilet also falls under pit latrine but to prevent much activity which counts carbon emissions. 
For example saves water for toilet cleaning by half and kitchen farming by 25%. Saves energy used 
in making fertilizer and its transport. Vegetables grown from urine application are normally healthy 
and tasty which does not require use of pesticides. It is very difficulty to quantify all but saving is very 
clear due to its capacity to close the ecological cycle within close premises of household and it is felt  
environmentally friendly in Nepal. 

Keywords: climate change, ecological sanitation, ecosan in Nepal, sustainability
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Ms. Sanna-Leena Rautanen has an MSc in Civil Engineering from Tampere University of 

Technology, Finland, where she is a post-graduate student. In Nepal she is working as the Team 

Leader (Chief Technical Advisor) for the Rural Village Water Resources Management Project 
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are poverty, gender and ethnic equity, good governance and democratic local development. 

Contact: sannaleenar@gmail.com 

Ms. Hilda Szabo. I was born in Romania. I got my BSc degree in Chemical Engineering  (“Babes-

Bolyai” University from Cluj-Napoca, Romania) in 1993. After that I worked as high-school teacher 

and later as researcher in Romania, my research area was groundwater quality. I graduated as 

MSc, Environmental Engineering, Tampere University of Technology, in 2004, working after that 

as researcher. Since August 2011, I work as Senior lecturer at Tampere University of Applied 

Sciences.



TOPIC 8  

SANITATION IN EXTREME CONDITIONS

140

PEEPOOPLE EMERGENCY RESPONSE

Kristian Hansson (presenter Camilla Wirseen)
Peepoople, Sweden

Email: Kristian.hansson@peepoople.com, cw@peepoople.com

Sanitation is a United Nations declared human right. Without access to it, individuals and entire 
communities are left vulnerable to a multitude of health impacts and disasters. In emergencies, 
women and children constitute nearly 80 % of the population and are by far the most vulnerable. 
Safe sanitation and the ability to care for hygiene in private, are essential for the dignity, status and 
wellbeing of all.

Peepoople is the developer, producer and distributor of the Peepoo sanitation solution. Peepoo 
is a self-sanitising, single-use biodegradable toilet that after use turns into valuable fertiliser.  
Peepoople’s mission is that everyone should have access to hygiene and dignified sanitation.  
Peepoo offers easy, safe access to in-home sanitation at all times. It also has the potential to save 
lives and prevent epidemic outbreaks in an already evolved disaster. Peepoo offers a unique  
opportunity for rapid large-scale implementation in the crucial response phase. The unique  
sanitation technology and hygienic design of Peepoo – combined with proven acceptance by a high 
percentage of users – provide the conditions for effective disease prevention. 

Peepoo makes disease prevention possible at the source. In emergency sanitation systems, harmful 
organisms to be most concerned with are those that cause widespread diarrhoeal diseases. 
These are mainly connected to pathogenic bacteria, such as salmonella and Vibrio cholera. At  
temperatures above 20°C, Peepoo has the capability to render these types of bacteria inactive in less 
than a week. 

The aim of the Peepoople Humanitarian Response in emergencies is to contribute to safeguarding 
health and preventing major epidemics. The short-term objective is to limit the spread of water- 
and sanitation-related diseases within the first month following the outbreak of a disaster. The  
output is that people have in-home/shelter toilets that provide easy, safe access to sanitation  
anytime day or night. Also, the total effected population is made aware of the risks of poor hygiene 
practises and how they can be changed; hence, community safety increases. 

Peepoople has developed a humanitarian response model to reach 50,000 beneficiaries in three 
weeks time by integrating the distribution of Peepoos with already established routines for  
Hygiene Promotion. The model consists of three parts: Processes, People and Products. Pro-
cesses consist of a rapid cascading model for large-scale distribution and education. Materials for  
training to implement the necessary processes, among others, include: Demonstration Material, 
Basic Hygiene Promotion, Training Program and Manuals. People required for the implementation 
are on three different levels: International Personnel (one Peepoople Promotion Coordinator 
and one Peepoople Logistic Coordinator), National Personnel (8-10 Promoters and one Driver) 
and Community Recruited Personnel (60-100). Products are organised as personal one month 
self-supporting sanitation kits. Distributed as Personal Packs (each consisting of 28 Peepoos, one  
disposal bag and a user instruction guide), with supporting products for those with special needs, 
equipment for collection - as well as equipment for training, staff and communication. All to best 
respond to each particular emergency situation. 

Keywords: saving lives, sanitation, emergency, rapid response, health promotion
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COMPETING FOR ATTENTION – 
SANITATION, CLIMATE CHANGE AND PRIORITIES IN FAR WESTERN NEPAL

Sanna-Leena Rautanen 
Rural Village Water Resources Management Project, Nepal

Email: sannaleenar@gmail.com

Rural Village Water Resources Management Project (RVWRMP) works in ten districts of the 
Far and Mid Western Nepal. As a cross-sectoral water resources management project RVWRMP 
menu of options include sanitation, drinking water supply, community-based irrigation, micro-
hydro power, improved cooking stoves and water mills, and a range of options for environmental  
improvements, sustainable livelihoods and institutional capacity building. Climate change is one 
of the key strategic areas for RVWRMP. The approach to climate change pays attention to both  
mitigation and adaptation: RVWRMP prioritizes strengthening the resilience and adaptive  
capacity of communities and local economies to climate risks, addressing both climate change  
adaptation and mitigation. 

RVWRMP applies a community-based approach to its activities and is decentralized operating 
through district-based projects (through the local governments). Each district represents a project 
of its own right with its own District Management Committee and District Water Resources  
Management Fund in each district. Hence, each district-level local government has a lead role 
in defining and managing its programme. In sanitation and hygiene, these are guided by the  
Nepal National Sanitation Master Plan and the regional “Aligning for action to make Diarrhoea 
epidemics a history - Comprehensive and Accelerated Sanitation and Hygiene (CASH) Promotion 
Program in the Far and Mid Western Region”. These approaches have introduced District WASH 
Committees and Village WASH Committees to roll out comprehensive action, shifting the  
previous tradition of individual and scattered ‘sanitation projects’. The ultimate aim is Open  
Defecation Free status which shifts the focus from technology to behaviour. It has been a major 
effort in bringing sanitation and hygiene high in the national agenda, now the challenge is its  
operationalization throughout the country. 

Bringing in a call for specific sanitation technology adds another layer of complexity within a sector 
which is just getting acquainted with such new ideas a ‘behaviour change triggers’ and no subsidy.  
This study reflects the challenges and options explored by RVWRMP, operating in two of the most 
poverty-stricken regions of Nepal where the priorities and basic needs are numerous, where the 
post-conflict impact can still be felt, and where any changes in climate pattern have an immediate 
impact on such as food security. The preferences and real priorities vary, and highly politicized  
environment is not always conducive for any long term vision. Climate change dimension of  
sanitationand hygiene is hitherto less acknowledged – could this increase the importance of  
sanitation when competing for attention with such as roads? Could dry toilets be marketed as  
‘climate smart’?

Keywords: Nepal, food security, dry sanitation, livelihoods
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EMERGENCY COMPOSTING TOILET DESIGN AND IMPLEMENTATION IN URBAN SETTINGS

Sidney Kitchen, Hilda Marta Szabo (presenter), Eeva-Liisa Viskari
Tampere University of Applied Sciences, School of Industrial Engineering, 

Environmental Engineering, Finland
Email: hilda.szabo@tamk.fi

Sanitation in post-disaster scenarios is one of the most neglected aspects of reconstruction and 
emergency management. Poor sanitation leads the spread of fecal born diseases and unsightly  
living conditions. A higher quality of sanitation in emergencies is integral to providing people with 
privacy, comfort and dignity; rare commodities in emergencies.

Sanitation is becoming an increasingly relevant topic in disaster management. Solutions for  
immediate disposal of wastes have been discussed, e.g., restricted open-field defecation and pit  
latrines. These methodologies have proven effective in decreasing the spread of disease in  
emergency situations, but remain vulnerable to flooding, soil erosion/collapse and water table  
contamination. The composting of feces and diversion of urine from solid wastes remove the  
greatest risks associated with fecal born diseases by killing off the bacteria that cause them.  
Current attempts at using composting toilets in emergencies have proven promising, but their  
implementation takes time. This work hopes to discover a way in which composting toilets can 
be used in the initial response to disaster situations, therefore creating a long-term and effective  
solution to sanitation in emergency situations.

The primary aim of this study is to design and build a composting toilet made from ready-found 
and low-cost materials, that is both efficient in use and maintenance. The secondary aim is to  
promote a method of sanitation that is self-aware, conscious and involved, as opposed to the  
standard laissez-faire approach.

Current research focuses largely on the case history of S.O.I.L. (Sustainable Organic Integrated 
Livelihoods) NGO in Haiti. SOIL, previous to the 2011 earthquake was a developmental  
organization in the country. Post earthquake they worked in collaboration with Oxfam UK to  
design and build composting toilets within internally displaced communities. Their success has 
been notable and much lauded by the international community, proving to be an effective means of 
sanitation in humanitarian aid. 

Data collected from case scenarios such as SOIL’s is revised and combined with current composting 
toilet designs and programs to provide solutions based upon this information. Using gathered  
technical data, a composting toilet is built that consists of the fundamental structure and  
components of a permanent composting toilet. Construction is meant to be immediate in  
situations where materials and manpower is limited. In this way a semi-portable composting toilet 
may be erected within a few hours time and available for immediate use. These composting  
toilets would then provide a higher quality of sanitation than is standard in emergency scenarios.  
Providing users with a greater level of privacy, comfort and dignity they deserve.

Keywords: composting toilet, design, first response, emergency sanitation
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