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WORDS OF WELCOME WORDS OF WELCOME

Ruusa Gawaza
Chairperson
Global Dry Toilet Association of Finland

Welcome to the 6 th International Dry Toilet Conference!

We the organisers, are particularly eager and nervous about the success of the 
event since the venue is slightly unconventional and very different from the previous 
conference venues. The 2018 conference is organised in the former Lielahti industrial 
area – Hiedanranta – which serves as a piloting platform for new technologies and 
methods focusing e.g. on sustainability, circular economy, energy solutions, food 
production and research. In the main conference venue Kuivaamo you will get to 
experience a large-scale dry sanitation solution which is a significant pilot project on 
a Finnish and Nordic scale. Not surprisingly, the unique venue has also shaped the 
programme and structure of the conference to be different than in previous years. 
This year’s conference theme will be Dry Toilet Goes Circular and there are a variety 
of interesting parallel sessions to choose from. The keynote speakers are remarkable 
influencers from around the world and participants get to share and learn from one 
another through a versatile programme touching many aspects of dry sanitation 
and nutrient recycling.

The City of Tampere has given us this opportunity to come together in the Hiedan-
ranta area and several companies and organisations are participating in the exhi-
bition. Our long-time partner, the congress bureau TAVICON, is responsible for the 
practicalities around the conference. We want to express our heartfelt gratitude for 
all our partners without whom this conference could not be organised! Thank you! 
The Global Dry Toilet Association has worked endlessly to assure a smooth visit to you 
all and to make sure that the conference is, once more, an unforgettable experi-
ence and an important platform for sharing and learning. Most importantly, we wish 
you a fruitful conference and thank you for showing your support by participating in 
the Dry Toilet Conference 2018!

DT 2018 is dealing with an important topic

This is the sixth time when world’s dry toilet specialists are meeting in Tampere. When 
the very first International Dry Toilet Conference was arranged in the beginning of 
this century we experienced some doubts about the success of the occasion. To-
day, the need for DT 2018 do not need any proofs. In the changing world the interest 
in alternative sanitation solutions is growing all the time.

Climate change is causing droughts in some parts of the world creating need to 
avoid using water for flushing toilets. Urbanization is strongly going on in most parts 
of the world, but development of the infrastructure cannot follow this development. 
Thus, we need more simple sanitation technology than wide sewerage networks 
and expensive centralized wastewater treatment. Natural disasters and various con-
flicts in the world are forcing people to move in refugee camps or similar tempo-
rary housing areas. Once again, we need proper sanitation solutions using water for 
hand washing only. And so on …

The need for up-to-date knowledge about dry toilet technology is growing. We all 
should be proud having this chain of Dry Toilet Conferences organized. Maybe we 
alone cannot solve the huge sanitation problem in the world, but we can bring our 
best knowledge in the use of decision makers, various organizations and businesses 
working on the field.

I hope we all are enjoying the inspiring atmosphere in DT 2018 and the beauty of 
Tampere.

You are most welcome!

Harri Mattila
Chairman
Scientific Committee
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COMPLETE TIMETABLES COMPLETE TIMETABLES

WEDNESDAY 22.8.

PRE-CONFERENCE

8:00 ->   Registration      Kuivaamo

9:00 - 9:30   Coffee       Kuivaamo

9:30 - 12:00  Morning session with MHM theme   Lielahti Manor

   9.30  Welcome words

   9.40  Rolf Luyendijk, Executive Director of WSSCC

   10:00 Lydia Chibambo, Zambia
    Ecosan Breaking Barriers:
    An Opportunity to Address
    Menstrual Health and Gender Equality

   10:25 Martina Nee and Chelsea Huggett, Sweden
    Sustainable Sanitation Solutions:
    practical approaches to address
    gender equality and menstrual
    hygiene management

   10:50 Pallab Nepal, Nepal
    Social and cultural aspects of
    menstrual hygiene management
    among school girls: A study from
    Bajhang District of Far West Nepal
 
   11:15 Sanna-Leena Rautanen, Finland

12.00-13.00  Lunch       Kuivaamo

13.00-14.45  Afternoon workshop     Lielahti Manor

DRY TOILET CONFERENCE

8.00 -   Registration for DT2018     Kuivaamo

15:00 - 16:00 DT2018 Opening plenary    Kuivaamo 
   Ruusa Gawaza,
   Chairperson of Global Dry Toilet
   Association of Finland

   Pasi Pöysäri,
   KEO-90 Deputy Director,
   Ministry for Foreign Affairs in Finland

   Reijo Väliharju,
   City of Tampere

16:00 - 16:30 Coffee       Kuivaamo

16:30 -   Walking tour
   Hiedanranta then, now and tomorrow
   by Reijo Väliharju

   Algar Culture Tour
   by Pritha Chatterjee

18:00 - 20:00 Get-together      Kuivaamo
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COMPLETE TIMETABLES COMPLETE TIMETABLES

13:15 - 15:30 Afternoon parallel worksop sessions  Kuivaamo & Manor

Session 4
Marie, Lielahti Manor

Seission 5
Kuivaamo

Session 6
Wilhelm, Lielahti Manor

Community
engagement

Chair: Maarit Särkilahti

Implemented practices 
of ecological sanitation

Chair: Sari Huuhtanen

Research on the safe use 
of excreta and/or urine

Chair: Gerryshom
Munala

13:15 Linus Dagerskog,
Sweden

Joseph Jenkins,
USA

Benjamin C. Wilde,
Switzerland

13:30 Babatope Babalobi,
Nigeria

Edith Godfroy,
France

S. Vishwanath,
India

13:45 Nyambe Sikopo,
Japan

Ole Ersson,
USA

Fedde Jorritsma,
Netherlands

14:00 Min Prasad Basnet,
Nepal

Natasha Dokovska,
Moldova

Tuula Tuhkanen,
Finland

14:15 K.Ushijima,
Japan

Claudia Wendland,
Germany

J.M. Raude,
Kenya

14:30 Namaste Lal
Bhoomi Shrestha,

Nepal

 Uzra Sultana, India Eeva-Liisa Viskari,
Finland

14:45-
15:30

Discussion Discussion Discussion

15:30 - 16:00 Coffee       Kuivaamo

16:00 - 17:00 Wrap up of the day -plenary    Kuivaamo 
	 	 	 Key	findings	from	workshops
   Chair: Karoliina Tuukkanen

19:00 - 20:30 City reception      Tampere City Hall

Session 1
Kuivaamo

Seission 2
Wilhelm, Lielahti Manor

Session 3
Marie, Lielahti Manor

Implemented practices 
of ecological sanitation

Chair: Gina Itchon

Research on the safe use 
of excreta and/or urine

Chair: Tuula Tuhkanen

Hi-and low-tech solutions 
in urban/rural
environment

Chair: Dexter Lo

8:45 Alisa Keesey,
USA

Mariya E. Kelova,
Norway

Derek Lam,
Hong Kong

9:00 Jan Hitzegrad,
Germany

Guizani Mokhtar,
Japan

Xanthe Roux,
South Africa

9:15 Gaston Jean,
Haiti

Odikamnoro
Oliver Onyemaeze,

Nigeria

Mooyoung Han,
Republic of Korea

9:30 Hidenori Harada,
Japan

Srinivasamurthy C A,
India

Yoshiki Higuchi,
Japan

9:45 Oyungerel
Tsedevdamba,

Mongolia

Surendra K. Pradhan,
Finland

Uzra Sultana, India

10:00 Linus Dagerskog,
Sweden

M. Ganesapillai,
India

Discussion

10:15-
10:45

Discussion Discussion Discussion

11:00 - 12:00 Keynote 1       Kuivaamo
   Ambassador Mr. Bruce J. Oreck
   Confronting the reality overwhelming
   freshwater shortages in the century of
   massive urbanization

12:00 - 13:15 Lunch       Kuivaamo

12:30 - 13:15 Poster session 1      Kuivaamo
   Chair: Elijah Ngumba 

8.00 - 17.00  Registration & Info desk open   Kuivaamo

8.15 - 8.45  Coffee       Kuivaamo

8.30 - 10.45  Morning parallel workshop sessions  Kuivaamo & Manor

THURSDAY 23.8.
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COMPLETE TIMETABLESCOMPLETE TIMETABLES

13.00 – 14.00 Keynote 3       Kuivaamo
   Dr. Kirsi-Maarit Lehto  
   Role of the Environment on Global Health

14.00 – 14.30 Coffee       Kuivaamo

14.30 – 16.00 Afternoon parallel workshop sessions  Kuivaamo & Manor

Session 10
Kuivaamo

Seission 11
Wilhelm, Lielahti Manor

Session 12
Marie, Lielahti Manor

Ecosan meets
water-food-energy nex-
us/ cross-organisational 

cooperation and
co-creation

Chair: Taro Yamauchi

Sanitation and nutrient
recycling in business

Chair: Miriam Otoo

Promoting sustainable
sanitation and nutrient re-
cycling among different 

stakeholders

Chair: Johanna Kallio

14:30 Itchon Gina S,
Philippines

Ayumi Matsuzaka,
Germany

Rikka Allolea Casiño
Laplap-Macariola,

Philippines
14:45 Bipin Poudel,

Nepal
Erica Lloyd,

Haiti
Stella Neema,

Uganda

15:00 Hasti Rezaei,
Iran

Raini Kiukas,
Finland

Shikun Cheng,
China

15:15 Claudia Wendland,
Germany

David Kodarin,
Slovenia

Elijah Ngumba,
Finland

15:30-
16:00

Discussion Discussion Discussion

 

16.15 – 17.00 Wrap up of the day     Kuivaamo
	 	 	 Key	findings	from	workshops

19.00 – 23.00 Conference dinner     Hatanpää Manor

8:15 - 17:00  Registration & Info desk open   Kuivaamo
   
8:15 - 8:45  Coffee       Kuivaamo
 
8:45 - 10:45  Morning parallel worksop sessions   Kuivaamo & Manor

Session 7
Kuivaamo

Seission 8
Marie, Lielahti Manor

Session 9
Wilhelm, Lielahti Manor

Social and cultural as-
pects of sustainable 

sanitation and Hi- and 
low-tech solutions

Chair: Ruusa Gawaza

Research on the safe use 
of excreta and/or urine

Chair: Marja Palmroth

Other topics

Chair: Pekka Pietilä

8:45 Tamene Hailu,
Ethiopia

M. Ganesapillai,
India

Dexter Lo,
Philippines

9:00 Shyama Khanal,
Nepal

Prithvi Simhaa,
Sweden

Verster Bernelle,
South Africa

9:15 Sanna-Leena
Rautanen,

Finland

Shervin Hashemi,
Republic of Korea

Haruna Onodera,
Japan

9:30 Samuel Autran,
USA

Ryusei Ito,
Japan

Ben Aguilar,
Philippines

9:45 Bimal Tandukar,
Cambodia

Takato Matsuda,
Japan

Renata Coura,
Portugal

10:00 Jan Hennigs,
United Kingdom

Srinivasamurthy C A,
India

Pritha Chatterjee,
Finland

10:15-
10:45

Discussion Discussion Discussion

 
11.00 - 12.00 Keynote 2       Kuivaamo
   Dr. Miriam Otoo
   WMI on Sustainable Sanitation Business
   Presentation about models for sustainable
   fecal sludge management developing countries

12:00 – 13.00 Lunch       Kuivaamo

12.30 – 13.00 Poster session 2      Kuivaamo
   Chair: Elijah Ngumba

FRIDAY 24.8.
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DRY TOILET EXHIBITION

The Dry Toilet Exhibition will be held on 22-24 August. It will take place at Kuivaamo, Hiedan-
ranta. The following exhibitors will participate:

SOCIAL PROGRAMME

GET-TOGETHER

Venue: Kuivaamo, Hiedanranta (address: Tehdaskartanonkatu 24)
Date: Wednesday, 22 August, 2018
Duration: 18.00–20.00
Price: included in the conference registration fee, advance registration required

RECEPTION OFFERED BY THE CITY OF TAMPERE

Venue: Tampere City Hall (address: Keskustori 10)
Date: Thursday, 23 August, 2018
Duration: 19.00–20.30
Price: included in the conference registration fee, advance registration required

CONFERENCE DINNER

Venue: Hatanpään Kartano (address: Hatanpään puistokuja 1)
Date: Friday, 24 August, 2018
Duration: 19.00–23.00 (Exact time may be subject to change)
Price: included in the full delegate conference registration fee. The cost for the conference 
dinner is EUR 65 for students, exhibitors, and accompanying persons. Advance registration 
required.

ECO3 TOUR AND LUNCH IN FRANTSILA KEHÄKUKKA RESTAURANT

Venue: ECO3 area and Frantsila Kehäkukka Restaurant
Date: Saturday, 25 August, 2018
Duration: 10.00–15.00
Price: EUR 25
Meeting point: Old Church at Central Square (Puutarhakatu 4)

Professional visit to ECO3, industrial-scale bio-, circular and water-economy pilot and 
demonstration facilities circular economy park. Sakari Ermala who is the CEO at Verte Ltd 
will introduce the area for us. After the tour, lunch is served in Frantsila Kehäkukka Restau-
rant. The bus leaves from the Tampere Central Square at 10.00 on Saturday and comes 
back at 15.00. Please be at the Old Church at 9:45.

COMPLETE TIMETABLES
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LIST OF TOPICS

Implemented practices of ecological sanitation

Menstrual health and gender equality

Research on the safe use of excreta and/or urine

Social and cultural aspects of sustainable sanitation

Sanitation and nutrient recycling in business

Cross-organisational cooperation and co-creation

Hi- and low-tech solutions in urban/rural environment

Ecosan meets water-food-energy nexus

Promoting sustainable sanitation and nutrient recycling among different stakeholders

Community engagement

Other topics fitting to the overall scope of the event

Time Speaker Title
8:45 Alisa Keesey,

USA
Container-based Sanitation at the Standing Rock 

Protest: an experiment in communal toilet
management and extreme composting in rural

North Dakota, USA

9:00 Jan Hitzegrad,
Germany

Pilot Project for Basic Needs Service Provision for
Rural Households in Mexico – A status report

9:15 Gaston Jean,
Haiti

Implementation of a dry toilet with biocontrolled 
litter device in an Haitian rural area

9:30 Hidenori Harada,
Japan

Long-term acceptability of urinediversion
toilets in rural Malawi

9:45 Oyungerel
Tsedevdamba,

Mongolia

Promoting Sustainable Sanitation to Mongolian
Public Using a Book and Nationwide training

10:00 Linus Dagerskog,
Sweden

Return to learn – ecosan use and reusepost-project 
in villages in Burkina Faso and Niger

10:15-
10:45

Discussion

SESSION 1

Implemented practices of ecological sanitation
Thursday 23.8.

8.45 – 10.45
Kuivaamo

SESSION 1
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SESSION 1

CONTAINER-BASED SANITATION AT THE STANDING ROCK PROTEST: 
AN EXPERIMENT IN COMMUNAL TOILET MANAGEMENT AND EXTREME

COMPOSTING IN RURAL NORTH DAKOTA, USA

Alisa Keesey
Program Director GiveLove, USA

GiveLove is a U.S. based skills training NGO dedicated to the teaching and promotion of ecological sanitation. Since 
2010, the organization has worked in emergency and development contexts to introduce low-cost, decentralized con-
tainer-based sanitation systems and humanure composting approaches. Specializing in non-urine diverting dry toilets, 
GiveLove’s technical teams work in high-need and water-scarce areas to provide safe sanitation in challenging environ-
ments. 

In November 2016, GiveLove travelled to Standing Rock, North Dakota at the request of the Standing Rock Sioux Tribe 
(SRST) and native activists to devise a sanitation system for the large spontaneous protest camp that converged to halt 
the construction of the Dakota Access Pipeline (the #noDAPL movement). 

Thousands of people travelled to Standing Rock to join the protests. As the size of the camps grew to over 15,000 people 
at their peak, the SRST hired a company to install 120 chemical toilets for the largest camp— Oceti Sakowin — at a 
cost of over US$30,000 per month. 

The Tribe was informed that the portable toilets would be removed before winter because the contents would freeze 
solid in the sub-zero temperatures (that can reach minus 42o Celsius). Native activists who called themselves “water 
protectors” were concerned about the environmental pollution caused by the chemical toilets, which were being dumped 
without treatment on the nearby prairie lands. Hoping to avert a public health and environmental disaster— and with 
no other options for managing the excreta locally— the tribal council approved GiveLove’s compost toilet project with 
the objectives of providing: 1) clean toilets for the camp through winter; 2) an environmentally sustainable sanitation 
system; and 3) on-site treatment of the toilet material on the Sioux reservation.

GiveLove’s technical team and volunteers designed, constructed, installed and managed three toilet blocks containing 
40 Loveable Loo compost toilets based on Joe Jenkin’s designs. The toilets were used and managed by over 1,200 camp-
ers and volunteers from December 2016 through February 2017, making it the largest communally-managed emergency 
Humanure system ever successfully executed. 
 
The paper describes how GiveLove designed, constructed, and managed the large-scale humanure system, as well as an 
adjacent composting facility to receive the excreta. The paper will also review the methods of collection, storage and 
composting, and the technical challenges faced during the various phases of project implementation. The paper will also 
discuss how the management team mobilized and trained the activists to use the toilets properly and manage them on a 
communal basis. As the project director and author, I will also present a cost-analysis and the lessons learned from the 
social, cultural and gender issues that arose during the adoption process and how they were successfully resolved. 

Keywords: container-based sanitation, Humanure composting, emergency sanitation, Standing Rock Protests

SESSION 1

PILOT PROJECT FOR BASIC NEEDS SERVICE PROVISION FOR RURAL
HOUSEHOLDS IN MEXICO – A STATUS REPORT

Jan Hitzegrad*, Denis Unver, Pedro Kraemer, Selene Tripp, Daniela Violeta Vázquez

In Mexico, it is the rural indigenous population that is most affected by lack of basic sanitation services — particular-
ly in the southeastern states of Oaxaca, Veracruz, Chiapas, San Luis Potosi and Campeche. Surrounded by biological 
richness, people live in extreme poverty. Homes are spread apart in remote areas, reachable only by dirt tracks. Villages 
rarely have a centered structure. Indigenous languages hinder communication with outsiders. Sanitation and wastewater 
handling are a household affair. Improvised, inadequate solutions are the norm.

The pilot project undertaken by “BORDA Las Américas” and its partner “Fondo para la Paz” aims at developing WASH 
solutions that can be replicated from house to house. Solutions that are developed with and managed by the rural pop-
ulation. Over the course of three years different technologies are being developed, tested and evaluated with the help 
of participating families. Our goal is to involve the participating families in the design process, use local material and 
educate the families as well as local craftsmen. By doing so the ideas of recycling and sustainable sanitation are com-
plied together. This way fecal waste products can be reused and knowledge given to people in rural areas. By using this 
approach, we are starting a cycle to ensure that the independency of communities is achieved.

Among others the selected low-tech solutions include improvements of dry toilet, rain water collection, washing sta-
tions, greywater disposal and reuse and treatment of potable water. The dry toilet takes a special role as the technology 
is already widespread and well known but lacks correct maintenance and use. Many dry toilets are abandoned and the 
users return to open defecation. Therefore, the main goal for dry toilets is to improve the performance and attractiveness 
and inform about correct use and maintenance. The improvements implemented in the dry toilets can be divided in four 
groups:

1. Covers for the toilet and the opening of the vault, a urinal, containments for drying materials and disposal of hygiene 
materials improve hygiene inside the cabin. On the outside a sink for handwashing, a soap dispenser and mirror ensure 
a safe use.

2. Functioning ventilation is crucial for odor reduction and the dehydration process. Therefore, different approaches 
were tested to improve the performance, including a fly trap as an indicator for misuse and possible need for adaption.

3. When a dry toilet looks appealing it has a higher chance of success. Hence the optical appearance is very important, 
as well as including the families and their preferences. 

4. Education about use and maintenance is provided in form of informative posters, guides and mentoring by local part-
ners. A big difficulty is to clarify information without written text, as illiteracy must be considered.

Results and conclusions of the first years as well as an outlook to the third year are discussed in this paper.

Keywords: Dispersed community, rural development, design considerations, pilot project, sanitation, hygiene
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SESSION 1 SESSION 1

LONG-TERM ACCEPTABILITY OF URINE-DIVERSION TOILETS IN RURAL MALAWI

Hidenori Harada*, Doris A. Mchwampaka, Shigeo Fujii

Introduction:
Urine-diversion dry toilets (UDDTs) is one of the approaches to improve sanitation as well as to establish sound nutrient 
cycle by using excreta for agriculture, leading to better productivity of foods.  Successful cases of UDDTs projects has 
been reported for the sanitary improvement in developing contexts, while acceptability of UDDTs has been critically 
discussed in some cases. However, the acceptability of UDDT has been rarely investigated from long-term perspectives. 
Here, we studied long-term acceptability of urine-diversion toilet in rural Malawi. 

Methodology:
In total, 277 households (HHs) were surveyed in Nkhotakota district and TA Kayambe, Dowa district, to whom private 
UDDTs were introduced between 2008-2012 by a Japanese NGO, called Nippon International Organization for Com-
munity Development. The following were investigated through interview and observatory check: 1) physical damages 
of toilets, 2) feces/urine use, 3) before-use expectation and after-use perception of feces/urine effect on agriculture, 4) 
before-use expectation and after-use perception of diarrhea frequency reduction.

Results:
Out of 277 HHs, 221 (80%) were still using UDDTs. The main reason not to use was collapse of toilets due to strong 
winds and heavy rains. Out of 221 HHs in use, 216 (98%) were spontaneously recovering human manure from UDDTs 
for agriculture. In contrast, only 79 HHs (36%) were still applying urine in their farms as liquid fertilizer. Out of the 
221 HHs, 82% and 98%, respectively, expected (before use) and perceived (after use) yield increase moderately - very 
highly due to human manure use, whereas 30% and 44% due to urine use; even 40% did not perceived urine use effect 
at all. Out of the 221 HHs, 91% and 96%, respectively, expected and perceived diarrhea risk reduction moderately - very 
highly. Comparing between HHs in urine use (79 HHs) and not in urine use (142 HHs), HHs in urine use significantly 
highly perceived yield increase due to urine use than those not in urine use (p=0.0026, by Kruskal-Wallis rank sum test). 
The 79 HHs in urine use also had significantly larger fertilizer demand (p<0.001). Further, operational conditions of 
UDDTs were significantly better with HHs in urine use for the following items: ash container properly set in a toilet, 
urine container properly set behind a toilet, hand-washing water container properly set around a toilet.

Discussion:
A large proportion of UDDTs was still in use even after 5-9 years from installation. High expectation of feces effect on 
yield increase and diarrhea frequency reduction could contribute this high proportion. Since physical damages of toi-
lets was a primary reason of stop using, durable toilet design and self-repair training could be suggested to key counter 
measures for continuous use. Human manure use was remarkably accepted, while urine use was challenging. Urine use 
was likely governed by the perception of urine effect on agriculture and fertilizer demand. Although the Japanese NGO 
organized education programs on the use of human manure as well as urine, further education on the use of urine could 
be suggested so that people would have better perception of urine effect on agriculture.

Keywords: Urine-diversion dry toilet, acceptability, health, agriculture, water
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IMPLEMENTATION OF A DRY TOILET WITH BIOCONTROLLED LITTER
DEVICE IN AN HAITIAN RURAL AREA

G. Jean1,2,3 P. Martel-Naquin1, R. Bayard1,2 J. Lacour1,3
1 CEFREPADE, INSA de Lyon, 9 rue de la physique, France

2 DEEP Laboratory, EA7429, INSA Lyon, Université de Lyon, France
3 LAQUE Laboratory, Quisqueya University, Haïti

In Haiti, the poorest developing country in the Caribbean region and among the poorest in the world, it has been estimat-
ed that about 72% of the population does not have access to adequate sanitation systems. Open air defecation would be 
practiced by 35% of people living in rural areas, 8% in urban areas. The Haitian State is struggling to find solutions, be-
yond the punctual projects of international organizations, NGOs, that too rarely meet the conditions for their sustainabil-
ity. Faced with this deficiency, more and more people are choosing to organize themselves, with often limited means, but 
which can more easily guarantee sustainability especially since the main stakeholders are involved as soon as possible. 

That’s how things started in Grande-Plaine, a small Haitian rural community of 2,000 inhabitants, where the farming 
community has been organized for almost 25 years to take control of its own development, through actions carried out 
with little financial means, a lot of unpaid human resources and a highly empowered population. There are no beautiful 
concrete and waterproof pit latrines, only simple pits with sometimes dangerous access. In most cases, open air defeca-
tion is practiced, with all the health and social consequences that it implies. Faced with this, a local peasant association 
wanted to find a solution that would solve this problem inexpensively and sustainably.

Thus, it was decided to test the establishment of a management system of human excreta by dry toilet with biocontrolled 
litter. The population was involved from the beginning in the process. The experiment began with the production and 
delivery of 25 toilet modules to pilot households, the selection of the collective composting site and of its management 
conditions. Having opted for voluntary intake and community management of residues, households bring in their buck-
ets every week. After two years of operation and monitoring, nearly 8 tons of solid residues were collected. Households 
have completely adopted this method of sanitation. Toilet facilities were also built in a school, as well as removable 
toilets used during events.

Before scaling up, a major scientific program was conducted on a pilot scale to optimize composting conditions to en-
sure the production of hygienic and good quality compost. It focused on the characterization of litter and residue and the 
evolution during composting, according to different configurations. Today, the experimental phase is over and replica-
tion to other sectors is underway.

Keywords: dry toilet, biocontrolled litter, sensitization, composting, ecological sanitation, developing country, Haiti



PROMOTING SUSTAINABLE SANITATION TO MONGOLIAN PUBLIC USING
A BOOK AND A NATIONWIDE TRAINING

Oyungerel Tsedevdamba

My name is Oyungerel Tsedevdamba. I am the author of a new book released in Mongolian by Local Solutions Foun-
dation titled Let’s Change Our Toilets. The book, launched on the World Toilet Day of 2017, aims to educate regular 
Mongolians, using simple language and illustrations, of the examples of many different toilets and sludge management 
business and policy examples.

I also serve as the President of Local Solutions Foundation, an Ulaanbaatar based NGO, whose aim is to educate local 
leaders on environmentally friendly, public participatory practical decision making with global vision. Local Solutions 
Foundation is currently undertaking a project to educate Mongolian public on toilet changes.

Until recently, the word “toilet” has cultural stigma attached against it, and discussing about existing, soil polluting pit 
toilets was socially marginalizing against those who live in ger districts and undeveloped areas.

During 2012-2016 while I served as a Member of Parliament, I drafted and a Law on Waste Management and success-
fully got it adopted after a continuous drama related to the term “toilet”. In the end, the law was finally adopted with 
minimum use of the word. But the word “toilet” still got into the law finally.

After witnessing tremendous barriers to channel government policies and financing, and involvement of public in the 
toilet related decision making during my term in Parliament, I wrote a simple book about toilet options hoping to help 
the communities make their decisions with ease, grace and optimism. 

In my book, toilet is a beautiful word, toilet options are many, and toilet related businesses are innovative, humane and 
prosperous. The team of the Local Solutions Foundation has developed 25 posters, and 1-3 day training curriculum, 
and two video contents based-on the book. Beginning from January 5, 2018, the team lead by me will be conducting 50 
free trainings for 3000 activists all over Mongolia. Our training tour will cover all 21 provinces of Mongolia and all 9 
districts of Ulaanbaatar. 

I would like to participate in the DT 2018- 6th International Dry Toilet Conference before our year-long educational 
project ends by November 19, 2018. I am eager to share my knowledge from the Conference with the Mongolian public 
as soon as I return home.  Mongolian media, LSF trainees and social media users are all tuned to learn and spread new 
knowledge on toilets in the year of 2018. 

Keywords: Mongolia, Toilet Book.,Training
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RETURN TO LEARN – ECOSAN USE AND REUSE POST-PROJECT IN VILLAGES
IN BURKINA FASO AND NIGER

Linus Dagerskog (SEI, Sweden), Sarah Dickin (SEI, Sweden),
Karim Savadogo (CEFAME, Burkina Faso), Kailou Hamadou (Niger)

Several ecological/productive sanitation projects have been implemented in Burkina Faso and Niger over the past ten 
years. However, little is known on the sustainability of the project outcomes and what worked well and less well 
post-project and the reasons behind successes and failures. To learn from past efforts three projects were revisited in 
Burkina Faso as well as one project in Niger. 

In Burkina Faso, ~10% of households in three projects were revisited two to eight years after the households had ac-
quired the toilet. Trained field workers carried out 522 household-interviews and inspected the state of toilets. All pro-
jects had built double vault urine diverting toiles. 71% of surveyed households stated fertilizers as first or second reason 
to acquire the toilet, before health (44%) and environmental cleanliness (33%). 90% of household claimed to still use 
the toilet while observations indicated that 74% of toilets were in regular use. A discouraging finding was that 58% of 
women did not use the toilet when menstruating due to cultural issues related to shame and fear of staining the toilet and 
contaminating fertilizers.

When it comes to emptying vaults and reusing the products, the Ecosan_EU2 project showed strong results, with 96% of 
households having emptied and 89% emptying a vault every year, which confirms consistent toilet use. At the other end, 
only 33% of households in the EU_LVIA project had emptied a fecal vault, and 17% emptied at least every year. This 
can partly be explained by lower toilet age in the EU_LVIA project, but more likely it was the thorough reuse training 
and farmer field trials carried out in the Ecosan_EU2 project that created motivation for regular use and reuse. Urine col-
lection is weak in general (0-30% of potential), mainly due to non-use of toilets when only urinating. 87% of households 
were satisfied with the results from reuse, but 55% of households were concerned by the urine odours.

In Niger, the productive sanitation project in Aguié (PS-Aguié) was revisited in 2015, five years post project, but in a less 
comprehensive way compared to the projects in Burkina Faso. Four villages were visited, and mainly the state of toilets 
was examined together with a focus group discussion in each village. Here low-cost UD twin pit composting toilets 
were implemented. Of 116 toilets visited, 55% were still in use. Reasons for abandoned latrines were collapsed pits due 
to inundation, the need to carry the slab to the second pit and unwillingness to dig out the contents (75% of toilets had 
filled up, but only 25% had been emptied). Replacement of broken jerry cans and flexible pipes is also challenging in the 
very poor communities. Adding urine to the household composting heap was a common and appreciated reuse strategy. 

Reuse possibilities can play an important role for ecosan adoption in rural Burkina Faso and Niger. However, to sustain 
project outcomes, comprehensive training on toilet as well as fertilizer use and management is needed, but also that 
cultural issues related to menstrual management and excreta reuse are adequately addressed.

Keywords: sustainability, ecosan projects, Burkina Faso, Niger
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DRY TOILETS TECHNOLOGY REVIEW WITHIN THE FRAMEWORK OF CIRCULAR
ECONOMY: THE TRANSFORMATION OF HUMAN EXCRETA INTO NEW RESOURCES

AND RISKS ASSOCIATED WITH THEIR UTILIZATION

Mariya E. Kelova*, Petter D. Jenssen
Norwegian University of Life Sciences (NMBU),

Faculty of Environmental Sciences and Natural Resource Management (MINA) 

 
Waste is entirely anthropogenic concept, which notion is receiving more and more criticism. This criticism originates 
from the concepts of sustainability and the circular economy as a pathway towards sustainability. Circular economy 
promotes a systematic shift towards global prosperity and sustainable living. This is to be achieved through – reducing, 
reusing, recycling and recovering materials. Dry toilet systems are non-sewered on-site systems for collection and treat-
ment of human excreta. They are common in areas without infrastructure, in economically and resource constrained set-
tlements in developing countries and furthermore in rural and remote areas in developed countries, in particular within 
the Scandinavian countries. They require little resource input in terms of water, infrastructure and energy in contrast to 
the conventional systems. Nevertheless, the waste is concentrated in a small, undiluted volume with high concentration 
of valuable plant nutrients, but also in the case of a sick user - with high concentrations of pathogens and pharmaceuti-
cals. 

The first objective of this paper is to provide an overview of the existing dry toilet technologies by distinguishing be-
tween well-established traditional treatment methods and emerging and innovative designs and methods. The second 
objective is to review the output products of these treatment options in relation to recycling and recovery of materials. 
An important issue in this context is the potential health and environmental risks posed by pathogens and emerging 
contaminants like pharmaceuticals. 

The analysis identified a diversity of technological options based on storage and treatment that can be utilized. Tradition-
ally, the on-site treatment is based on storage, dehydration and composting. Recently more innovative on-site methods 
have been developed, which include Terra Preta sanitation, vermicomposting, black soldier fly larvae composting, bio-
gas production, pyrolysis and incineration. This diversity is then translated into a diversity of output products. A general 
classification of the products divides them into compost, fecal sludge, urine, charcoal, ash and energy. 

The utilization of dry toilets for on-site sanitation is already well rooted within the principles of circular economy. In 
comparison to the traditional linear end of pipe solutions, they require minimal resources, reduce the waste and in most 
cases can provide a valuable new product. However, the quest for solutions within the circular economy approach should 
not be reduced to what is better in terms of reduce, reuse and recycle but should include an integrated systems approach 
to identify specific and resilient solution for a given specific conditions. This paper provides a condensed overview of 
the existing knowledge, research and design innovations of dry toilet sanitation systems and output products that can be 
used to guide decisions, practices and further research.  

Keywords: Dry toilets, circular economy, review, recycling
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AMMONIA DIFFUSION THROUGH A SEMIPERMEABLE MEMBRANE
DURING FORWARD OSMOSIS PROCESS

Guizani Mokhtara,*, Hassan Hamidahb, Nikiema Benedicte Carollea, Ito Ryuseia, Funamizu Naoyukia
a Hokkaido University, Japan

b International Islamic University, Malaysia

Human urine is rich in nutrients such as nitrogen (N), phosphorus (P) and potassium (K). The recovery of these nutrients 
and their recycling in the farmlands is crucial for a sound ecological sanitation. However, and due to the bulky volume 
of urine, it is necessary to reduce the volumes and concentrate the nutrients to reduce storage and transportation costs to 
farm lands.  Forward osmosis (FO) emerges as an interesting technique to reduce the volume of urine and recover the 
nutrients. However, our previous works on hydrolyzed urine concentration using FO showed that while Phosphorus and 
potassium showed good recovery, a significant amount of nitrogen diffuses to the draw solution side. This study was 
therefore conducted to better understand the diffusion of nitrogen through FO membrane during urine volume reduction. 
It is well known that the equilibrium between free ammonia (NH3) and ammonium(NH4+) is pH dependent. We assume 
that nitrogen diffusion through semi-permeable membrane depends on the species present in the solution. In another 
words, we assume that nitrogen diffusion through the membrane is caused by ammonia molecule NH3. A series of FO 
experiments were conducted at different pH values to assess the diffusion of nitrogen for each case. Sodium hydroxide 
(NaOH) and PO4 phosphate or H3BO4.KCl were used as pH buffers to keep the pH around the set value. In these ex-
periments, draw solution consisted of 5M NaCl solution and feed solution consisted of an ammonium chloride solution. 
Results showed that ammonia concentration in feed solution decreased over time, while it increases in the draw solution 
side. The diffusion was more significant at higher pH, where ammonia ions are more abundant than ammonium. These 
finding suggest that nitrogen diffusion occurs mainly when pH conditions favors the presence of ammonia.  It should be 
reminded that hydrolyzed urine features a pH in the order of 8.5 to 9.5, a condition favorable for ammonia diffusion to 
draw solution side. 

Keywords: Forward osmosis, urine, nutrients, ammonia, ammonium
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EXPERIMENTAL USE OF HUMAN URINE IN AGRICULTURE IN SOUTHEAST NIGERIA:
PROSPECTS AND CHALLENGES

Odikamnoro Oliver Onyemaeze* and Odikamnoro Oluchukwu
Ebonyi State University, Nigeria

Urine is an aqueous solution, made up of more than 95% water, with the remaining constituents made up of urea, creati-
nine, dissolved ion (chlorine, sodium, potassium etc) inorganic and organic compounds.. Thus, these nutrients present in 
urine could be useful as fertilizers. Therefore, human urine can go a long way to assist in the growth, yield and produc-
tion of maize in both small scale and large scale. In southern Nigeria, maize has been the principal cultivated cereal until 
the introduction and expansion of production of rice and has been used primarily as human food. The experiment was 
designed to determine the effectiveness of human urine as a viable and beneficial form of plant fertilization.  Seeds were 
planted at a plant spacing of 25cm x 75cm at one plant per stand on a bed of 2x2m. Human urine was collected from 
private homes and stored in air-tight containers for a period of two weeks (2 weeks) before application was done. Before 
application 15 liters of the collected urine sample was diluted with 10 liters of water. Human urine was applied 2 weeks 
after germination and application continued until 3 weeks before harvest.  The results of this research affirmed earlier 
studies. Maize varieties fertilized with human urine produced almost similar results as those fertilized with other sources 
of nitrogenous fertilizer. This agrees with the works of Kirchmann and Pitterson (1995), which affirmed that the urea or 
ammonium-N in urine compares well with that of urea and inorganic fertilizer. This means that urine can be used at the 
convenience of a home to grow crops all year round. Thus overall experience suggests that human urine is a good source 
of nutrients, especially nitrogen. Urine is thus considered to be as effective agronomically as urea.  It is an inexpensive, 
abundantly available, effective organic crop fertilizer. In the taste assessment test, tasters could not differentiate between 
maize  fertilized with human urine and those fertilized with other sources of fertilizers. However tasters did not prefer 
any particular maize samples as all the maize grains were evaluated as being good-tasting. This shows that human urine 
does not affect the taste of any crop it is being fertilized with. Transportation of containers with human urine in them to 
the experimental site was cumbersome Offensive odour from stored human urine during application was a put-off People 
showed resentment when told that the maize was fertilized with human urine. There was breakage of maize stem caused 
by heavy winds and rains which resulted in some plant losses.

Keywords: Urine, fertilizer, agriculture

BIOCHAR ENRICHMENT USING HUMAN URINE AND ITS IMPACT ON SOIL
PROPERTIES, GROWTH AND YIELD OF FRENCH BEAN 

Gnanaranjan Panigrahi* Srinivasamurthy, C. A.**, and Prakash, S. S.***
* Assistant Agriculture Officer, Govt. of Odisha, India

** Director of Research, Central Agricultural University, Imphal, India (corresponding author)
*** Professor of Soil Science, College of Agriculture, V C Farm, Mandya, UAS, Bangalore

Collection and handling of human urine has been a major problem since several decades due to issues related to hy-
giene. Also there will be volatilization loss of ammonia during storage, thus leading to reduction in nitrogen content and 
obnoxious smell. On the other hand, due to intensive cultivation of farm lands, there has been a drastic decline in the 
organic carbon content of soils thus affecting soil health and productivity. To address these twin problems this research, 
work was carried out with the following obhectives.

1. To develop protocol for enrichment of brochar using human urine
2. To study the effect of enriched biochar on soil properties, growth and yield of French bean.

To meet out the objectives, two experiments were conducted  

a) Incubation experiment under green house condition for preparation of enriched biochar using urine in six different 
ratios (1: 0.75, 1:1, 1:1.25, 1:1.5, 1:1.75 and 1:2) by adding calculated quantity of urine to 25 kg biochar. Also calculated 
quantity of sulphuric acid was added to prevent loss of ammonia after conducting an in-vivo (laboratory) trial.

b) Experiment using French bean as a test crop in a farmer’s field near
Bangalore with nine treatments and three replications. Growth parameters of French bean and yield were recorded. The 
changes in physical, chemical and biological properties of soil were assessed. 

There was a substantial increase in the total and available nutrients content of biochar due to addition of human urine 
to biochar. The available NPK content of biochar at the end of incubation was 0.16%, 0.19% and 1.1% in 1:0.75 ratio 
which increased to 0.75% 0.25% and 1.43% in 1:2 ratio. There was increase in the total nutrients content of biochar in 
all the six biochar urine combinations.

In the field experiment application of enriched biochar-1 (1:2) to supply 50% N +50% N through fertilizers recorded 
higher values in respect of plant growth parameters, nutrient uptake and yield for French bean (6604 kg ha-1). All the 
enriched biochar treatments recorded much higher yield over FYM alone and biochar alone treatments. 

Significant differences in the physical, chemical and biological properties of soil were observed due to biochar treat-
ments except bulk density, pH and DTPA extractable zinc, copper and boron content of soil.

It can be concluded that use of enriched biochar improves the water holding capacity, soil stability enzymes activity, 
fertility and overall health of soil. 

Keywords: Biochar, enrichment, human urine, French bean, soil properties
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MINERAL FERTILIZER PRODUCTION FROM HUMAN URINE USING
GAS-PERMEABLE HYDROPHOBIC MEMBRANE  

Surendra K Pradhan*, Anna Mikola, Riku Vahala
Department of Built Environment, School of Engineering, Aalto University

Human urine contains about 4 g/L of nitrogen (N) and 0.4 g/L of phosphorus (P). N and P from urine have been recov-
ered as Struvite. Struvite recovers about 99% phosphate but only about 10% of N. Nitrogen in urine has also been recov-
ered by stripping of ammonia. But it needs a new process to remove P. There is a need for a new technique to harvest N 
and P separately so the product can be used independently.

Recently, we have developed a new approach called “NPharvest” to recover N and P from different liquid wastes in-
cluding urine. NPharvest is based on an increase of pH in urine using Ca(OH)2 to precipitate P (Equation 1) and convert 
NH4-N into ammonia gas. This gas passes through GPHM (gas permeable hydrophobic membrane), reacts with H2SO4 
and forms Ammonium sulfate (AS) (Equation 2). 
10*Ca2+ + 6*PO4 3- + 2*OH- → Ca10(PO4)6(OH)2 ↓   Equation 1 
2NH3 + H2SO4 → (NH4)2SO4      Equation 2 

The main objective of this study is “to harvest N and P from urine at different temperature”.

 

Experimental design: - Seven hundred ml of urine was taken to a glass bottle and added 13 g of Ca(OH)2 to achieve pH 
12. One hundred thirty ml of 1M H2SO4 was taken in 250 ml bottle. The GPHM was submerged in the urine and the 
connected PVC pipe was submerged in the H2SO4 (Figure 1). When the acid circulated inside the GPHM, the ammonia 
gas passed through GPHM reacted with acid and formed AS. The experiment was conducted for 8 hours at 30 oC, 16 
hours at 20 oC and 24 hours at 8 oC. After complete the experiment, the sediment and the ammonia adsorbed H2SO4 
solution was dehydrated and produced a crystal AS and powdered P compound. 

Our result showed that NPharvest technique can harvest 99% of N and P from urine. The harvesting was faster at 30 oC 
compared with lower temperatures. This technique was able to harvest 98% of N and P even at 8 oC. The result showed 
that this technique can be used in cold climate like in Finland. The harvested AS can be used as mineral fertilizer as it has 
similar N quality as mineral AS. The P was harvested with CaCO3 which can be used as soil amendment. In economic 
consideration, it was found that extraction of N and P from 1 m3 of urine can make a profit of €2. This technique can be 
used also to treat other high N containing liquid waste, such as reject water which will reduce the N load in waterbodies 
e.g. the Baltic Sea. Use of NPharvest will be energy efficient as this process treat the liquid waste and at the same time 
produce the mineral fertilizer. 

Keywords: urine, Ammonium sulfate, nutrient recovery, sanitation, NPharvest

ENHANCING THE ADSORPTION PROPERTIES OF CARBONIZED HUMAN FECES
BY SIC NANO-PARTICLES FOR HEAVY METAL REMOVAL

M. Ganesapillaia, Aman Sharma, Bonny Gul Thawani, Chinmoy Deb, 
Raghav Dangayach, Varun Gore

Mass Transfer Group, Department of Chemical Engineering,
School of Chemical Engineering, Vellore Institute of Technology, India

The casualties of bad economics and poor infrastructure are millions of deaths (mostly children) every year due to 
diseases associated with inadequate water supply, sanitation and hygiene. Safe disposal of excreta to inhibit the contam-
ination of environment, water and food is thus essential for ensuring a healthy ecosystem and for protecting personal 
health. Regardless of the method, treatment and disposal of human feces is one of the principle methods of breaking the 
fecal–oral disease transmission cycle. Carbonizing human feces eliminates the pathogenic interactions and contamina-
tion, aiding to the safe treatment and disposal. To promote a sustainable solution to the ever growing water treatment 
concerns, the current study aims to use carbonized human feces as a potential adsorbent for the removal of heavy metals 
from the effluent streams. This opens up new avenues for human solid waste management and treatment methods to 
introduce inexpensive adsorbents into the global scenario. 

Freshwater contamination by heavy metals is one of the most commonly observed consequence of rapid industrializa-
tion. They are hazardous to the ecosystem, due to their toxic, mutagenic, carcinogenic and non-biodegradable nature. 
Synthetic effluent stocks (Pb+2, Ni+2, Ag+) prepared at different initial concentrations (10, 20, 30 ppm) were used in a 
batch scale adsorption for varied temperature (30, 40, 50℃), mass loading (5, 10, 15 g) and pH (5.0, 6.0, 7.0). To in-
crease the adsorptive behavior of the prepared sorbent, the samples were subjected to microwave activation in the pres-
ence of Silicon Carbide nano-particles. Sorption equilibrium of batch studies was predominantly observed at 6 hours, 
where the absorbance from atomic adsorption spectroscopy was noted at regular time intervals. Batch Isotherm curves 
highlighted the best fit for Langmuir Isotherm and it followed pseudo-second order kinetics.  Additionally, process 
thermodynamics implied the presence of Van der Waal’s and electrostatic interactions between heavy metal ions and the 
surface of carbonized feces. For all the aforementioned conditions, sorption was found to be exothermic, spontaneous 
and physical in nature. It was observed that the adsorption drastically increased from 60.3% to 87.2%, when the feces 
was irradiated with microwave in the presence of Silicon Carbide nano-particles (0.2 mg). These results recommend the 
usage of carbonized human feces as a prospective adsorbent for heavy metal removal as it provides a mutually beneficial 
solution towards solid waste management and wastewater treatment.  

Keywords: Human Feces, Adsorbent, Microwave activation, Nano particles, Water treatment
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ECO TOILET DEHTLET SYSTEM

Derek Lam
Hong Kong

DEHTLET, a short form of dehydration toilet, is a patented aerobic human waste digestive system where feces and urine 
undergo ventilation separately inside a special designed chamber. The objective is to reduce the health risk, to protect 
the environment, to prevent ground and surface water polluted, to reuse nutrient or energy contained within waste and to 
ensure people’s dignity. Dehydration and ventilation are the key mechanisms of the treatment process where excreta are 
treated without using water, chemicals and biological substances. The system makes use of the wind resources to draw 
air penetrating through excreta which is stored in form of layer and air dehydrates feces and oxidizes urine. It is natural 
and efficient way to treat human excreta without consuming electricity. The treatment process enables a hygienically 
safe, economical, and closed-loop system to convert human excreta into nutrients to be returned to the soil, and urine 
to be returned to the land. The treated excreta do not need second or further waste treatment process and be recycled 
back to field. The system has been implementing both in urban and rural environments in Hong Kong by serving the 
construction industry in urban areas where there are hundreds of kilograms of semi dry feces transported weekly back 
to the farmlands to continue further dehydration process in the treatment chambers before going back to the field. Hun-
dreds of buckets of urine per week are collected and transported to the farmlands for soil irrigation. This creates a small 
scale closed-loop system where a sustainable and ecological sanitation is implemented. Urine is also a good source for 
hydrogen which can be used to produce electricity through generator. The energy generated is sufficient for small scale 
farmland daily use. The system also serves rural areas in Hong Kong country parks where dried organic matters are 
collected and transferred back to field. Responses and feedbacks in terms of agricultural products and harvest yield from 
those farmers using the end products of the system are positive. In terms of social and cultural aspect of sanitation, men-
strual hygiene is still common issue in many developing countries. Due to embarrassment of inadequate and insufficient 
sanitation facilities, the women and girls in those areas are afraid of going to work or to school during menstrual period 
that create social and cultural problems. The large storing and ventilated areas for wastes in the treatment chamber can 
intake substances such as tissue papers, menstruate products and even underwear without blocking the toilet system. 
DEHTLET is a low cost, user friendly, easy replicated and a sustainable sanitation to the code with the situation. 

Keywords: Resource productive sanitation technology 

TOILET DESIGNS AND THE SANITATION PROBLEM IN URBAN DEVELOPING REGIONS

Xanthe Roux
University of the Witwatersrand, South Africa

It could be argued that appropriate toilet technology has largely been established; but there has been a surge in new 
toilet technology due to the efforts made to attain universal access to approriate sanitation. The current barriers to san-
itation in poor urban areas of developing countries include infrastructure issues, geological issues, political hesitation 
and governance issues as well as the lack of motivation in poor communities to develop internal solutions. This paper 
aims to analyze the two groups of toilet technologies, named here as the tried and tested toilet interface and the new 
design-brief toilet interface. In the first group these are the urinary diversion (UD) toilet, the ventilated improved pit 
latrine and the pour- and low-flush toilet; and in the second group these are mainly the toilets developed by the Bill 
and Melinda Gates foundations through the Reinvent the Toilet compaign. These are not distinct groups and there are 
some toilets that overlap between the two. A summary was done of each of the main toilet types, and the benefits and 
problems were described for these two groups of toilet types. It was found that while the tried and tested toilets were 
appropriate solutions for most poor urban settings, there is significant benefit in utilising a novel, new-age technology 
that generates pride for one’s toilet. Only time will tell the true benefit of the new design-brief toilets as their testing is 
still in progress, but conclusions can be drawn from the tried and tested toilets. While the UD toilets are the strongest 
toilet technology for these contexts, the pour-flush toilet used with a simplified sewer system might prove more appro-
priate if the community is resistant to handling feces or reusing waste or if dry toilets are viewed as second class. More 
choice in toilet technology is always better due to the complicated problems that these sanitation systems are aimed to 
solve. While tried and tested toilets lack the appeal that a new ’toy’ provides, one of their strongest benefits is the fact 
that they can be replicated and developed on a local level if the toilet is truely adopted into that community. In all toilet 
and sanitation solution implementation, it is recommended to develop good engagement with the affected community, 
incorporate other projects that address poverty alleviation and try to encourage internal demand for sanitation solutions 
through education and empowering of the community, no matter how high-tech the toilet design might be. 

Keywords: Developing Country Sanitation, Toilet Design, Sanitation Solutions
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FERTILITY OPTIMIZATION OF STORED URINE IN A DRY TOILET

Mooyoung Han*, Shervin Hashemi
Dept. of Civil and Environmental Eng., Seoul National University, Rep. of Korea

Challenges of inadequate sanitation are known as one of the most critical global issues. Approximately, 2.3 billion 
people lacked any sanitation system while 892 million people worldwide are practicing open defecation. Such unsus-
tainability of the current sanitation systems is mostly due to high water and energy consumption, mixing urine and feces 
and sending them to wastewater treatment plants which cause overloading nutrients in wastewater, and lack of sufficient 
treatment.

Recently, ecological sanitation systems using dry toilets (DT) are attracting attention as solutions to solve the mentioned 
problems. Through DTs, there will be less or no water and energy consumption, and source-separated urine can be treat-
ed and utilized as fertilizer.

However, these practices are not new in some Asian countries. In different Asian countries such as Korea, Japan, Viet-
nam, ancient sanitation systems were based on ecological principles which have been practicing for hundreds of years. 
As an example, ancient Koreans used to collect, stored, and utilize urine as fertilizer. This practice is common sense for 
farmers and some of the citizens until now since higher crop production is expected.

To make this process sustainable, defining a clear goal and trying a scientific approach to treating urine is essential. 
The European Commission (EC) mentions that for a nitrogen-based fertilizer, the ratio of ammonium (NH4+) to nitrate 
(NO3-) should be 1:1 to be considered as a standard fertilizer. The chemistry of urine shows that it naturally produces 
ammonia through hydrolyzing process of urea. Therefore, using nitrifying microorganism can be considered as a useful 
approach to optimize the fertility of urine stored in a reactor after separation.

In this study, the effect of adding Nitrosomonas Europaea bio-seed to urine stored in a tank-in-series has been investigat-
ed. Our results show that there is an optimum concentration of initial bio-seed addition to making the urine meet criteria 
of a standard fertilizer in the reactor. After adding 6 × 105 cells to one liter urine, not only the ammonium to nitrate ratio 
sustained at 1:1, but also, it reduced the required detention time for stabilization as well as the amount of nutrient loss 
through evaporation of ammonia, which not only enhances the fertility of urine but also it can control the produced odor.

This approach can be suitable for ecological sanitation systems with the final goal of utilizing urine as fertilizer. Con-
sequently, such technique can be considered as a practical step toward the sixth item of the Sustainable Development 
Goals (SDG6).

Keywords: Dry Toilets; Ecological Sanitation; Nitrosomonas Europaea; Optimizing Urine Fertility; SDG6

INTRODUCTION OF COMPACT COMPOST TOILET AS A DISASTER PREPAREDNESS
TO DETACHED HOUSING IN JAPAN

Yoshiki Higuchi
Nippon Institute of Technology, Japan

In Japan, at the time of a large-scale disaster, the home toilet can’t be used due to the collapse of the house or cutoff 
of water supply. At that time, the number of people who use the toilet at the evacuation center increases, and the toilet 
environment at the evacuation center gets worse. Mainly, deterioration in public health becomes a big problem.
In Japan, the number of households that stockpile a disaster toilet is only 15.3% as of 2017, so toilets are a major prob-
lem in disasters. It is highlighting the fact that the preparation of disaster toilets at home is inadequate.
The questionnaire surveyed by the author in 2017 reveals that citizens are not aware as to what types of disaster toilets 
are available. This result seems to be one of the reasons for the low stockpiling rate of disaster toilets.
In recent years, manhole toilets, temporary toilets, etc. are spreading as methods of using toilets in evacuation centers. 
However, the most important thing is to stock disaster toilets at home and increase the proportion of ”Home Evacua-
tion”. With this approach, it becomes possible to lower the utilization rate of the toilet in the evacuation shelter.
A compost toilet is one of the disaster toilets type of stockpiling at home. It requires some effort compared with a flush 
toilet, but in the event of a disaster, a compost toilet does not use electricity and water, can be used continuously.

Against this background, in this research, using the compact compost toilet as a preparation for disaster at detached 
housing was proposed by the following procedure:
First of all, for how many days, one household (consisting of four people) can continue to use a compact compost toilet 
was examined. The following conclusions could be obtained.
(1) The compact compost toilet for one person could be used continuously for three months in the summer and one 
month in the winter, assuming the use of four people per day. Therefore, it was found that the compact compost toilet for 
one person could be used as a disaster toilet until the sewer system was restored (roughly one month).
(2) We proposed a formula to calculate the number of days that the compost toilet can be used continuously, based on 
the volume of the compost toilet treatment tank, number of people who used per day and season.
Next, we created a DIY manual for making compost toilets for disasters, aiming to prepare disaster toilet preparations 
at each household.
This can greatly contribute to raising the stockpile ratio of disaster toilets in households.

Keywords: Compost Toilet, Disaster Preparedness, Cutoff of Water Supply, Home Evacuation
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PROJECT NIRMAL - PILOTING APPROPRIATE AND SUSTAINABLE SANITATION SERVICE
DELIVERY IN SMALL TOWNS OF ODISHA, INDIA

Ms Uzra Sultana *, Manager, Arghyam; Mr Hrudananda Mohanty, Project Manager, Practical Action Foundation

India is rapidly urbanizing country in South Asia at a rate of 2.8% from 2001 to 2011. At the same time, most Indians 
do not have access to safe sanitation. In urban India, 33% of population is connected to the sewer, 38% use septic tanks, 
11% uses pit and other latrines. Fecal sludge management (FSM) in terms of safe removal from the onsite sanitation 
systems and safe disposal is a new challenge with the launch of Swachh Bharat Mission that aims to achieve a clean and 
Open Defecation Free India by 2019.

Recognizing the complexity of the urban terrain and development in India, Arghyam in partnership with Practical Action 
Foundation, in its urban programme initiated pilot project in faecal sludge management in Angul and Dhenkanal towns 
of Odisha State as one of the theme to build practice and knowledge that will be used to scale up the work and dissem-
inate the knowledge to policy makers and practitioners.

The project aims to demonstrate a town-wide sanitation system for small towns strongly incorporating FSM techniques 
for on-site sanitation systems by having strong link to the market, not just for collection, transportation, treatment and 
disposal, but also for re-use. To facilitate these initiatives and to ensure sustainability and replicability, the project focus-
es on building capacity of existing institutions at the state level for effective capacity building of urban planners, Urban 
Local Body (ULB) staff and line department officials (Odisha Water Supply & Sewerage Board) by creating a cadre of 
state level master trainers in each of the specialized areas who would in turn train stakeholders across the state. Though 
there is a regulation on banning the manual services, such service providers are still dominating. The project considers 
the livelihood alternatives of the manual scavengers involved in emptying the pits manually. The Slum Sanitation and 
Ward Sanitation Committees are formed through awareness mainly to mobilize community towards identifying the san-
itation issues at community level, creating demand to address these issues, institutionalizing the community monitoring 
processes and basically building bridge between communities and ULBs. Women participation is institutionalized in 
these platforms through their representation.

The technology used for the implementation of the Faecal Sludge Treatment Plant comprises of an anaerobic digestion 
and sludge drying for faecal sludge treatment, whereas DEWATS is chosen for liquid treatment. Finally, the partially 
treated effluent will be pumped through a Sand & Carbon Filter to match with disposal standards. Treated water will 
be used within the plant and the rest will overflow into agricultural fields nearby. The technology chosen is low cost 
technique with simple operations.

Keywords: Faecal sludge, service delivery, capacity building, sanitation committee
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DEVELOPING THE CLEAN AND GREEN VILLAGE FRAMEWORK – COMBINING ADVANTAGES 
FROM CLTS AND ECOLOGICAL SANITATION FOR RURAL HEALTH AND PRODUCTIVITY

Linus Dagerskog* (SEI, Sweden), Sarah Dickin (SEI, Sweden), Karim Savadogo (CEFAME, Burkina Faso)

This paper outlines Clean and Green Village (C&G), a new implementation framework aiming to promote progress 
towards safe sanitation and hygiene while encouraging households to benefit from safely recycling resources found in 
local waste streams. C&G is especially relevant for rural smallholder communities where reliance on local resources is 
high. This is oftentimes the case in rural areas of the least developed countries where 74% in 2015 did not have access 
to basic sanitation (SDG definition). 

Large investments and efforts will be needed to reach the sanitation SDG targets in rural areas by 2030. However, by tak-
ing advantage of organic matter, water and nutrients present in waste water and excreta, sanitation could be a catalyst of 
progress towards a wider range of SDG targets. To obtain the full range of co-benefits, interventions need to emphasize 
both effective risk and resource management, reducing health threats and enhancing productive potential from a range of 
human, animal and household wastes present in rural communities. However, there is currently a lack of implementation 
frameworks to promote this kind of integrated “risk and resource management”. 

C&G aims to fill this gap, drawing on the advantages of both Community Led Total Sanitation (CLTS) and ecological 
sanitation (Ecosan), responding to an appeal by Movik and Mehta (2010): “CLTS could fruitfully engage with ecologi-
cal sanitation finding synergies between CLTS’ focus on community action and emphasis on behaviour change and the 
ecosystems thinking characteristic of eco-sanitation that frame sanitation in terms of ecological resilience and robust-
ness…charting new pathways to sanitation that are both more robust and durable.” 

C&G has two parallel but integrated tracks, as illustrated in Figure 1. It combines a step-wise approach for sanitation 
and hygiene risk management (Clean) with a parallel resource management track (Green) that encourages safe and 
productive reuse of various local wastes. It uses a certification scheme to motivate and reward villages and households 
that make and maintain progress in the two tracks. The Clean and Green tracks are complementary, where opportunities 
for recycling and production can act as “pull factors” for sanitation adoption – as long as health aspects are considered.

In a first step to operationalize the C&G framework, preparatory research is carried out in Burkina Faso early 2018, 
testing a participative mapping methodology to identify key risks and resource opportunities in local communities. 

The full paper will include the risk and resource mapping methodology and results from the initial field assessment, as 
well as a more detailed outline of the C&G framework and how it could be operationalized. 

Within the C&G framework, different approaches can contribute depending on context and needs. CLTS could be 
used in the first clean step to trigger commu-
nity engagement and initial toilet coverage, 
while EcoSan ideas are introduced in parallel 
during the process using participative exercis-
es to raise awareness on reuse opportunities 
and motivation for action. Building on these 
strengths, both the scale and sustainability 
challenges of rural sanitation can hopefully 
be addressed. 

Key words: implementation framework,
integration, risks, resources 

BUSINESS MODELS FOR CONSTRUCTION AND MANAGEMENT OF
COMMUNITY MANAGED ECOSAN TOILETS  

Ms Bukola Babalobi, Babatope Babalobi*
Bread of Life Development Foundation, Lagos, Nigeria

Background
Access to safe sanitation facilities and safe hygiene practices is still a huge challenge in Nigeria. Out of a projected 
population of 182m (United Nations Population Division, 2014) only 29% (53m) have access to improved sanitation 
facilities, 24% (44m) use shared latrines; 22% (40m) use unimproved facilities, and 25% (45m) defecate in the open, 
according to the WHO//UNICEF Joint Monitoring Programme (JMP) report 2015. 
Nigerian Government did not achieve the MDGs for both water and sanitation, and there are fears that the SDGs may 
also not be achieved by 2030 unless innovative strategies are adopted to accelerate safe sanitation coverage.

Activity 
The European Union is presently implementing the Water Supply and Sanitation Sector Reform Programme Phase III 
(WSSSRP III) in 3 States (Adamawa, Ekiti and Plateau) in Nigeria; and this abstract discusses the business models for 
community managed ECOSAN toilets, which were developed as practical solutions designed to improve through sani-
tation service delivery in small and urban towns in the three states.

The author worked as Senior Sanitation Reform Specialist under the WSSSRRP III between 2015- 2016, during which 
he suoervised the implementation of several capacity building hands on training for community leaders in the three 
states on ECOSAN toilets.  About 314 community leaders drawn from traditional institutions, market associations, 
youth groups, women associations, minucipal bodies, community organisaitons, and non government organisations, 
representing about 65 small towns in the three states, attended the training sessions.

Objectives
a. Train participants on how to design and construct ECOSAN toilets.
b. Discuss religious, gender, and cultural barriers to the use of ECOSAN toilets as safe sanitation solution in Nigeria, 
and profeer  strategies to overcome thiese barriers.
c. Support sixty five small towns to design and develop a bussiness model for construction and management of ECOSAN 
toilets
a. Develop an action plan to construct and manage ECOSAN toilets in each of the communities based on the developed 
bossiness plans 
 
What was done and how?
A one-week intensive hands on training workshop was organised for representatives of the 65no communities and small 
towns, during which they were introduced to Ecosanitation, human nutrient cycle, primary treatment options, disposal 
options, types of slab, slab designs, types of superstructure; dry toilets design and construction, toilet cleanliness, modi-
fications to make toilets accessible and easy to use for different people; and financing options for ECOSAN toilets. Also, 
a sanitation System Designs workbook was used to design a preferred design of ECOSAN toilet.

As part of the workshop, each of the community developed a bussiness plan for construction and mangement of the low 
cost ECOSAN toilet.. These bussiness plans were reveiewed by Facilitators of the workshop, and finalised by partici-
pants. 

At the end of the workshop, the 65no participating communities, developed bussines plans for construction and manage-
ment of  designed ECOSAN toielts in their respective communities. 
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Which methods were used?
65no communities with poor sanitation coverage developed bussiness plans for the construction and management of 
ECOSAN toilets. A typical bussines plan included the following information:
• Demographic information on small town
• Sanitation profile and status
• Factors supporting the adoption of ECOSAN toilet in the small town
• Estimated capital cost of constructing an ECOSAN toilet in the small town including the sub structure, slab, super 
structure
• Proposed sources of financing (cash) (Cooperative, Bank, Contributions, Levies, Local Government etc)
• Estimated depreciation costs
• Estimated Operation and maintenance costs:
• Estimated number of users per day
• Proposed tariffs
• Estimated revenues-(Tariff x No of Users)
• Estimated profits/Loss-  Revenue minus Operation and Maintenance costs minus Depreciation costs over the years 
2017- 2036

Which methods were used?
A Training manual developed from materials provided by the Centre for Affordable Water and Sanitation Technology 
(CAWST) www.cawst.org  was used to organise the training which features Hands on Training, Interactive sessions, 
Demonstrations, Group discussions, exercises, videos, and Case studies

Results
a. Sixty-five communities developed business plans for the financing, construction, and management of the ECOSAN 
toilets within their communities.
b. The Business plans shows that communities can use various locally available materials, and innovative designs to 
construct ECOSAN toilets with less than $10,000 for two compartments.
c. Sixty-five communities are raising funds through several sources including Cooperative, Bank, Contributions, Levies, 
Local Government etc) for the Commuity managed ECOSAN toilets that are presently at various stages of completion

Lessons learnt
a. Many end users in rural and small towns community are totally ignorant of ECOSAN toilets, its feasibility and via-
bility.
b. Stakeholders in water scarece and rocky commmunities will readily embrace ECOSAN latrines if well educated and 
enlighteend on its design, construction, and mainteance.
c. Communities in water scarece areas could be mobilised to construct and manage community managed ECOSAN 
toilets.
d. There is a need to build the capacity of service providers and end users on low cost options for construction  and 
management of ECOSAN toilets.
e. Shit management is profitable. Bussiness models showing the profitability of ECOSAN toilets would spur community 
action for sustainble sanitation.

Keywords: Nigeria, ECOSAN toilets, business models 

THE IMAGE OF PERI-URBAN SANITATION AND HEALTH THROUGH THE EYES OF THE YOUNG: 
UNDERSTANDING COMMUNITY SANITATION AND HEALTH IN LUSAKA, ZAMBIA

Nyambe Sikopo, Hokkaido University*; Zulu Joseph, University of Zambia;
Hayashi Koji, Research Institute for Humanity and Nature;

Yamauchi Taro, Hokkaido University

Background: In Lusaka, Zambia, approximately 70% of residents live in peri-urban communities, or informal settle-
ments. This is a similar trend in Africa, where approximately 50% of the urban population live in peri-urban communi-
ties, increasing the challenge of clean water and sanitation facility access. According to the United Nations Children’s 
Emergency Fund, 36% and 50% of the Zambian population lack access to clean water and sanitation facilities respec-
tively. 

Focusing on co-creation and community engagement as a means towards tackling peri-urban sanitation and health, our 
study embarked on incorporating Lusaka’s children and youth as change makers in their communities. We incorporated 
them to (a) analyse the process of incorporating this demographic in community development towards sanitation and 
health; and (b) understand the current community sanitation situation from their perspective. Over 60% of the Zambi-
an population is under 25 years of age, with the majority excluded from decision making and action on sanitation and 
health.

Method: The study in process is being conducted as a participatory action research in 2 peri-urban communities in 
Lusaka, Zambia. To analyse the process of their incorporation, we developed a club called ‘Dziko Langa’ meaning ‘My 
Community’. We partnered with 2 youth centres and 1 school in each community, recruiting children and youth on a 
purely voluntary basis. Youth are aged 18-24 years of age; whilst children were recruited from the 4th grade (average 
10-13 years). 

Lessons and training were given to children and youth on sanitation, health, civic participation and research. 69 youth 
answered questionnaires on sanitation, giving insight into matters of water, toilet, waste disposal, hygiene and their role 
in household and community sanitation. The photovoice technique was used to capture the community sanitation situa-
tion through the eyes of the participants by answering the question, ‘What are the sanitation challenges and strengths in 
your home and community?’ Participants then explained each photograph.

Results: Results from photovoice indicated a level of awareness from participants on matters of sanitation and health. 
Most highlighted were concerns on toilet and waste, with several pictures focusing on toilet cleanliness, structure and 
hygiene, and poor open waste disposal practices respectively. The voice behind waste disposal in several cases, called 
on governmental rather than community action. This linked to the finding that whilst all 69 youth indicated taking part 
in sanitation practices within their homes, only 25% stated taking part in sanitation activities for the community. Gen-
erally, most participants practiced good hygiene, e.g., daily cleaning of the toilet and handwashing. However, sanitation 
facilities were generally poor from the imagery. 

Conclusion: Matching imagery to questionnaire findings and discussion, three (3) main lessons can be derived: (1) 
Responsibility has an impact on the level of action and participation; (2) we need to consider hygiene in link with the 
sanitation facility and sociocultural aspects; and (3) we need to give higher consideration to child and youth engagement 
for improved sanitation, particularly due to the large role they play at household level. 

Keywords: Sanitation, community participation, children and youth, photovoice
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SUSTAINING SANITATION MOVEMENTS GENERATING LIVELIHOODS
FOR LOW INCOME HOUSEHOLDS

Mr. Min Prasad Basnet * District WASH Adviser, Rural Water Supply and Sanitation Project in Western Nepal

The Rural Water Supply and Sanitation Project in Western Nepal Phase II (RWSSP-WN II) supported by the govern-
ments of Nepal and Finland, and operating under the Ministry for Federal Affairs and Local Development, and the 
Department for Local Infrastructure Development and Agricultural Roads (DoLIDAR) has supported the sanitation 
movement of Nepal since the last 30 years.

After the promulgation of the Sanitation and Hygiene Master Plan (SHMP) in 2011, the open defecation free (ODF) 
movement started in Nepal.  Due to the very nature of the ODF movement, 100 percent coverage, including public 
places such as bus stops and religious temples is required. On one hand, the movement has highly accelerated but on 
the other hand the issue of sustainability and operation and management of public toilets has become a major issues not 
only for Syangja district but in many other places of Nepal as well. Poor public and community toilet services are one 
of the greatest hurdle for sustaining ODF movement in Nepal.  

Syangja district declared ODF in 2016, and has developed a post-ODF Strategy (2016-2020) to ensure that the ODF 
status can be maintained and that the communities move gradually towards total sanitation.  Along the Siddhartha high-
way that runs from Butwal to Pokhara through the district there are in total 25 public toilets by the road. However, most 
of the them are not in a usable condition because of poor management system. These unmanaged toilets are threatening 
the sustainability of post-ODF movement and causing a lot of trouble to the travelers.  It has not been easy to find a 
care-taker for most of the public toilets due to cultural aspects: people tend to think that toilet care-taker is one of the 
worst jobs. This paper highlights a positive case - one of the Syangja public toilets, which successfully linked liveli-
hoods to sustainable sanitation.

Haripala public toilet was constructed with the financial and technical support of RWSSP WN-II in Putalibazar Mu-
nicipality, where about 100 vehicles pass every day. Community living nearby the Haripala made a plan to operate and 
maintain the toilet by providing a business opportunity to a low-income family. The community decided to help Sarita 
Thapa, aged 36, a mother of two children. She had been expelled from her community after blames for being a witch 
and a prostitute.   The Haripala community decided to build a small shed for teashop attached with the toilet and give the 
responsibility of both the toilet maintenance and the tea shop to Ms. Thapa. This has changed her life, as she now earns 
3000 to 7000 Nepali Rupees daily running the shop. Travelers are happy to see the clean and properly maintained toilet 
while resting in the tea shop.  Now, her children are going to school and she is building a house nearby. The voluntary 
donation received from travelers for using the toilet has been used to purchase cleaning agents for the toilet. This is a 
positive example of generating opportunities for low income people and maintaining sustainable public sanitation. 

Keywords: Livelihoods, Sustainability, Sanitation, Operation and maintenance

COMPREHENSIVE APPROACH FOR IMPROVEMENT OF LIVING ENVIRONMENT
IN URBAN SLUM OF INDONESIA  – ANALYSIS ON URBAN METABOLISM AND ITS HARMONIZA-

TION WITH PEOPLE’S VALUE SYSTEM

Ken USHIJIMA*, Northern Regional Building Research Institute, Hokkaido Research Organization
Widyarani, Research Unit for Clean Technology, Indonesian Institute of Science

Dewi NILAWATI, Research Unit for Clean Technology, Indonesian Institute of Science
Diana Rahayuning WULAN, Research Unit for Clean Technology, Indonesian Institute of Science

Jovita Tri Astuti, Research Unit for Clean Technology, Indonesian Institute of Science
Neni SINTAWARDANI, Research Unit for Clean Technology, Indonesian Institute of Science

Mayu IKEMI, Graduate School of Economics and Business, Hokkaido University
Naoyuki FUNAMIZU, Graduate School of Engineering, Hokkaido University

1. Background and aims of this study
This study aimed to propose comprehensive tactics for improvement of living environment in urban slum. One of 
critical cause of problem is mismatching between social system, regulation, and technology, those were provided by 
administrative, and people’s value evaluation or priority. This study conducted (1) analysis on urban slum’s metabolism 
in terms of materials and value, and (2) analysis on the system of people’s value judgment and decision making. Study 
site was one local community in Kiaracondong district, where is known as big slum area in Bandung City, Indonesia.

2. Urban metabolism of slum area
This study visualized urban metabolism, by describing material flow and value flow, on the basis of field interview, field 
observation, and literature survey. According to this picture, a) dominant material and value flow passes local big bazaar 
(pasar Kiaracondong), b) solid wastes collection and transportation system, which is partially managed by community, 
is well working, c) there are many small shops and stalls, and their contribution to urban metabolism are considerable, 
d) most of wastewater are directly discharged to channels and river.

3. Decision making of slum dwellers
Decision making model is analyzed based on questionnaire survey for 240 residents in urban slum. According to this 
model, expected effective factors to decision of “installing waste water treatment system” are “influence from relatives”, 
“income level”, and “self-evaluation of devoutness”. More than half respondents expressed willingness to pay extra 
money for health-food (makanan sehat). Expected effective factors to decision of “purchasing health-food” are “condi-
tion of domestic economy”, and “influence of religious leader”. 

4. Comprehensive tactics for improvement of living environment in urban slum
According to the results of urban metabolism analysis, waste water management seems to be key problem in this area. 
As one of countermeasure, using composting toilet and treating human excreta onsite, seems reasonable. Treated human 
excreta can be collected and transported via existing solid waste management system. This system can contribute to 
increase of employment chance, and rehabilitation of water environment. Furthermore, if that compost could be used in 
health-food production, such as organic agriculture, it creates big value not only for consumer but also for toilet users. 
As people’s behaviors are affected by religious sense, above mentioned system should be authorized by religious leaders.

Keywords: urban slum, urban metabolism, decision making, value flow analysis
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SOCIAL AND CULTURAL ASPECTS OF SUSTAINABLE SANITATION 

Namaste Lal Bhoomi Shrestha, Nepal

Nepal has gone through many social challenges such as Open Defecation, Girl Trafficking, Dowry System, Child Labor, 
Drug Abuse, Untouchability etc. Among all, Open Defecation/Sanitation was one of the worst due to social and cultural 
acceptance which became a custom. There is one saying in Nepali “Goo aayo, Gau aayo” which literally means “when 
there’s poo, there’s a village”! However, time has changed and community people are understanding the importance of 
toilet and socially and culturally accepting toilet for dignity, health, nutrition, education, tourism, social and environ-
mental development. The Sanitation Social Movement concept was initially developed based on Sanitation and Hygiene 
Master Plan (SHMP) focusing on result oriented process with sustainability such as WASH-CCs (Coordination Com-
mittees), Software/Hardware/Mind-ware/Org.-ware Triggering Tools/Techniques at all levels, Local Bodies//School 
Leadership, Community Ownership, Local Resource Mobilization, Social Norms, Reward/Recognition, No Subsidy 
Mechanism, Multi-stakeholder Approach, Systematic Capacity Building, Different Toilet Options, Universal Coverage 
with joint efforts.  Thus, sanitation coverage raised from 6% in 1990 to 96% in 2017. Key factors that helped to speed 
up the progress was Sanitation Social Revolution concept through joint Social Norms and Basic Behavior Build up 
mechanism with Positive thought, search and action. 

Nepal is a small but very diverse country because of geographical and social/cultural taboos. Moreover, earthquake, 
flood, border areas strike and instabilities of government further created additional problems to gear up sustainable san-
itation movement. Nevertheless, Nepal has tried its best following “Where there is will, there is way” as opportunities 
to tackle those above barriers for the betterment of children, women and people as per set 100% Open Defection Free 
(ODF) goal by 2017.

The ODF sustainability study 2016 has clearly showed social aspect is the highest contributor (94%) towards ODF 
sustainability among all other aspects. Overall, the indicators of sustainability presented the situation of the surveyed 
seven districts is satisfactory and towards sustainability. Other dimension, especially the institutional aspect was found 
low. Hence, it is imperative to focus on the institutional aspect for ODF sustainability with innovations in institutional 
arrangement, cross-sector collaboration and community empowerment. Nepal has realized social pressure plays an 
important role to support a collective change. Everyone talks about human rights but very less focuses on duties. Thus, 
from the sanitation and hygiene perspective for the betterment of individual and societies, both rights and duties should 
come along. “Learning by doing” perception has taught us that social and cultural aspects are very critical for initiation 
and sustainable sanitation especially for South Asian countries. So, “Sanitation for all, all for Sanitation” concept is 
social aspect, where we all need to focus intensively as a primary step for development standpoint. Finally, Nepal has 
initiated Social and Cultural Aspects of Sustainable Sanitation to meet Sustainable Development Goal (SDG) focusing 
“Total Sanitation” concept by 2030.

Keywords: Sanitation Social Revolution
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THERMOPHILIC COMPOSTING AS A SANITATION ALTERNATIVE IN NICARAGUA

Joseph Jenkins
Joseph Jenkins, Inc. USA

When employing thermophilic composting as a sanitation alternative, the toilet exists only as a collection receptacle for 
organic material. Therein urine, faecal material, other bodily excretions such as vomit and menstrual discharges, and 
toilet paper, are collected with a carbon-based organic material such as sawdust, rice hulls, sugar cane bagasse, etc. The 
carbon-based “cover material” prevents odours, blocks flies, and inhibits vermin, as well as provides a carbon/nitrogen 
balance suitable for composting. Collected “toilet material” is then composted in a separate, outdoor, containerized, 
passively-aerated, static pile bin system. These compost bins, which do not require turning, can also collect and process 
scrap food materials, animal mortalities, yard and garden residues, and discarded agricultural by-products.

Such sanitation systems were set up in Nicaragua beginning in May of 2015 by GiveLove.org, a U.S. NGO. The initial 
project was at a school in Villa Japon populated with 300 students. The school had a pit latrine system beforehand. The 
pits, located adjacent to the schools drinking water well, were closed and replaced with compost toilets and compost 
bins. The program was organized and managed by a local woman’s cooperative, Sweet Progress, a Nicaraguan non-prof-
it organization, whose “Eco-Girls” set up “Eco-Banos” throughout the community.

Much of the surrounding community in Tipitapa, Nicaragua, practiced open defecation due to the lack of sanitation 
systems, the high cost of pit latrine construction, and the lack of water. Sweet Progress’ community training program for 
compost-based sanitation constructed dry toilets, trained community members how to use them, built compost bins, and 
integrated such systems into households, 50 at a time, at 1/10 the cost of pit latrines. This program is ongoing as of 2018.

The new compost-based sanitation systems allow users to locate their toilets indoors where they are more comfortable 
and secure. They are also self-managed, using rice hulls provided by Sweet Progress as the cover material. As a result, 
despite a 70% rate of open defecation before the GiveLove.org project started, the households employing compost san-
itation now have zero open defecation. The resulting compost is being used to grow food.

Keywords: humanure, Nicaragua, thermophilic composting, compost toilet, ecological sanitation

Author Bio: Joseph Jenkins is perhaps best known for authoring the 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 and teaching activities have taken him 
nationwide in the USA and Canada, as well as to Europe, Africa, Asia and the Caribbean. Since 2006, he has worked 
in Mongolia, Mozambique, Nicaragua, and Haiti teaching “composting as a sanitation alternative.” He has been a 
compost practitioner since 1975 and has grown food with compost made from toilet material for 40 years. Jenkins re-
ceived the U.S. Composting Council 2014 H. Clark Gregory Award, which acknowledges hard work and dedication as 
an educator and leader in organics recycling, regionally, nationally, and internationally. He can be reached at Huma-
nureHandbook.com, where videos, instructions, and the complete Humanure Handbook can be accessed free of charge.

IMPLEMENTED PRACTICES OF ECOLOGICAL SANITATION - FOOD SECURITY –
SOCIAL AND CULTURAL ASPECTS OF SUSTAINABLE SANITATION (BURKINA FASO)

Edith GODFROY

The implementation of the project by CD90/Belfort is co-financed by the Ministry of Europe and Foreign Affairs and 
Water Supply Agency :

Why ? To sanitize – To secure food security – To propose a funding model of dry toilets adapted to families who live 
below the poverty line, to restore deteriorated soils.
How ? by building  dry toilets and training  households in using sanitation and  ecological agriculture – (use of treated 
urine and feaces), management of soil fertility.
So what ? 1, 090 dry toilets, 13, 000 adults & children in food security. 

Goals : 1/  To sanitize 2/  To ensure food security (using urine and feaces in agriculture) and to improve  the quality of 
the soils 3/ To propose dry toilets by micro-credit projects without the risk  overindebtedness.  4/  To involve private and 
public skateholders in financing  dry sanitation through micro-credits.
Performance : Building dry sanitation with a specific process set out below : Raise awareness and provide training to 
use excreta and urine in agriculture, building dry toilets, training  households in using dry toilets, training ”sanitation 
trainers” and ” by-products-use trainers”, with the aim of restoring higher level of soil productivity and putting all house-
holds in food security 
Micro-credit project : people who want to build  dry toilets, can reimburse the loan after three years of selling urine and 
feaces.
Method : SARAR/PHAST for awareness. Training : field schools for cereals and vegetables  to teach how to use excreta 
(ecological farming), field schools  to learn about  soil fertility management, ”sanitation facilitators” to evaluate how dry 
toilets are used, by-products facilitators to control that every household is in food security.
Results :  3 municipalities - Burkina Faso :
Sanitization : 10,902 dry toilets – 800 for family latrines, 250 with micro-credit, 40 public latrines.
Training : using family and public latrines =>  25,000 adults, children and pupils – using excreta in agriculture => 6,500 
people including 1,800 pupils.
Food security: 1050 households and 13, 000 adults / children.
Lessons learned:  1/ Families and public dry toilets are adapted to rural areas in Burkina Faso 2/ Because of higher 
yields, fields schools “using urine and faeces” break down cultural and religion barriers on the of use of dry toilets or 
excreta in agriculture 3/The success rate of the use of latrines and their adequate maintenance is explained by the interest 
in use of by-products. 4/ One dry toilet produces enough excreta a to till tracts of land providing food security for all the 
users of these dry toilets 5/ The economic model of “micro-credit sanitation” is an answer to the issue of giving rural 
population access to security food and sanitation.   

Keywords: Food security – social, cultural aspects

46 | DRY TOILET 2018 DRY TOILET 2018 | 47 



SESSION 5SESSION 5

COMMUNITY COMPOSTING TOILET SYSTEM USING IAPMO WEŸSTAND

Ole Ersson*, Kailash EcoVillage; Kimberly King, Out Think the Box, USA

Since March 2014, a sustainably focused community located on a 1.75-acre (0.7 hectare) site in Inner SE Portland, Or-
egon, USA, has been using a urine diverting human excreta (humanure) dry-composting toilet system. This system uses 
neither water nor sewage infrastructure and can therefore serve for emergency sanitation in case the normal municipal 
systems are not functioning. The system recovers an otherwise wasted nutrient flow, and safely produces a valuable 
compost/humus soil amendment and fertilizer product for the propagation of ornamental as well as edible, food plants. 
Since implementing this system, no external fertilizer inputs have been required in the gardens.

This composting toilet system is comprised of two components: a urine collection and storage depot and commodes for 
collection of humanure and a separate compost processor constructed according to the newly defined Water Efficiency 
and Sanitation Standard (WEŸStand) set forth by the International Association of Plumbing and Mechanical Officials 
Water Efficiency and Sanitation Standard (IAPMO). Users collect their urine in bottles in the privacy of their living 
spaces. The composting processor is comprised of multiple 2.5 cubic yard (1.8 cubic meter) bins constructed of durable, 
dry stack, concrete blocks with vermin-proof, insect-proof barriers. Each bin has a sloped concrete under-pad to collect 
and recycle leachate for return to the compost bins; adequate ventilation; and sturdy, rain-impenetrable coverings. 

For three months, temperatures in two bins were monitored daily in the compost processing area. High, sustained path-
ogen killing temperatures were rapidly achieved after adding every batch of compostables; up to 160° F (71.1° C) in the 
center of the bin, up to 130° F (54.4° C) within the 4” perimeter, and up to 98 °F  (36.7° C) on the perimeter.

The Micrology Labs Coliscan E. coli and Total Bacteria Test was used for pathogen testing of compost samples to 
demonstrate pathogen elimination for all compost produced. Pathogen testing data was logged for each completed 
compost bin before emptying the first nine bins. The only instances fecal coliforms were detected were in mid-August 
2015, when 2100 cfu/g of fecal coliforms were detected, and in mid-January 2017, when 20cfu/g of fecal coliforms were 
detected.  This was likely due to the bin being left open for a period of several months during harvesting of the finished 
compost. Mice excavation was noted prior to testing, so the presence of murine fecal material was likely the culprit of 
the presence of fecal coliforms. 

All in all, initial data spanning more than three years of performance clearly demonstrates that high temperatures were 
reliably achieved in a batch composting processor, with subsequent pathogen elimination to acceptable levels prior to 
distribution to the local garden environment.

Keywords: Humanure, compost toilet system, dry toilet, urine diversion, WE-Stand

WATER AND SANITATION SAFETY PLANNING(WSSP) IN RURAL AREAS OF EASTERN EUROPE

Bistra Mihaylova, Women Engage for a Common Future, Germany
Claudia Wendland, Women Engage for a Common Future, Germany

Monica Isacu, Aquademica, Romania
Mihaela Vasilescu, Bucharest University, Romania

Natasa Dokovska, JHR, Macedonia

Background
Water Safety Plan (WSP) is a concept of preventive operational management raising barriers against water contamina-
tion along the supply chain from water source to the consumer, developed by the World Health Organization (WHO) in 
cooperation with the International Water Association (IWA), (WHO, 2011), (WHO, IWA, 2009). The multiple barrier 
approach aims to establish risk control measures for all processes in the water supply system: resource protection, water 
abstraction, water treatment, storage and distribution, water plumbing inside buildings. WSP is a requirement of the Eu-
ropean Union Directive 2015/1787/EU amending Annexes II and III to Council Directive 98/83/EC for water intended 
for human consumption.

WSSP compendium
Based on its own experience working with local organizations from Eastern Europe and the Caucasus, WECF developed 
the WSP approach further for small municipalities which often lack capacity and professional know how to manage wa-
ter and sanitation safely. The WSSP Compendium (Samwel & Wendland, 2016) explains in a step wise approach how to 
identify the main sources of pollution, assess the risks, gives ideas for change and to take action to improve the situation.
The WSSP Compendium is divided into three parts:
Part A - How to accomplish a Water and Sanitation Safety Plan (WSSP)
Part B - Background information for developing WSSP 
Part C -  How to involve schools 
The WSSP compendium combines WSP and SSP and helps users to evaluate, identify risks, and minimize potential 
hazards of small-scale systems such as wells, public drinking water supply points, and schoolyard sanitary facilities. It 
contains 3 parts

Results
Results using the WSSP compendium in Romania and FYR Macedonia 
In Romania and Macedonia, the WSSP Compendium was tested as part of a 6-month project.
The WSSP Compendium is an instrument that provides the methodology to raise awareness of water pollution, unsafe 
sanitation and the impact on health at various levels. It strengthens local people’s and stakeholders’ ability to take own 
action, as in citizen science. 
Water quality was assessed in detail by monitoring the nitrate content of groundwater using simple test methods to re-
cord seasonal variations. The total coliforms and Escherichia coli contamination tests were carried out with the support 
of certified laboratories. Potential contamination sources of drinking and groundwater and health hazards were identified 
and assessed.
Experts and authorities were involved as key stakeholders in identifying risks in public drinking water systems as well as 
in sanitary and sewage systems. Furthermore, the testing promoted dialogue between the public and the decision-mak-
ers to improve the situation and support the necessary implementation of an adequate water protection policy at local, 
regional, national and international levels.
Planned activities will improve water / groundwater protection, enhance local sanitary conditions and minimize health 
risks, e.g. fencing sanitary protection zones or improving management of school toilets. The dialogue between the public 
and the decision-makers was promoted to improve the situation and support the necessary implementation of an ade-
quate water protection policy at local, regional, national and international level.
In Romania the WSSP Compendium will help policy makers develop a national guideline for risk management in small 
drinking water supplies. This is required for implementation of the Annex of the EU Drinking Water Directive. 
In addition, education authorities in both Macedonia and Romania have included the methodology of the WSSP Com-
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pendium in teacher training materials.

Keywords: water safety plan, sanitation safety plan, rural area
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COMMUNITY BASED DATA ON SANITATION AND MHM AT HOME,
WORK AND SCHOOL WORLDWIDE

Claudia Wendland*, WECF, Germany 
Aijamal Bakashova, ALGA, Kyrgyzstan

Anke Stock, WECF, Germany
Aleksandra Jelic, WECF, Germany 

Elke Wolf, Munich University of Applied Science, Germany 

Within the agenda2030, the new sanitation target 6.2 covers sanitation and hygiene for all including work, school, 
kindergartens and health care facilities. These targets need to be monitored and the UN is calling not only for national 
statistics data but also for community based data which can be collected by non-state actors. These data do challenge the 
official national government data as they might provide a different picture of the gender and WASH situation.

In the frame of the EU funded Women2030 framework project, WECF and local partners are monitoring gender related 
indicators in a number of countries. The indicators are based on the people´s perception and also related to SDG6, the 
questions are being asked see the Annex.

First survey was done in Kyrgyzstan interviewing 740 people. The data will be disaggregated according to men/women, 
rural/peri-urban/urban, age groups. First results show that the sanitation conditions at work and school are worse than at 
home, more than half of the interviewees say that they have bad conditions at home/at school. This is especially the case 
for girls and women who report about MHM. 

The following surveys will be carried out in Burkina Faso, Nigeria, Macedonia, Albania and Romania. The results will 
be presented on a mobil phone application and the webpage and the monitoring results can be compared over time. 
These transparent data on the population´s perception on key aspects of the Agenda2030 will provide additional data for 
governments to better address the implementation of the SDGs.

All results from Burkina Faso, Nigeria, Macedonia, Albania and Romania will be presented in detail.

Annex:

Basic questions on SDG6 of the survey:

Judge your living conditions in terms of water 
__ (1 = very good, 2 = good, 3 = bad, 4 = very bad)

Judge your living conditions in terms of sanitation 
__ (1 = very good, 2 = good, 3 = bad, 4 = very bad)

TO WOMEN: Do you have decent sanitation and hygiene conditions and were you able to wash and change in privacy 
during your last menstrual period ?  
At home   yes  0  no  0  don´t know  0
At work   yes  0  no  0  don´t know  0

Do you have a daughter or personally know a girl in your family or neighbourhood in age of puberty (between 10 and 
18 years old) who goes to school?
yes  0  no  0
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If yes: does your daughter or this girl have decent sanitation and hygiene conditions at school and is she able to wash 
and change in privacy in school during her last menstrual period?
In school   yes  0  no  0  don´t know  0

TO MEN: Do you have decent sanitation and hygiene conditions?
At home   yes  0  no  0  don´t know  0
At school/at work  yes  0  no  0  don´t know  0

Keywords: MHM, SDG, community data

IMPACT OF ANTHROPOGENIC SOLID WASTES APPLICATION ON YIELD
AND QUALITY OF FIELD BEAN 

Pushpa, H. M.,1* Subbarayappa, C. T.,2 Srinivasamurthy, C.A.,3 Ramakrishna parama, V. R.,4
Venkate Gowda, J.,5 and Uzra Sultana.,6

1Ph.D Scholar, Department of SS& AC, GKVK, Bangalore, India, Corresponding author
2 Professor, Department of SS& AC, GKVK, Bangalore, India

3 Director of Research, CAU, Imphal, India
4 Professor, Department of SS& AC, GKVK, Bangalore, India

5 Research Associate, Department of SS& AC, GKVK, Bangalore, India
6 Manager, Arghyam, Urban WATSAN Programme, Bangalore, India

A field experiment was conducted in farmer’s field near Bengaluru during 2014-15 to study the residual effect of an-
thropogenic solid wastes (humanure, pit toilet sludge and sewage sludge) application on yield and quality of field bean. 
In the experiment, three fecal sludges as nutrient sources along with three levels of fertilizers (75, 100 and 150 percent 
of recommended dose of fertilizers) were compared with FYM alone, recommended dose of fertilizer alone  and rec-
ommended dose of fertilizer along with FYM with thirteen treatments, replicated thrice in RCBD design. The results 
revealed that significantly higher seed yield (2.32 tonnes per ha) and haulm yield (3.41 tonnes per ha) of field bean were 
recorded in treatment T6 which received 150 % P through pit toilet sludge + balance N and K through fertilizers to sup-
ply 150 % N and K. The treatment T10 (Recommended dose of NPK + FYM) recorded lower (2.22 and 3.26 tonnes per 
ha-1) seed yield and haulm yield of field bean than T9 (2.28 and 3.36 tonnes per ha) which received 150 % P through 
sewage sludge + balance N and K through fertilizers to supply 150 % N & K and T3 (2.29 and 3.36 tonnes per ha) 
which received 150 % K through humanure + balance N and P through fertilizers to supply 150 % N & P respectively. 
Similarly, the quality parameters viz crude protein, ash, crude fat, crude fibre content of field bean recorded was higher 
(17.41, 2.69, 2.12 and 27.30 g 100-1 g) in T6 followed by T9 (17.35, 2.69, 2.11 and 27.19 g 100-1 g) and T3 (17.31, 2.68, 
2.11 and 27.14 g 100-1 g) respectively.. The above quality parameters recorded were lower (5.15, 2.26, 1.15 and 14.79 
g 100-1 g) in control (T13) plot. The higher (76.65 g 100-1 g) carbohydrate content in field bean seed was recorded in 
control plot whereas lower (50.48 g 100-1 g) carbohydrate content was recorded in T6 treatment.

Keywords: Humanure, Pit toilet sludge, Sewage sludge, Field bean 
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Research on the safe use of excrete and/or urine
Thursday 23.8.
13:15 - 15:30

Wilhelm, Lielahti Manor

Time Speaker Title
13:15 Benjamin C. Wilde,

Switzerland
Nitrified Urine Fertilizer Field Trial: An Ecological As-
sessment of NUF on Maize Growth in South Africa

13:30 S.Vishwanath,
India

The reuse of untreated waste-water and faecal 
sludge in a small town – the nudge approach

13:45 Fedde Jorritsma,
Netherlands

Producing heat and compost from humanure with 
Biomeilers

14:00 Tuula Tuhkanen,
Finland

Sustainability aspects of urine diverting dry toilets

14:15 Raude J.M,
Kenya

Faecal Sludge Briquettes:
Turning Human Waste Into Energy

14:30 Eeva-Liisa Viskari,
Finland

Fertilizer potential of human urine in barley cultiva-
tion

14:45-
15:30

Discussion
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NITRIFIED URINE FERTILIZER FIELD TRIAL: AN ECOLOGICAL ASSESSMENT OF NUF ON
MAIZE GROWTH IN SOUTH AFRICA

Benjamin C. Wilde
Sustainable Agro-Ecosystems Group, ETH Zurich

Rapidly growing peri-urban settlements in and around cities such as Pietermaritzburg, South Africa currently face sever-
al major developmental crises, two of which are the inadequate provision of basic sanitation and chronic food insecurity. 
Although traditionally viewed as distinct matters to be solved with disparate solutions, there is a growing awareness that 
technologies designed to close the nutrient cycle offer a means to simultaneously improve both issues. These changing 
perspectives have been shaped primarily by the dire need to identify alternative sources of nitrogen (N) and phosphorus 
(P), and the advancement of safe and efficient sanitation technologies. This research is testing the potential of one such 
technology developed at the Swiss Federal Institute of Aquatic Science and Technology (EAWAG) to use N and P rich 
urine as a sustainable source of natural fertilizer to close the agricultural nutrient cycle loop. The biophysical portion of 
this research is a maize field trial. It adopts a randomized block design with six treatments (unfertilized control, nitrified 
urine, nitrified urine + DAP, DAP, urea, urea + DAP). The chemical alternatives to the urine treatments were chosen 
due to their prevalence in input subsidy programs currently being implemented in various countries across Sub-Saharan 
Africa. Hence, our goal is to test whether nitrified urine can achieve the same agronomic performance as industrially 
produced fertilizers and show that investments in sanitation can not only reduce public health costs but also improve 
food security. The following biophysical characteristics are being assessed: total N in soil and plant matter, mineral 
N (ammonium (NH4+) and nitrate (NO3−) in the soil and soil water, N2O production, total and available P in soil and 
plant matter, soil salinity, and crop yield and N and P use efficiency of  the crop. N2O emissions will be assessed via the 
closed chamber method. Initial results indicate that nitrified human urine has a similar biophysical impact as chemical 
alternatives and could be a viable method to improve soil fertility in Sub-Saharan Africa.

Keywords: Food security, nutrient cycle, urine

THE REUSE OF UNTREATED WASTE-WATER AND FAECAL SLUDGE IN A SMALL TOWN –
THE NUDGE APPROACH

S.Vishwanath
Advisor and Trustee, Biome Environment Trust, India

The town of Vijaypura (population 34,866 as per census of India 2011) is located in the Bangalore (rural) District of the 
state of Karnataka, India. It has around 9500 households of which 9239 have toilets and 261 do not have a toilet facility. 
The town has an underground sewerage system covering around 6800 households though the pipes lead out into a drain 
without a Sewage Treatment Plant in place. Around 3500 households have on site toilet facility with usually a single pit 
as a receptacle. One municipality owned ‘Honeysucker’ or vacuum sucking truck operates to empty the pits when full. 

The sewage lines open up into two major drains on the periphery of the town. Farmers around the town have been de-
pendent on groundwater for their agricultural needs. With rapidly depleting groundwater tables, reaching 400 metres 
and more, and many drying bore-wells access to water has become difficult for many farmers. Those farmers next to the 
drains which carry untreated waste-water have resorted to using this for cultivation of crops. In fact, there is a sharing 
of these untreated waste-waters by an informal cooperative of farmers. 

Faecal sludge from the pits emptied by the ‘Honeysuckers’ are also used by farmers as compost manure with the waters 
coming along as an added bonus. 

It is unlikely that the town will get access to a sewage treatment plant or a faecal sludge treatment plant in the near future 
due primarily to land acquisition issues and resistance from farmers having a STP near their fields or homes. 
By using the Sanitation Safety Plan as developed by WHO and in dialogue with the farmers using both untreated waste-
water and faecal sludge, it has become possible to shift the farmers from cultivating food crops to growing mulberry 
which is used in silk worm rearing and being non edible and therefore not part of the food chain. Since groundwater 
tables are at 400 metres or below, groundwater contamination is also avoided. 

Farming practices of good furrow irrigation ensuring non contact of farm workers with faecal sludge or wastewater, 
holding wastewater in shallow pits and filtering it before applying it on land , washing of hands and feet after work , 
wearing footwear while working on soil , washing hands and feet before stepping into the house and before eating has 
resulted in no major health issues being reported by the farming community. 

The entire waste-water generated by the town as well as the faecal sludge is absorbed in approximately 50 Hectares of 
cultivation. The farm use is at a distance of more than a kilometer from the battery of borewells which provide drinking 
water to the town ensuring water safety.

The case study of Vijaypura shows that in semi-arid parts of India, where the groundwater table is low and agricultural 
fields close by, both the wastewater from the town and faecal sludge can be absorbed in farming activity without any 
major negative externality. The biggest and best nudge is to alert farmers to good hygiene practices and move them away 
to non-edible crops which have a good market. 

Keywords: Sanitation Safety Plan, faecal sludge, wastewater reuse, closing the loop
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PRODUCING HEAT AND COMPOST FROM HUMANURE WITH BIOMEILERS

Fedde Jorritsma*, Daan Schone, Liesbeth Stoker

A Biomeiler is a heap of composting woodchips from which heat can be extracted by a heat-echanger, started by Jean-
pean in 1960. In recent years, the German organization Native Power and the Dutch foundation Biomeiler.nl have 
gained more experience with the Biomeilers. LocalWise is a starting organization in ecological sanitation and has been 
experimenting with compost/fermintatinon toilets at festivals in the last 3 years. In 2016 the first Biomeiler has been 
built to processes the production from festivals collected in barrels into heat and compost. Temperature sensors where 
throughout the  35m3woodchips mixed with ca. 9 m3 urine, feces, toiletpaper, sawdust and straw.

Although not all temperature measurements were successful, we observed temperatures between 80 and 90 degrees. 
After 4 weeks the temperature became more steady at 60 degrees for about 14 months. Based on measurements and 
experiences elsewhere, an energy yield of 1.2 to 1.8 kW continue can be  expected. Energy yields from large Biomeilers 
(>80 m3) have resulted in energy yield between 4 to 8 KW according to data from the Biomeiler Foundation and the 
German company Power-Native.

After 6 months the compost was analyzed. Technically the compost meets the requirements of compost including Sal-
monella and E.coli bacteria. However, other fecal the bacteria like Clostridium perfringens and Staphylococci gave too 
high values, 4,6 log4 and 2,7 log6 respectively. Ninety common medicine residues were measure but not found above 
the value 0,5 mg/kg. Parasites were not measure.  In March 2018 new measurements will be taken.

Based on the results of this experiment and literature, we can conclude that the Biomeiler with humanure has a lot of po-
tential to produce energy, compost and sanitize human excreta however this low-budget and relatively simple technique 
needs more research for upscaling.

1. Biomeilers
2. Processing festival urine and feces
3. Energy production
4. Compost production
5. Profitable ecological sanitation

SUSTAINABILITY ASPECTS OF URINE DIVERTING DRY TOILETS

Tuula Tuhkanen*a and Elijah Ngumbaa,b
aUniversity of Jyvaskyla, Department of Biological and Environmental Science, Finland 

bJomo Kenyatta University of Agriculture and Technology, Department of Chemistry, Kenya

The uptake of urine diverting dry toilets (UDDTs) has increased globally as feasible and viable options for decentral-
ized sanitation. This is primarily due to the associated benefits including odor reduction, nutrient recovery, reduction of 
pollution and simpler excreta management process. There have been tremendous developments in the available UDDTs 
user interfaces that have made UDDTs more attractive to many users. However, challenges in ensuring that smooth flow 
in the entire sanitation chain exists. The excreta collection, treatment, reuse and disposal need to be thoroughly consid-
ered to achieve an effective UDDT sanitation system.

This study focused on the operation, maintenance and conveyance aspects of urine diverting dry toilets. Currently, ma-
jority of UDDTs utilize 20-liter plastic containers as urine collection and storage systems. With an average production of 
1.5 liters of urine per adult per day, the time taken to fill-up the containers is relatively small and a several containers are 
required per household which increases the cost of running the UDDTs as well as complicating the collection, storage 
and final conveyance processes. Despite the successful construction of many UDDTs in many locations, the absence of 
well structured post user interface in the whole UDDT chain has resulted to a significant number of UDDT installations 
being abandoned. At household levels, discarding of the separated urine on the ground when the containers get filled 
up is quite rampant. The study established that the use of larger tanks for urine collection and storage within the com-
munities which extends time for each unit before the emptying cycle need to be considered as a priority. Larger holding 
capacity will allow better management to meet the needs for agricultural use since the target farmlands are most often 
far away from the urine source. In addition, the collection process could offer a business opportunity in conveyance and 
agricultural micro-enterprises.  

The target outcome of this paper is to have the stakeholders in the ecological sanitation to brainstorm and explore the 
various post-user interface aspects that will make UDDTs more sustainable. 

Keywords: UDDT, user interface, storage tanks, sustainability
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FAECAL SLUDGE BRIQUETTES: TURNING HUMAN WASTE INTO ENERGY

Raude, J.M*1 and Maina, C.W2
1 Jomo Kenyatta University of Agriculture and Technology

2 Egerton University

Biomass is the main source of energy for households in Kenya, and a major energy source for the country as a whole. 
A large share of the biomass used is in the form of charcoal, which provides 82% of household energy in urban areas, 
and 34% in rural areas. In 2013, 72% of the country’s total primary energy supply came from bioenergy and waste. 
With increasing wood heat demand, alternative sustainable sources are being explored to meet energy needs. For in-
stance, faecal sludge is being converted to charcoal for use at household level. To gain insights into the variability of the 
physical quality among faecal sludge fuel products, the chemical composition of samples prepared from faecal sludge 
from Naivasha-Kenya were analyzed for energy and chemical properties. Also, proximate analysis was undertaken and 
it separated bio-briquette into four important properties (moisture, volatile matter, fixed carbon and ash content). The 
bio briquettes were compared to conventional charcoal bought from the local market. The caloric contents of briquettes 
made from faecal sludge ranged from 4.45 to 5.75 Kilojoule per gram. The moisture content was 8.7%; volatile matter 
28%; ash content 5.32% and fixed carbon 57.98%.  The briquettes exhibited energy output comparable to that of tradi-
tional fuels. There is need for more studies to determine alternative sustainable use of faecal sludge in order to manage 
open defecation, faecal contaminated water and disease.

Keywords: Ash content, Bio-briquettes, Faecal sludge, Proximate Analysis

FERTILIZER POTENTIAL OF HUMAN URINE IN BARLEY CULTIVATION

Eeva-Liisa Viskari*, Tampere University of Applied Sciences
Riikka Vilpas, Finnish Environment Institute

Suvi Lehtorant, Finnish Environment Institute

Source separated urine has been found to be a safe and efficient fertilizer for many plants and vegetables and has been 
studied in many different contexts since the late 1990’s.  In Finland the use of dry toilet based fertilisers, such as source 
separated urine, has concentrated mostly on small laboratory or field-scale pilot tests. Large-scale reclaim and reuse 
in agriculture and research on the effects and efficiency or human urine as fertilizer has not been implemented so far. 
Laboratory and field studies have shown the efficiency of urine as fertiliser in terms of nutrient content, microbiological 
quality of the urine and crop yield. Growing concern, however, has arisen about possible occurrence of pharmaceuti-
cals and other micropollutants in urine and their possible accumulation and harmful effects to soil biota and crops. The 
knowledge of their presence in the urine and behavior in the soil is still limited.  

The aim of this study was to acquire scientific data of the use of urine in crop cultivation using barley (Hordeum vul-
gare, var. Wolmari and Harbinger) in field-scale experiments. The feasibility of source separation of urine, management 
and potential as a fertiliser was examined in this study. The fertiliser efficiency of source-separated urine was tested in 
cooperation with two farms located within 80 kilometres from Tampere area. Urine fertilisation was compared to corre-
sponding level of mineral fertilizer and non-fertilised sites were used as a reference in the experimental fields. Two dif-
ferent fertilisation levels in terms of nitrogen application were used in the study 54 kg N/ha and 100 kg N/ha. Urine used 
as a fertiliser was collected from two different sources. Biggest amount, total of 4,8 m3 of urine, was collected from a 
Weekend Music festival in August 2015 in Helsinki and stored over winter in sealed containers until used in spring 2016. 
Another set of urine (1,5 m3) was collected from private household, that had separating dry toiled in use. Main nutrient 
levels (N, P and K), micronutrients, anions, microbiological quality and concentrations of 55 different pharmaceuticals 
and hormones were analysed from urine samples. 

The results of the cultivation experiments indicated that urine was equally efficient fertiliser compared to mineral fer-
tiliser. The barley grain yield in urine fertilisation was same order of magnitude compared to the mineral fertilisation. 
Compared to the non-fertilised treatment, both in urine and mineral fertiliser treatment, the yield was statistically sig-
nificantly higher.  From urine samples, 16 out of 55 studied pharmaceuticals and hormones were found. None of them, 
however, was found in soil at the end of the growing season. Except for progesterone, also none of them was found in 
barley grains at the time of harvesting. The results indicate that urine is potential fertiliser for cereal crops like barley. 
However, in Finland and many other European countries, urine is currently not accepted as a fertilizer, and there are 
many institutional constraints in its use.  Urine contains high amounts of salts like chloride and sulphate. Therefore, the 
potential soil salinisation needs monitoring in long-terms use.  Furthermore, more research is needed about the transport 
and fate of pharmaceuticals and other micropollutants in urine fertilizer use. 

Keywords: urine, source separation, fertilizer potential, barley
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CHARACTERIZATION AND VALORIZATION OF FECAL FOR DEVELOPMENT OF
SUSTAINABLE URBAN SANITATION IN ETHIOPIA

 
Tamene Hailu * Abebe Beyene, Esubalew Tesfahun, Abitie Getaneh,  Kebede Faris

*Ministry of Water, Irrigation and Electricity, Ethiopia.

Access to improved sanitation with sustainable management of fecal sludge is the major challenge to prevent environ-
mental pollution and promote public health in Sub-Saharan Africa where Ethiopia is the case in point. Without onsite 
sanitation including proper fecal sludge management structure in place, human waste most likely ends up into the 
environment. To tackle the alarming pollution and sanitation related health problems, first, we explored the level of 
environmental contamination related to fecal sludge in Addis Ababa. Secondly, we investigated the characteristics of 
the pit contents of dry toilets including fresh feces with a goal to invent new sanitation technologies that are effective 
in containment, microbial inactivation and valorization of human waste. 50 water samples were collected from the wa-
ter sources (wells, spring and rivers) of Addis Ababa to detect the presence of fecal contamination. Average microbial 
enumeration of indicators of water contamination with human fecal origin was performed using Membrane Filtration 
technique. To scrutinize the occurrence and survival of pathogens in fecal sludge and surface soil, Ascaris lumbricoides 
were used as an indicator organism. For this purpose, we sampled 25 dry pit latrines of three different layer and 70 soil 
samples. The proximate analysis and solid content were determined using gravimetric and bomb calorimeter method 
following standard procedures. The ultimate analysis of the sludge was done using the PerkinElmer 2400 Series II and 
CHNS/O Elemental Analyzer. The results revealed that all the soil and most of water samples were positive for fecal 
contamination indicating that environmental pollution is rampant in the city. The proximate analysis determines the 
calorific value, moisture, volatile matter, ash and fixed carbon content of the fecal sludge and it is a quick and practical 
way of assessing the fuels quality and its character for designing and implementation of fecal sludge management tech-
nology. The average calorific values of the fecal sludge samples were ranged from 17.80 to 20.92 MJ/kg, which is above 
the minimum calorific value (18 MJ/kg). We used a commercial pyrolytic process to produce a series of biochar from 
dried fecal sludge at varying temperatures. Finally, the energy content and the elemental composition of the biochar 
were determined. Both the proximate and ultimate analysis results revealed that human feces can be a favorable feed-
stock for biochar production. Fecal biochar made at 300 °C was found to have similar energy content as wood char and 
bituminous coal, having a heating value of 25.14 ± 0.02 MJ/kg. In addition, nutrient-rich properties of biochar produced 
from fecal sludge may significantly enhance soil fertility, and the elemental composition of feces ash after energy recov-
ery showed higher value of alkali elements (Ca, Mg and K), making it suitable for de-acidification of soil. In general, 
our findings provide useful information for the development of sustainable sanitation technology that considers fecal as 
resource in the form of a closed loop recycling approach and that can completely inactivate pathogenic microorganisms 
and avoid environmental pollution.

Keywords: fecal; Characterization; Valorization; Sustainable sanitation

CONCEPT OF REUSE AND URINE USE IN SANSKRIT LANGUAGE 

Shyama Khanal
Lecturer, Nepal Sanskrit University

Sanskrit is an ancient and extraordinarily complex language with a vast vocabulary, which was regarded as a means of 
communication and dialogue by the Hindu Celestial Gods, and then by the Indo-Aryans.it is still widely used today in 
the reading of sacred texts and hymnsan ancient language in Hinduism. Sanskrit is also widely used in Jainism, Bud-
dhism, and Sikhism. Many discoveries and inventation that have been possible today can be found in ancient Sanskrit 
Literature which was a fairy tale in recent past. 

Nepal  Sanskrit University, the then Mahendra sanskrit University established in 1986 under Mahendra Sanskrit Act 
2043, was established with the objectives to systematize Sanskrit education up to higher level, to preserve and promote 
its  achievements, and develop Nepal  into a centre for learning  Sanskrit language and literature.  It is the second na-
tional university of Nepal. 

Urine is called as Shivambu in Sanskrit which means literally “Water of Shiva”, referring to the auspiciousness of the 
practice. The use of human urine as an anti septic for healing cut wounds and urine therapy for curing several abdomi-
nal pains and ailments are the characteristics of some of the Nepalese communities. Sanskrit philosophy also indicated 
alternative medicine, urine therapy or urotherapy where human urine is applied for medicinal or cosmetic purposes, 
including drinking of one’s own urine and massaging one’s skin, or gums, with one’s own urine

For generation, farmers in Nepal, use cattle dung mixed with urine and remains of grasses and hay  as a manure after 
composting it in a manure pit. Thus, the indigenous tradition of using excreta stands as the legacy of the ancestors. Use 
of cattle dung mixed with urine as manure in the field proves that our ancestors were aware about the fertilizer value of 
the urine and feaces. Knowledge of using urine and faeces as agriculture fertilizer is not new for Newar community in 
Nepal. In mountainous regions where open defecation is difficult due to the very cold weather condition, toilets are made 
inside the house, generally in the ground floor, which is connected with the pig shelter in the basement.

This paper tries to examine the Sankrit literature and find how the ancient Sanskrit literature had adopted the concept 
of reuse and recycle. It also tries to establish a connection between the East and the West, the ancient and the modern, 
spiritual heritage and science. Resue and recycle concept is not new to the east but the EcoSan techonology is definetly 
new. Therefore this paper illustrates how the technology of the west can be amalgamated to the concept of the east and 
be promoted in larger scale. 

Keywords: Sanskrit, Reuse, Urine
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WICKED OPEN DEFECATION – CONTEMPLATIONS FROM NEPAL

Sanna-Leena Rautanen
Chief Technical Adviser, Rural Water Supply and Sanitation Project in Western Nepal Phase II

Open defecation is a wicked problem. It continues to be widely practiced in Nepal and also globally despite of the great 
achievements made in sanitation sector in many countries. Even if Nepal was successful in achieving its Millennium 
Development Goal for sanitation, and progress in terms of declaring entire districts ‘Open Defecation Free’ (ODF) has 
been excellent, the practice continues across all locations, and within all socio-cultural settings. While many communi-
ties now proceed towards ‘Total Sanitation’, open defecation continues to undermine many other sanitation, water and 
hygiene related achievements. It appears that many toilets are not actually completed or if completed, are not used, even 
in the localities that have declared themselves as ‘ODF’. We have found that even if the toilets would be observed as 
‘used’, they are not used at all times, or they are not used by specific family members, or they are not used by menstru-
ating women. If we define a wicked problem as “a social or cultural problem that is difficult or impossible to solve for 
as many as four reasons: incomplete or contradictory knowledge, the number of people and opinions involved, the large 
economic burden, and the interconnected nature of these problems with other problems” (www.wickedproblems.com), 
how wicked is open defecation? Taking the wicked problem as the external frame of reference, this study utilizes the 
raw data and lessons learned by the Rural Water Supply and Sanitation Project in Western Nepal Phase II (RWSSP-WN). 
Together with the literature on social, cultural and behavioral aspects of toilet use, particularly in Nepal and in the neigh-
boring India, this study aims to identify what are we missing out, what are we not offering or not seeing? What kind of 
appreciative ways could there be to address such as ideological and cultural constraints, resistance to change, ambiguity, 
taboos and superstitious thinking? What can we do when these are framed as ‘culture’ that should not be challenged, 
and manifest illogical or irrational thinking where reasoning is very hard? The rural communities in Nepal can be very 
diverse, with multiple values and priorities. What can we learn from those working with wicked problems in our effort 
to stop one clearly defined problem, namely Open Defecation? How does this resonate with our approach to behavior 
change? Can these learnings be used for promoting the use of dry toilets as well?

Keywords: Nepal, sanitation, wicked
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CONTAINER-BASED SANITATION AS A LOW-COST SOLUTION IN HIGH-NEED AREAS:
A CASE STUDY REVIEW OF COMMUNITY-BASED COMPOST SANITATION IN SIX COUNTRIES

Alisa Keesey, Program Director GiveLove,
Samuel Autran*, Research Director

GiveLove is a U.S. based skills training NGO dedicated to the teaching and promotion of ecological sanitation. Since 
2010, the organization has worked in emergency and development contexts to introduce low-cost container-based sani-
tation systems and humanure composting approaches. Specializing in non-urine diverting dry toilets, GiveLove’s teams 
work in high-need and water-scarce areas to provide safe sanitation in challenging environments. 

To offer more affordable sanitation solutions for high-need communities, GiveLove has introduced household and 
school-based humanure toilet systems based on community and stakeholder management at the site of collection. The 
programs focus attention on comprehensive skills training aimed at building local capacity, addressing knowledge gaps, 
and identifying the main concepts and learning hurdles necessary for the adoption and maintenance of container-based 
sanitation systems in peri-urban and rural contexts. GiveLove has developed skills training strategies based on encour-
aging peer-to-peer learning experiences that reinforce positive hands-on learning, long term behavior change, and stake-
holder responsibility. This approach has been designed in contrast to traditional Community-led Total Sanitation (CLTS) 
methodologies that induce shaming to trigger behavior change. 

Current WASH sector thinking places an unrealistic responsibility on fee-based services to meet the world’s growing 
sanitation needs without acknowledging that most sanitation systems in developed countries depend on some level of 
government subsidy. While several NGOs and business enterprises are experimenting with market-based models for 
collecting fecal material from high-density urban environments to prove out the concept of container-based sanitation, 
these models have not yet proven to be profitable or ready to scale-up. In many cases, the services are not affordable for 
low-income households or schools, even though excreta can be processed into a variety of products ranging from animal 
feed, soil treatments, organic charcoal, and biogas. 

This paper will summarize case study experiences, user feedback and peer-to-peer learning experiments in six coun-
tries: Nicaragua, India, Uganda, Kenya, Colombia, and Brazil, where GiveLove has successfully introduced humanure 
systems and the Fosa Alterna toilet. The authors argue that decentralized local management and household management 
of humanure systems can offer an affordable solution to pit latrines and open defecation in many high-need areas. The 
paper will discuss various training methodologies and system adaptations that have been introduced in communities 
that previously practiced open defecation or used unimproved pit latrines. Lessons learned and user-interface issues 
that influence adoption and proper management of these systems will be reviewed. The case studies demonstrate that 
compost sanitation and dry toilet systems that utilize carbon-rich materials are affordable alternatives to pit latrines and 
open defecation in many challenging environments; and we conclude that more emphasis needs to be placed on local 
capacity building, technical training of sanitation technicians, and processing of carbon inputs for many dry toilet sys-
tems to work effectively. 

Keywords: compost sanitation, container-based sanitation, community-based sanitation
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AEROBIC BIO-COMPOSTING TOILET –
AN AFFORDABLE TOILET SOLUTION TO SUSTAIN ODF

Bimal Tandukar
Rural Sanitation Specialist, Rural Water Supply and Sanitation Project II

Ministry of Rural Development/ADB, Phnom Penh, Cambodia

In low and middle-income countries, collection and treatment of faecal matter is a costly business; the uncontrolled 
disposal of faecal matter can create health risks and lead to environmental pollution (Massoud et al., 2009. Study con-
ducted in two rural communes in Bantea Meas district (SNV 2015) and Tonle Sap Basin (RWSSP II, 2017) in Cambodia, 
revealed that more than 90% empty their pit by the house owners. Banteay Meas is the first ODF district in Cambodia. 
Due to unsafe disposal of faecal sludge, there is a grave concern that the main purpose of ODF will be defeated. The oth-
er challenge in Cambodia is despite of efforts from various agencies, improved toilet coverage in floating communities 
is less than 1% (RWSSP II, 2017).

As a proof of concept, Aerobic Bio-Composting (ABC) digesters were installed by me for the first time in Cambodia 
in September 2015. It is designed with proper layer of gravel, sand, humus soil, earthworms and other biofil materials 
inside concrete rings. Inside the digester natural air circulation takes place without external energy. The average cost of 
the digester is less than US$ 50 excluding the platform and super structure.
The preliminary findings based on the field observation, response from the toilet users and lab test (RWSSP II, July 
2017) of effluent revealed that the digester generated odourless compost at an average rate of 5 litre/per person/year 
and no helminth egg was present in sample effluent that was collected at the bottom of ABC digester. However, average 
e-coli was recorded at log 6. Following the proof of concept, Asian Development Bank (ADB) supported Rural Water 
Supply and Sanitation Project is further testing the ABC digester as a pilot project in 12 land based communities and 
two floating communities. For floating communities, ABC design is modified using plastic container with light media 
inside the digester. It will be installed on the boat with different options of treatment devices at the outlet of digester to 
treat effluent for safe disposal into water bodies. The project has developed monitoring protocol including lab test of the 
compost and effluent from the digester. The field implementation is expected to start from January to August 2018 and 
findings will be disseminated.

The successful implementation of the concept will reduce the burden of offsite treatment of faecal sludge in rural and 
peri-urban area. In addition to that the ABC will generate compost, which can be used safely for agriculture after low 
cost onsite treatment. Most importantly, it will be the first affordable and socially acceptable technology to be used in 
land based and floating communities for onsite treatment of faecal sludge addressing the second generation sanitation 
issue in rural & peri-urban area. 

Keywords: Aerobic Biodigester, Fecal Sludge

FIELD TESTING A MECHANICAL WATERLESS FLUSH 

Hennigs, J.*, Tierney, R., Barrington, D., Collins, M., Engineer, B., Kolios, A.J., McAdam, E.,
Parker, A., Ravndal, K.T., Talaia, P., Tyrrel, S., Williams, L.; all Cranfield University

Cranfield University is developing the Nano Membrane Toilet in response to the Bill and Melinda Gates Foundation’s 
Reinvent the Toilet Challenge. The toilet will be able to treat faeces and urine on-site at a household level without con-
nection to water-, sewage- or electricity networks. For the waterless operation, a novel mechanical flush was designed 
as an integral part of the toilet. It consists of a bowl, which rotates upon closing the toilet’s lid, and a swipe which cleans 
the bowl as it rotates downward. If users’ contact with faeces can be adequately avoided through this novel mechanism, 
the waterless flush could be incorporated into existing toilet designs, thus having the potential for saving large volumes 
of water worldwide. To avoid fouling in the bowl, and the associated problems with hygiene and user satisfaction, the 
long-term efficiency of the swipe is of high importance: Not only does it have to clean the bowl upon each swipe, but it 
must not recontaminate it during the return motion either. Besides the swipe and bowl fitting closely, their surface mate-
rials should resist adhesion of faeces. A prototype of the flush was initially tested at a university in the Republic of South 
Africa, where members of the university used it like a regular toilet. Three different swipe materials were tested, and 
the effectiveness of the swipe was monitored on a daily basis, using photography. The photographs were later analysed 
using the software “imageJ”.  Of the three materials polyurethane, silicone, and silicone with oil-bleed-effect, the latter 
was the most promising and was chosen to be used for long-term testing in peri-urban households in South Africa. Pro-
totypes were installed in a total of six households, each for one month. The findings were then confirmed in controlled 
laboratory experiments at Cranfield University, using synthetic faeces of different consistencies, to simulate the entire 
spectrum of the Bristol Stool Chart. Bovine blood was used to simulate menstrual blood. Both during user testing and 
in the laboratory, the influence of lubricating the bowl prior to use was investigated, using a surfactant-solution sprayed 
into the bowl. As experienced during user testing, the oil-bleed silicone swipe was observed to be most resistant to 
fouling on the swipe itself and appeared to be most effective in cleaning the bowl. Lubrication of the bowl improved the 
performance of all materials. However, even the oil-bleed silicone swipe in combination with a lubricated bowl was not 
highly effective with soft, glutinous faeces (Type 6 on the Bristol Stool Chart), and could not fully remove blood stains. 
The findings aided in improving the flush mechanism, but also revealed areas of further research need.

Keywords: Dry Flush, Field Testing, Reinvent The Toilet Challenge
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SELF SUSTAINED SANITATION FOR RESOURCE RECOVERY OF
PLANT ESSENTIAL NUTRIENTS

Chinmoy Deb, Bonny Gul Thawani, Aman Sharma, Anooj Ramanathan,
Varun Gore, Raghav Dangayach, M.Ganesapillai

Mass Transfer Group, Department of Chemical Engineering, School of Chemical Engineering,
Vellore Institute of Technology, India.

The developing world faces dual crises of escalating resource recovery and lack of urban sanitation infrastructure that 
poses significant burden on the environment. In spite of urine’s high concentration, potential accessibility and reusability 
of supplements, human urine keeps on being flushed away as waste water streams. This poor management of nutrients 
in our built environment in lieu of the representative failures in our systems to safely handle, treat and assimilate the 
‘waste’ resources has resulted in considerable environmental externalities. The use of carbonized human feces for nutri-
ent recovery in wastewater treatment, offers a potential win–win scenario, as it simultaneously utilizes and re-channels 
both feces and wastewater. The current study highlights self sustained sanitation by promoting recovery of urea from 
synthetic urine on fecal ash produced from human feces. 

The parameters varied in these studies were adsorbent loading (0.5, 1.0, 1.5, 2.0 g); the initial concentration (3.37, 
6.75, 10.12 and 13.50 g L-1) of urea in synthetic urine; temperature (30, 35, 40oC); pH (5.5, 6.0, 6.5, 7.0) over a total 
period of 4 hours. Additionally, to confer the maximum adsorption capacities, it was vital to optimize the parameters 
used, wherein Box–Behnken design and Response Surface Methodology were used. Deviation less than 13.6% was 
observed between experimented and predicted data under Response Surface Methodology. Ash loading of 1.5 g, initial 
urea concentration of 13.5 g/L, urine pH-6.0 and sorption temperature -30oC were the optimal process parameters under 
equilibrium conditions. 

Adsorption kinetics, Isotherm models (Langmuir, Freundlich and Tempkin) and ANOVA (efficiency, error analysis and 
feasibility) allegorized a generic trend for urea recovery efficiency at different sorption temperatures that varied as 30oC 
> 35oC > 40oC. For all the aforementioned parameters, a maximum adsorption percentage of 80.63% was noted. Process 
thermodynamics implied the presence of Van der Waal’s and electrostatic interactions between urea molecules and the 
surface of fecal ash; besides, the sorption was found to be exothermic, spontaneous and physical in nature. Kinetic stud-
ies highlighted a pseudo–second–order kinetic fit with contributions from intra–particle diffusion. These results recom-
mend the usage of ashed solid waste as a prospective adsorbent for recovery of plant essential nutrients for wastewater 
on a larger scale.

Keywords: Waste management, Nutrient recovery, Plant nutrients, Fecal ash, Adsorption isotherm

FROM LIQUID WASTE TO DRY COMMERCIAL-GRADE FERTILISER: ALKALINE
DEHYDRATION TECHNOLOGY FOR URINE-DIVERTING TOILETS

 
Prithvi Simha,*, Jenna Senecal, Annika Nordin, Cecilia Lalander, Björn Vinnerås

Swedish University of Agricultural Sciences (SLU), Department of Energy and Technology, Sweden

Urine-diverting dry toilets provide an elegant way to source-separate toilet wastes and thus, pave the way for human 
urine to be reused in agriculture as fertiliser. However, when urine is conveyed through pipes connected to such dry 
toilets, urease enzymes catalyse a urea hydrolysis reaction which changes the nutrient composition in urine. Moreover, 
due to low nutrient concentration (0.6% N, 0.07% P, 0.16% K, 95% H2O), large volumes of urine have to be collected, 
transported and applied on agricultural land. Recycling liquid urine from households to farmlands is thus, a logistical 
challenge, energy and labour intensive, and as a consequence, not an attractive fertilisation option. To help overcome 
these issues and valorise urine nutrients, we propose a new technological approach - alkaline dehydration. In alkaline 
dehydration, source-separated fresh urine is biochemically stabilised to inhibit urea hydrolysis by using an alkaline 
material and dehydrated to yield a dry end-product (fertiliser). In this study, we present results and experiences from 
operating a pilot-scale urine dehydrator connected to a urine-diverting dry toilet installed at the SLU campus. The dehy-
drator was designed to manage urine excreted by 10 regular toilet users (6 L day-1) during office hours over a six weeks 
period. Two alkaline mixtures: wood ash/lime and biochar/wheat bran/lime were tested at a drying temperature of 45 °C. 
Results revealed that the dehydrator removed > 95% of urine’s water content and achieved high dehydration rates (15-20 
L urine day-1m-2). The alkaline mixtures used as the drying media were converted to end-products with high nutrient 
concentrations estimated as: wood ash/lime (>10% N, >3.5% P, >7% K) and biochar/wheat bran/lime (>11% N, >3% P, 
>10% K). Hence, connecting a urine dehydrator to dry/flushed urine-diverting toilets or urinals can allow on-site treat-
ment of human urine, reduces its volume, and allows production of value-added, commercial-grade fertilisers (>10% N) 
at the household level. To realise high degree of nutrient valorisation, we propose a new decentralised sanitation system 
that combines source-separation of urine with the alkaline dehydration technology proposed in this study. Potentially, 
by using this system each person would produce 25 kg of fertiliser, containing 4 kg N, 0.5 kg P, and 1.2 kg K per year, 
with the potential of replacing 22, 50, 55 % of chemical NPK fertiliser consumed in Sweden, respectively, if all urine 
were treated in this way. 
 
Keywords: Source separation; Nutrient recovery; Volume reduction; Fertiliser; Human urine  
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FROM ECOLOGICAL SANITATION TO RESOURCE-CIRCULATED SANITATION

Shervin Hashemi*, Mooyoung Han
Dept. of Civil and Environmental Eng., Seoul National University

The current sanitation systems are not sustainable and have serious challenges. Current approaches require high water 
and energy consumption. Producing black water by mixing urine and feces and send it to the wastewater treatment plants 
cause high nutrient load. Moreover, lack of sufficient treatment of the produced wastewater can have hazardous effects 
on the environment. In these systems, urine contributes 80% of nitrogen and 50% of phosphorus in domestic wastewater, 
which increases pollution load to wastewater treatment or natural water bodies.

Ecological Sanitation (EcoSan) systems are designed to address and solve these challenges, These systems consume no 
or less water and energy, separate urine through dry toilets, and treat it to utilize as fertilizer. Such approach is not new 
in Asia. Traditionally some Asian countries, like Korea, used to store and utilize urine as fertilizer. However, EcoSan has 
its specific challenges. Approaches for urine treatment are not usually scientific or sustainable and may have limitations 
for on-site treatment approaches. In most of EcoSan systems, there is lack of a sustainable and accessible treatment 
process to achieve a fertilizer, which can be considered as a substitution with the currently available chemical and com-
mercial fertilizers. Furthermore, there are aesthetic problems reduces the social acceptability of them.

In this study, an innovative sanitation system is proposed as Resource-Oriented Sanitation (RCS) to cover the mentioned 
limitations of EcoSan. All components of RCS system are well designed to meet the final goal of production of fertilizer 
onsite sustainably as well as having a smooth maintenance procedure. For an efficient development of the concept of 
RCS, reasons for mentioned EcoSan limitations and challenges are tracked, and scientific approaches are executed to 
tackle them. The fertility of urine improved and optimized by adding nitrifying microorganisms bio-seed. The retention 
time for stored urine is reduced through an optimized engineering design of the urine reactor as tanks-in-series. The 
odor is controlled by pH adjustments and controlling the evaporation of ammonia which is naturally produced by the 
hydrolysis of urea. Finally, sustainable maintenance is provided using smart technologies by equipping the reactor with 
sensors to detect the level of urine as well as smell, indicated by the ammonia concentration, and fertility. 

The social acceptability and fertilization potential of the proposed system were examined in a field test at an urban 
farm in Seoul, Republic of Korea. While no aesthetic complaints arose, the application of urine fertility to white radish 
cultivation resulted in larger and sweeter products when compared to commercial fertilizer or no fertilizer. This system 
produces multiple benefits over the conventional toilet system, such as reducing water consumption down to about 22 
lpcd, replacing commercial fertilizer, and improved crop production. It is compatible with any urine-diversion dry san-
itation system and can be easily replicated using local materials and labors. Consequently, it can be beneficially applied 
toward the sixth item of Sustainable Development Goals (SDG6) and should be promoted in areas experiencing water 
and food shortages as well as water pollution.

Keywords: Ecological Sanitation; Resource-Circulated Sanitation; SDG6; Urine Treatment and Utilization

PRODUCTION OF NITROGEN AND POTASSIUM FERTILIZERS FROM
LIQUID WASTE OF CATTLE BARNS

Ryusei Ito, Minami Fujioka, Naoyuki Funamizu

All the waste from cattle barns must be treated or reused for agriculture in Japan. Half of the waste is stored in a storage 
tank, kept half year and spread into farmland. The rest is separated into 2 fractions of solid and liquid. The solid fraction 
is composted and the liquid is kept in a tank to spread. For application of these liquid in agriculture, odor problem and 
requirement of liquid spreading machine are very big issues caused by ammonia emission and resulting in high cost, re-
spectively. Another problem is high potassium content in the liquid manure especially in production of cattle feeding. To 
solve these problems, we propose to produce solid nitrogen and potassium fertilizers separately. The production process 
consists of three unit-processes. First, liquid waste is concentrated and ammonia evaporates with vapor, then collected in 
acid solution. CO2 gas is added into the concentrated liquid waste to remove sodium in the liquid. Finally, the liquid is 
concentrated again to precipitate potassium salt. The liquid fraction is recirculated to second process to keep high solute 
concentration. In this paper, we demonstrate the fertilizer production process from liquid waste of cattle barns. Then the 
composition of the fertilizers is analyzed.    
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FOULANT ANALYSIS OF FO MEMBRANE USED FOR URINE CONCENTRATION

Takato Matsuda*, Ryusei Ito**, Guizani Mokhtar**, Naoyuki Funamizu***
*Graduate School of Engineering, Hokkaido University, Japan

**Faculty of Engineering, Hokkaido University, Japan
***Faculty of Agriculture, Hokkaido University, Japan

Urine has a possibility to be used as a fertilizer owing to its rich nutrient content. It should be transported from urban to 
rural areas, because it is mainly produced in urban area. Our privious estimations of transportation costs in Indonesia and 
Pakistane showed 80% of volume reduction of urine is required for feasible use against commertial chemical fertilizers. 
So, the potential of a forward osmosis (FO) process was investigated for the volume reduction, then we reported it could 
achieve to 5 fold concentrations of urine with 5 mol/L NaCl solution as a draw solution, while the overall permeability, 
which was calculated from water flux through the semi permeable membrane and osmotic pressure difference of urine 
and draw solution, decreased with repetition of the  concentration processes. A cake layer formed on the membrane 
surface of urine side while could be removed by physical cleaning. From the elemental analysis, the cake consisted of 
calcium and organic matter. Half of the overall permeability drop was caused by this cake layer, although rest might 
be caused by absorption of foulants into the membrnae which are still unknown. Thus, the objectives of this paper is to 
identify the foulant absorbed in the membrane and to propose a cleaning process to prevent inner fouling. The absorbed 
organic matters in the cellulose triacetate membrane which was used for 16 times repitation of real hydrolized cow-urine 
concentration were analyzed by a means of FTIR. As a result, the IR spectrum of the fouled membrane showed higher 
peak intensity compared with new membrane at 3500, 3000, 1050 cm-1. These peaks might show the organic matters 
containing saccharides. However, the peaks for proteins which should be contained in the hydrolyzed cow urine was not 
observed in the fouled membrane. Therefore, saccalides in the membrane can cause decrease in the membrane perme-
ability. Physical cleaning can remove the cake layer but not the absorped organic matters completely, so that chemical 
cleaning by an alkaline solution is alternative solution for the cleaning of the membrane, which can remove absorped 
organic-matter in the membrane and is well known to give a damege to the polymer membrane. Thus, the damege on 
the permeability by alkaline treatment was investigated with soaking in NaOH (pH 12) solution for 24 hours. Then, the 
membrane showed increase in the permeability. This means membrane was damaged by high concentrated alkaline. 
Therefore, another chemical agent or concentration condition should be considered for chemical washing.

Keywords: Alkaline treatment, saccharides, permeability, absorption

EFFECT OF HUMANURE, PIT TOILET SLUDGE AND SEWAGE SLUDGE APPLICATION
ON YIELD OF CHILLI AND SOIL PROPERTIES 

Srinivasamurthy, C.A.,1* Pushpa, H. M.,2 Venkate Gowda, J.,3 and Uzra Sultana.,4 
1Director of Research, CAU, Imphal, India, Corresponding author
2 Ph.D Scholar, Department of SS& AC, GKVK, Bangalore, India

3Research Associate, Department of SS& AC, GKVK, Bangalore, India
4Manager, Arghyam, Urban WATSAN Programme, Bangalore, India

A field experiment was conducted at D-10 block of GKVK, University of Agricultural Sciences, Bangalore with chilli as 
test crop during 2015-16 to study the effect of humanure, pit toilet sludge and sewage sludge application on soil proper-
ties and yield of chilli. In the experiment, three fecal sludges as nutrient sources along with three levels of fertilizers (75, 
100 and 150 percent of recommended dose of fertilizers) were compared with recommended dose of fertilizer along with 
FYM.  The experiment had ten treatments, replicated thrice in RCBD design. The results revealed that application of 
150 % K through humanure + balance N and P through fertilizers to supply 150 % N & P (T3 ) recorded higher yield of 
dry chilli (1.99 t ha-1) compared to all other treatments except the plots which received 150 % P through pit toilet sludge 
+ balance N and K through fertilizers to supply 150 % N and K (T6) and 150 % P through sewage sludge + balance N 
and K through fertilizers to supply 150 % N & K (T9 ) respectively. The yield enhancement was found to be 37% more 
from T3 over 100% RDF+ FYM (T10). Similarly, the pH and EC of the soil after harvest of chilli crop varied due to 
different treatments. There was no much difference in pH of soil due to application of different faecal sludges. The EC 
values of soil was also found to be non-significant after harvest of chilli. The treatments which received humanure has 
registered higher organic carbon compared to pit toilet and sewage sludge treatments irrespective of dosage. The highest 
mean organic carbon content (0.57 %) was recorded in treatment T3 which received 150% K through humanure. The 
treatment receiving 150% K through humanure (T5) recorded higher available nitrogen (302.51 kg ha-1) and available 
phosphorus (56.87 kg ha-1) when compared to other treatments. Higher available potassium content of soil (370.31 kg 
ha-1) was also observed in the same treatment. The secondary nutrients and micro nutrients content of soil was found 
to be higher in all the plots which received faecal sludge and sewage sludge. After harvest of crop, the micro nutrients 
status of soil has increased by five folds in humanure applied (150% RDK) plots. The heavy metals viz Cd, Ni, Cr, Pb 
were below the detectable level. 

Keywords: Humanure, Pit toilet sludge, Sewage sludge, chilli 
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FLOODPLAIN MODELING AS TOOL FOR COMMUNICATING URBAN SANITATION
ISSUES IN ACHANGING CLIMATE: THE CASE OF BITAN-AG CREEK

Dexter Lo*, Jan Taat, Sam Stephen Mangubat, Shaira Monique Baang, Janessa Lavin and Mark Aldrich Co 
*Founding Director, XU Engineering Resource Center Xavier University - Ateneo de Cagayan

Sanitation is one of the persistent challenges in a rapidly urbanizing community, especially in developing countries. 
The provisions for sanitation facilities are usually overtaken by the accelerated urban migration, and the proliferation of 
informal settlements along creeks and waterways. 

Cagayan de Oro City is a fast emerging metropolis in the island of Mindanao, Philippines. It is an economic hotspot, 
but also challenged with housing backlog resulting to hundreds of informal settlers along its creeks. At the city’s central 
business district traverses the Bitan-ag Creek, which is swarmed with informal settlements along its course, many of 
which do not have proper sanitation facilities. As a consequence, the creek is heavily clogged due to years of siltation 
and improper waste management.

In effect, the Bitan-ag Creek frequently overflows during heavy rainfall events. The overflow causes widespread flood-
ing affecting 16 barangay (villages) around the floodplain, and paralyzing the social and economic activities of the city 
and neighboring provinces. On the onset of a changing climate, the challenge is even aggravated due to record-breaking 
rainfall events in recent years.

And so the City Government, assisted by the United Nations - Habitat, organized a program called Hapsay Sapa (Order-
ly Creek / Stream) to address this flooding problem. The goal is to effect transformational outcomes among the residents 
whose houses are along the creek. It aims to implement structural measures, but also focuses on making the communities 
understand the importance and the impacts of proper waste management and sustainable sanitation solutions.

Thus, the Xavier University Engineering Resource Center was tasked to conduct a hydrologic study of the area. The 
objective is to develop floodplain models to determine the factors that cause flooding, as well as simulate scenarios when 
the creek is clean and when heavily silted. 

Results show that for a 10-year rain, the creek could only flood around 7.6 hectares of the urban area if the creek were 
clean. However, for the real silted condition of the creek, around 62 hectares could be flooded, which was validated 
during actual flooding event that happened. 

The results of the technical study were shown in high-resolution GIS-based maps to vividly show the significantly dif-
ferent flooding scenarios. These maps were presented to the City Government Officials and Planners, as well as to the 
communities living along the Bitan-ag Creek. The maps were useful in making the various stakeholders understand the 
impacts of maintaining a clean creek. It was also used as a platform to plan and implement activities on proper sanitation 
practices, which essentially starts at the household level.

Keywords: Flood, Urbanization, Sanitation

GETTING EVERYONE – RICH AND POOR - TO USE URINE DIVERSION DRY TOILETS: MOVING TO 
RESOURCE RECOVERY AND EQUITABLE SANITATION IN THE SOUTH AFRICAN CONTEXT

Verster, Bernelle* Randall, Dyllon, Harrison, Susan 
Future Water Institute, University of Cape Town, South Africa 

Centre for Bioprocessing Engineering Research (CeBER), University of Cape Town, South Africa

Nutrients in wastes need to be recovered to move towards the circular economy and most importantly to contribute to 
more equitable food security (Dickin & Rosemarin 2016). For example, phosphorus can already be recovered from 
wastewater and directly from urine.

From an environmental perspective, both the phosphorus and the nitrogen cycle are imbalanced. Recovering nitrogen 
from wastes contributes to energy saving and reducing harmful biologically reactive nitrogen deposition, also linked 
to climate change. Further, the dissolved nutrients present even in discharge compliant effluent (and well-functioning 
wastewater treatment works are in the minority in South Africa and other countries) are too much for receiving water 
bodies, thus causing eutrophication.

From the biotransformation (as opposed to bioremediation) process engineering of the biorefinery perspective, the nutri-
ents in dry toilet waste and especially urine diversion is more concentrated, more defined and therefore more attractive 
for the productivities that biorefineries require, than from mixed, dilute streams like in conventional reticulated sewage 
(Harrison et al 2017). This paper argues that for this reason, dry sanitation holds special promise for human wastes to 
participate in the circular economy.

Economically speaking dry toilet infrastructure is cheaper than flush infrastructure (Dodane et al 2012). However the 
constitutionality of having flush systems for only the affluent portion of a highly unequal country like South Africa is 
questioned. The conventional approach is to work towards flush toilets for all the people in this country, but with the in-
creasing need to move towards the dual goal of water sensitive cities and the circular economy, the alternative of moving 
everyone towards dry sanitation is suggested here. The current extreme drought in Cape Town presents an opportunity to 
see how residents and governance structures respond to alternative toilet designs, and how these influence opportunities 
in collection, transport and processing. Further, it is critical that innovative solutions to service delivery must first be 
tested (and then legislated) among the wealthy. This is for two reasons:
1. The more affluent can subsidise a desirable, equal quality product across the income spectrum
2. It is only services accepted and widely used by the wealthy that stand a chance at being accepted as adequate services 
for the poor.

To achieve a thriving dry toilet infrastructure and culture, the main question often comes down to behavior change, but 
this may be the easiest, as the user interface can be made to look virtually indistinguishable from flush toilets, or at least 
have a desirable design (e.g. foam flush). Some user awareness may also contribute positively with the increasing envi-
ronmental awareness around nutrients and water saving. The larger question is how the back-end infrastructure should 
look, from collection, storage, transport and processing, and more important how this can be designed to fully embrace 
resource recovery and positive biotransformation.

Keywords: resource recovery, waste(water) biorefinery, circular economy, equitable sanitation, behavior change, water 
sensitive cities
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INACTIVATION OF SAP IN DISPOSABLE DIAPERS BY ACID SOLUTIONS

Haruna ONODERA*, Ryusei ITO**, Naoyuki FUNAMIZU***, Koichi YAMAKI****, Takayoshi KONISHI**** 
*Graduate School of Engineering, Hokkaido University, Japan

**Faculty of Engineering, Hokkaido University, Japan
***Faculty of Agriculture, Hokkaido University, Japan

The production of adult paper diapers in Japan increased because of an aged society in recent years. The main function 
of diapers is water absorber consisted of pulp, super absorbent polymer (SAP) made of sodium polyacrylate and plastic 
package. We are proposing a reusing system of used diapers to solve following problems; 1. huge consumption of fossil 
fuel for SAP and pulp production, 2. difficulties on its incineration process and 3. no nutrients recovery.  In this system, 
the plastic package of used diapers broken then put in the acid solution to wash and remove the plastic package. During 
this process, SAP is inactivated by shrinking its volume to discharge absorbed urine. Then, pulp, inactivated SAP and 
liquid phase were separated by filtration. The separated pulp is washed again with ozone, dried to produce diapers. The 
shrunk SAP can be reactivated by alkaline treatment to used diapers. To design the SAP reusing processes, the mech-
anism of inactivation and reactivation of SAP by acid solution should be investigated, although no research reported. 
The objectives in this study are to investigate the inactivation mechanisms of SAP in acid solution and its reactivation 
mechanism by alkaline solution. . Horkay et al. (2000) reported the swelling degree of SAP which shows the capacity 
for water absorption depended on the osmotic pressures caused by elasticity, mixing and ion concentrations. The elastic 
and mixing osmotic pressures can be represented the shear module and Flory-Huggins equation, respectively. The ion 
osmotic pressure, Πion (Pa), is proportional to the difference of ion concentrations in the polymer particles and the bulk 
solution as following equation. Πion=RT(Cgel -Csol)  . Where, R is the gas constant [Pa L/mol K], T is the absolute 
temperature [K], Cgel,Csol are respectively the concentration of the ions in the gel and the equilibrium solution [mol/L]. 
The ion osmotic pressure was estimated from the relationship between the swelling degree and ion concentrations in the 
bulk solutions of NaCl, HCl , H₂SO₄, and citric acid. The concentrations of ions were measured by ion chromatography 
and TOC.  
 As a result, the swelling degree of SAP decreased with increase in concentration of ions, while acid solutions inactivat-
ed SAP at same level with Ca(OH)₂. Furthermore, same concentration of NaCl solution less inactivated SAP than acid 
solution, although the effect of osmotic pressure on the swelling degree showed same trend. Thus, the proton produced 
by acid had contribution on SAP inactivation. Form this relationship, the swelling degree can be estimated from acid 
concentration.

Keywords: SAP reuse, Swelling degree, Osmotic pressure

WINNING BACK THE HEALTH OF FILIPINO SCHOOLCHILDREN: THE RELATIONSHIPS BETWEEN 
THE DEPARTMENT OF EDUCATION’S WASH IN SCHOOLS PROGRAM, SCHOOL BASED FEEDING 

PROGRAM, AND PHILIPPINE INFORMAL READING INVENTORY
 

Aguilar, Benedicto Juan Enrique P, Philippines

In response to the problem of childhood malnutrition leading to poor child health and cognitive ability, the Philippines’ 
Department of Education (DepEd) has implemented several programs, including the Wash in Schools (WINS) Program, 
the School Based Feeding Program (SBFP), and the Philippine Informal Reading Inventory (PhilIRI). This paper exam-
ined the relationships between the three programs by compiling its databases for the schoolyear 2016-2017 and testing 
for association using chi-square, correlation using Pearson’s R, and differences in means using Independent Samples 
T-Test. Associations were found between: SBFP Improvement and WINS water, sanitation, hygiene, and deworming 
scores; PhilIRI Improvement: WINS sanitation, deworming, health education, and overall scores, and SBFP improve-
ment; and overall school population and WINS water and overall scores. Correlations were found between WINS, SBFP, 
and PhilIRI variables. Significant differences in means of some variables were found when comparing schools that met 
or did not meet the cutoffs set in the study. The study concluded that larger school size was linked to better WINS and 
SBFP outcomes but worse PhilIRI outcomes, and that better WINS outcomes led to better SBFP and PhilIRI outcomes. 
Better outcomes for undernourished students in schools was, paradoxically, related to poorer overall school reading out-
comes. This study recommends follow-up studies using specific variables measured by the WINS program and a better 
integration of the program data collection system on a frontline level.  

Keywords: Child Malnutrition, PhilIRI, Reading Ability, School Based Feeding Program, WaSH

Ben Aguilar is a medical student from Xavier University – Dr. Jose P Rizal School of Medicine, in Cagayan de Oro City, 
Philippines. He graduated with a degree in Health Sciences and a minor in Creative Writing from The Ateneo de Manila 
University, in Quezon City, where he received the Ateneo Socio-Civic Engagement for National Development Award for 
his research on the effects of low-emissions solid biomass fuel cookstoves on the respiratory health of mothers in Sto. 
Tomas, Batangas. He has also done research on the demographic characteristics of PhilHealth nonmembers in Cagayan 
de Oro City. 
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NITROGEN RECOVERY FROM AGROINDUSTRIAL WASTEWATER BY STRUVITE PRECIPITATION IN 
A STRATEGY TO OVERCOME METHANE PRODUCTION INHIBITION BY AMMONIUM NITROGEN 

R. Coura1,2, A.C. Rodrigues*2,3, A.I. Ferraz2,3, A.G. Brito1
1 LEAF - Linking Landscape, Environment, Agriculture and Food, School of Agriculture,

University of Lisbon, Portugal 
2 Escola Superior Agrária - Instituto Politécnico de Viana do Castelo, Ponte de Lima, Portugal

3 CEB-Centre of Biological Engineering, University of Minho, Braga, Portugal

Animal manure and slurries produced by the animal breeding sector are still an environmental risk because their high 
nitrogen content hinders biological treatment processes. In addition, sludge from small wastewater treatment plants 
(WWTP) has few disposal options if a life cycle approach is considered. In this regard, the recent trend in wastewater 
processes is to move forward resources recovery options, moving from a linear to a circular economy approach. There-
fore, this study aims to optimise anaerobic co-digestion of cattle manure and WWTP sludge, by removing the excess 
of ammonium nitrogen through struvite (magnesium ammonium phosphate), prior to the biomethanation process, thus 
allowing the simultaneous recovery of energy and valuable N-P fertilizer.

Struvite precipitation experiments were carried out using a mixture of cattle manure from a dairy farm and waste sludge 
from a domestic WWTP (1/1). The batch reactors were operated at 35ºC, using an orbital shaking incubator. A solution 
of MgCl2 0,05 M was used as magnesium source. The pH was maintained between 7 and 8,5. Process monitoring in-
cluded COD, ammonium nitrogen and phosphorus analysis.

Cattle manure and WWTP sludge had a very unbalanced content of total organic carbon and nitrogen. Volatile solids 
content was 18,3±0,2  g L-1 and 14,3±0,1 g L-1 , respectively. At the tested conditions, ammonium nitrogen and phos-
phorus were precipitated with a maximum observed efficiency of 58% and 92%, respectively. 

Struvite pre-treatment of animal organic wastes and sludge with a high nitrogen content is a feasible option in integrated 
biogas production facilities, if a magnesium source is added. Low-cost technologies for struvite crystallisation have a 
high potential in rural areas, not only for minimise nitrogen inhibition of biomethanation and energy recovery processes, 
but also for in-situ fertilizer production.

Keywords: Struvite, nutrient recovery, circular economy

PILOT DEMONSTRATION OF MICROALGAE CULTIVATION TREATING SOURCE SEPARATED HU-
MAN URINE FROM DRY TOILETS IN OUTDOOR RACEWAY PONDS IN FINLAND

P. Chatterjee*, M. Granatier, M. Kokko, J. Rintala
*Laboratory of Chemistry and Bioengineering, Tampere University of Technology, Finland

About 80% of the nitrogen, 50% of the phosphorous and 90% of potassium in domestic wastewater originate from hu-
man urine, which has a volume of only 1 – 1.5 L per person per day (Chang et al., 2013). In addition to large amount of 
nutrients, human urine also contains trace elements. The development of urine sorting dry toilets has made it possible to 
recycle the nutrients in wastewater (Adamsson, 2000). The main purposes of urine-treatment processes include stabilisa-
tion, P-recovery, N-recovery, nutrient removal and handling of micro-pollutants. The concept of dry toilets or generating 
source separated urine itself is so recent, that the treatment options for the same has not been explored much.

Microalgae may provide an economically and environmentally sustainable way to recover those nutrients and contribute 
to treatment of urine (Feng and Wu, 2006). In the present study, Scenedesmus was cultivated in nutrient rich human 
urine stored for five months at different dilutions with fresh water. The hypothesis was that Scenedesmus can grow in 
diluted human urine without trace element additions in large raceway ponds and in northern latitudes. 
The study consisted of one 2000 L pilot raceway pond (RWP) located in Heidenranta, Finland where diluted source sep-
arated human urine (1:20 and 1:15) was used as the culture media for growing Scenedesmus acuminatus at a hydraulic 
retention time (HRT) of 15 d. 

The algae growing in the semi-continuous pilot raceway pond on 1:20 time diluted urine achieved a maximum removal 
of 72% Na, 78% N and 38% P. Unfavourable conditions of growth like low temperature and low light intensity in these 
latitudes can cause low growth rate. However, it was observed that the algae could grow and continue to treat the urine 
in temperature as low as 5 °C. 

In conclusion, S. acuminatus was able to grow and remove nutrients in human urine and thus cultivation of this algae in 
source separated urine is a promising approach for producing  biomass with cheap nutrient supply (e.g. for biogas and 
bioethanol production or as aquaculture feed). Future studies are needed to explore the possibility of revival of the algae 
after winter months in Nordic weather. Also studies on biomass harvesting could further promote the practical applica-
tions. In addition, the processing of the algal biomass is being studied in our ongoing experiments.

Keywords: Microalgae; source separated human urine; pilot raceway pond; nutrient recovery
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IMPROVING THE NUTRITIONAL OUTCOMES OF SCHOOL-BASED FEEDING FOR FILIPINO
CHILDREN: INTEGRATING NUTRITION, WATER, SANITATION AND HYGIENE (WASH)

Itchon GS*, Masgon MA, Repulo WV, Gustilo JY, Paigalan DM

The Philippines is a middle-income country which has experienced tremendous economic growth in the last 7 years.  
However, despite this exemplary economic performance, the Philippines is ranked 9th in the world in terms of total 
number of stunted children.  It is estimated that 1 in 3 school children are stunted, a figure which does not seem to reflect 
a modern, developing, progressive country.

In an attempt to understand this situation, an analytic study was conducted to analyze secondary data which was collect-
ed by the Department of Education (DepEd) for school children’s Body Mass Index (BMI) combined with prospective 
data which was collected by the Vegetables Go to School Project, a multi-country development project which was 
funded by the Swiss Development Agency, and which was implemented by Xavier University in Cagayan de Oro City, 
Philippines, from 2015 – 2017.   Sixteen (16) elementary schools were included in the study.  Sample size was 1920 chil-
dren ranging in age from 7-12 years old.  Specifically, BMI scores before and after 120 days of feeding were recorded 
and analyzed.  Results indicate that the net change in Body Mass Index after 120 days of feeding, was higher in children 
who were in schools which had potable water, toilets and year-round vegetable gardens compared to schools which had 
no potable water, no working toilets, and no vegetable gardens.  Student’s t test at p=0.05 was used to analyze the BMI 
data of the children before and after feeding. It is therefore imperative that in order to improve nutritional outcomes of 
children who are enrolled in feeding programs, potable water and toilets must be in place.

This study highlights the association between nutritional outcomes and WaSH variables such as potable water and toi-
lets, as well as the presence of vegetable gardens, and adds to the evidence supporting this association which is sorely 
lacking in developing countries like the Philippines.  Chronic malnutrition is an issue which must be addressed as a 
broad development issue rather than as a problem which can be solved by a solitary intervention. Solving this problem 
enables children to achieve their full potential and eventually become productive adults who will contribute to nation 
building. Nutritional rehabilitation directly contributes to Sustainable Development Goal (SDG) 2 which aims to end 
hunger, achieve food security, improve nutrition and promote sustainable agriculture. Therefore, improved nutrition is 
the platform for progress in health, education, and employment which will eventually help countries achieve true sus-
tainable development.

Keywords: child nutrition, feeding programs, WaSH

REVAMPING THE SANITATION LADDER: NEED OF A SEPARATE ECOSAN LADDER 

Bipin Poudel
Rural Water Supply and Sanitation Project in Western Nepal

Sanitation ladder is a well-established concept within the water and sanitation sector and is used to illustrate how people 
can move from simpler sanitation solutions to more advanced ones, by moving up rung-by-rung on a ladder. However, 
the sanitation ladder is too complex to understand by the local sanitation promoter and the households. There is a need 
of simplified sanitation ladder based on which the households could choice the best options that fit to their economy and 
their need. 

The latrine on the first rung is usually not considered sustainable over a longer period and needs to be replaced when 
the pit is full. For the higher rungs the requirement for skilled artisanship, technical equipment and spare parts generally 
increases and the owner needs to have access to funds to be able pay for the installation and to maintain the more fixed 
and durable infrastructure. So, there is need of revamping the sanitation ladder where all rungs propose different options 
following ecological sanitation principle. There is need of Ecological Sanitation Ladder. 

Worldwide, it is estimated that about 2.3 billion people still do not have basic sanitation facilities such as toilets or 
latrines. Most of the households lacking basic sanitation faciliities cannot afford high tech sanitation facilitiies. What 
are the options of Ecosan for the households who have no toilet but want to start a new one, what are the options of 
Ecosan for the households who want to shift from non-ecological to ecological or options for the households who want 
to upgrade not only their toilets but also their role to the ecosystem. This paper argues that the issue of sanitation and the 
solutions to it extends far beyond its mere access; any envisioned improvement in sanitation technology must strive to 
rectify the shortcomings in centralized wastewater treatment.

The WHO/UNICEF Joint Monitoring Programme for Water Supply, Sanitation and Hygiene (JMP) 2017 report intro-
duces updated water and sanitation ladders which build on established indicators and establish new rungs with addition-
al criteria relating to service levels. A third ladder has also been introduced for hygiene. This paper presents the need 
of a new model of sanitation ladder (Ecological Sanitation Ladder) based on the JMP and SDG. This paper intends to 
inspire different stakeholders and EcoSan developers, to move towards preparing a different sanitation ladder of EcoSan 
only. This paper also discusses on a simple model prepared based on the experience of Ecological Sanitation programs 
implemented across different parts of Nepal. This paper thus illustrates that simultaneous provisioning of "access" and 
"improved sanitation" through urine diversion and resource recovery can help create multiple-win scenarios especially 
in terms of health, food and water security.

Keywords: EcoSan, Sanitation Ladder, Revamp
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PROMOTION AND IMPLEMENTATION OF ECOSAN WITH CORPORATION AND CREATIVITY OF 
STAKEHOLDERS IN UNIVERSITY OF TEHRAN, COLLEGE OF AGRICULTURE AND

NATURAL RESOURCES (UTCAN)

Hasti Rezaei* Student in Tehran University and member of Ecosan Iran
Neda Abbas Nejad Lami, General Secretary of  EcoSan Iran

 
College of Agriculture and Natural Resources of Tehran University- located in Karaj, Alborz Province- is one of the 
main center of education and research about agriculture and natural resources in Iran. UTCAN, with more than 210 out-
standing scientific board members, accomplishes B.Sc., M.Sc. and Ph.D. programs. More than 4000 students currently 
enrolled in UTCAN which about 50% of them are in graduate studies.  This university includes 20 centers, institutes and 
research stations such as botanic gardens, herbariums, horticulture research stations, and vermicompost research station, 
etc. UTCAN has got 15 greenhouses which is increasing in number. Regading the above-mentioned features, this place 
has many potentials to promote and run EcoSan systems. 
This project includes 2 phases: 
Phase 1: Training and promoting of Circular Ecosan System to stakeholders.
Phase 2: Implemented processing for the preparation of compost in 4 sections: human excreta, autumn dried leaves, 
animal excreta, and nutritional wastes. 
Education and promotion of EcoSan concepts were done for stakeholders (university students, professors, greenhouse 
and farms staff, authorities, etc.) through educational workshops and meetings. 
Workshops and meetings were held in regard to use of human urine and feces to produce compost and therefore to breed 
plants. Participants’ comments and cooperation were welcomed. After constant following up, we finally succeeded in 
changing one of the restroom for those students who got interested to cooperate with us, in a way that we could separate 
human urine from feces to have this opportunity to change them into compost  for using in botanic gardens. We have a 
lot of challenges in this process. 
 In 2016, we proposed a plan to collect dried leaves in UTCAN to make use of them as green fertilizer. In 2017, this 
plan is executing. Therefore, the dried leaves were collected by sweepers, put them in big holes. They are transferred to 
workhouses to be pressed, broken and changed in to compost. 90 % to 95% of UTCAN leaves were collected and were 
used to make compost for gardens of same place. 
Excreta of farm animals and animal husbandry are used to make animal fertilizer.  While the animal fertilizer which 
are made systematically should be odorless, then the produced fertilizers were of low quality. Since the animal excreta 
should be processed for 6 to 10 months to change into fertilizer, we succeeded to convince one of the animal husbandry 
to cooperate with us. We were supposed to make use of his animal excreta to make animal fertilizer, a qualified and 
healthy fertilizer. 
In university canteen the remained food of students and professors were first transferred to aviculture. But this process 
was cancelled since it was unhealthy. 
Along with UTCAN stakeholders, we did our best to make use of the above-mentioned situations to produce green fer-
tilizer and finally to make compost in circular loop for fertilizing plants in UTCAN. 
Other Benefits of this project: 
With minimum transportation in same place( all in our university), we can “save energy” 
Since there are some universities  similar to UTCAN in our country in other cities, this project can be suitable pilot 
project in our country as a country that be will face to water critical. 
Along with Sustainable Development Goals- UN, this project considers 3 out of 17 goals of SDG directly: cleaning 
water and sanitation, good health and well- being, partnerships for the goals, and others indirectly.

Keywords: UTCAN, EcoSan, SDGs, Compost, stakeholder

Association of Persian Agenda 21(APA21) is a nongovernmental and nonprofit organization. Accordance to Article 25 of Agenda 21, 
executive cooperation youths as further professionals are crucial in accessing to sustainable development.

NATIONAL TECHNICAL STANDARD FOR CONSTRUCTION AND OPERATION OF UDDT IN MOLDO-
VA - 10 YEARS ECOSAN SUCCESS STORY FROM GRASSROOT TO NATIONAL LEVEL

Claudia Wendland, Women Engage for a Common Future, Germany
Sergiu Andreev, Wisdom, Moldova

The absence of a formalised service provider is a typical situation in rural areas in the Republic of Moldova, public 
service providers for water and sanitation are mainly active in urban areas and in larger rural communities. When it 
comes to sanitation, a major issue is the lack of alternatives to sewerage systems which require relatively high capital 
expenditure. Sewers mostly fail to work in rural areas due to a lack of funding, capacities and insufficient amounts of 
water. Therefore, poorly constructed simple pit latrines and septic tanks with soak pits are the most widely used sanita-
tion systems in rural Moldova.

For locations where sewerage is not feasible due to small water consumption / wastewater production or because in-
vestment and operation costs would be unaffordable, the Ecological Sanitation Programme was initiated where multiple 
donors and organizations supported the Republic of Moldova in implementing ecological sanitation. WECF was the 
driver raising awareness and demonstrating the feasibility of ecosan. This technology was first received with scepticism. 
However, after extensive awareness raising, trainings, site visits to existing UDDT in other countries and pilot plants 
organized by several local NGOs and WECF, people and decision makers were quick to notice that these toilets are more 
comfortable to use than the old unhygienic and uncomfortable latrines. Another advantage was the direct attachment of 
the toilet block to the school building, especially during cold Moldovan winters. 

A project which has taking the idea on is Apasan (implemented by Skat Consulting, financed by the Swiss Development 
and Cooperation Agency and co-financed by the Austrian Development Agency) upon request by the Moldovan govern-
ment which has implemented more than 50 school toilets, since 2007. 

These good experiences at the local level have informed national policy-making: a national standard (code of practice) 
on UDDT was developed in the frame of a SDC/UNECE funded project and approved by the Ministry of Construction 
and Regional Development in Moldova in 2016. The national standard explains in detail how to design, construct and 
operate UDDT for individuals and for institutions. It refers to the existing Moldovan construction norms and allows the 
local authorities to give the permit for the realization much faster.

Keywords: Ecosan, UDDT, sustainable sanitation, rural sanitation, technical standard, norm
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IMPLEMENTING A NUTRIENT RECYCLING WITH BIODEGRADABLE BABY
DIAPERS IN A CITY NEIGHBORHOOD

Ayumi Matsuzaka*, Christian Schloh

DYCLE - Diaper Cycle fundamentally changes how baby diapers are produced, used and recycled. We are pioneering 
a new upcycling system that transforms waste (diapers) into new growth (fruit trees) through the creation of fertile soil. 
In Germany alone disposable diapers amount to 500.000 tons of waste per year.
 
With DYCLE, communities of parents are enabled to change their daily routine in order to create a sustainable future for 
the next generation, turning a linear flow of materials into a circular one. Parents receive diaper inlays that can be used 
with washable and reusable outer pants. The soiled inlays are recollected and turned into fertile Terra Preta soil substrate. 
The soil substrate then is used to plant fruit trees, parents are invited to join.

Fresh inlays are provided and used ones recollected at meeting points. Suitable places could be local community centers, 
kindergartens, shops etc. Families should live more than 1 km away from the next meeting point. Next to reducing waste 
and creating new value, parents have opportunities to meet each other and exchange information, swap used clothes, 
toys, etc – thus building a community of parents.  

Until summer 2017 DYCLE has developed a 100% bio based diaper inlay, partly with the help of crowd-sourcing and 
citizen science. The materials are mainly locally available natural fibers and raw-materials that are predominantly from 
renewable resources. No parts are made from oil.

In September 2017 a first group of  parents was invited to use the newly developed diaper inlay and recollection system 
during a 4 weeks period. A neighborhood center in the Berlin district of Pankow was chosen as the meeting point for 
weekly gatherings where the parents received new inlays and brought back used ones. The meetings were used to get 
feedback on the use of the diaper inlays and also for exchange of information among the parents. 

Before the test period parents were invited to take part in the process of manufacturing the inlays to understand what 
kind of materials were used and how they were made. During one gathering an adviser on the use of cloth diapers joined 
the group to answer questions.
The amount of diapers used was monitored and parents received a small diary for note taking. After the trial period par-
ents were asked individually for feedback. 

Despite some shortcomings the general acceptance of the diaper inlays was very good. The individual feedback was 
valuable for further development of the inlay design. To adopt a lifestyle of less waste was the motivation that most 
parents shared.  

The recollection system proved to be feasible. With only natural materials used, and the additional use of charcoal pow-
der odors were no concern. For an easy participation of the families a maximum distance of 500-1000 meters from the 
collection point is beneficial.  

Keywords: nutrients, soil, circular, community, lo-tech

A BLENDED-REVENUE FINANCIAL MODEL FOR SUSTAINABLY PROVIDING URBAN
HOUSEHOLD SANITATION SERVICES 

Dr. Sasha Kramer*, SOIL; Nicholas Preneta, SOIL; Leah Page, SOIL; Erica Lloyd, SOIL

With more than half of the global population lacking access to improved sanitation, the question of how to provide safe, 
affordable, dignified sanitation options that are both environmentally and financially sustainble, even in the most chal-
lenging contexts, is of critical importance.

SOIL is a non-profit research and development organization working in Haiti to design, test, and implement social 
business models to affordably increase access to cost-effective full-cycle household sanitation services in urban commu-
nities. Over the last 10 years, SOIL has pioneered approaches to sustainable sanitation in Haiti that combine innovative 
service delivery models and new technologies with a strategic, catalytic approach to financial sustainability. 

In SOIL’s household toilet social business, EkoLakay, customers rent a toilet that is serviced by SOIL sanitation work-
ers weekly to collect the toilet wastes and deliver a fresh supply of carbon material (used for “flushing”). The collected 
toilet wastes are then transported on a waste collection vehicle to the SOIL composting waste treatment facility. Wastes 
are safely transformed into agricultural-grade compost that is sold to improve the fertility of Haiti’s soils. In addition 
to providing dignified access to in-home sanitation services, this initiative creates jobs throughout the sanitation value 
chain and increases incomes for rural farmers. 

SOIL’s EkoLakay service successfully provides low-cost, dependable, and environmentally-sound household sanitation 
in informal urban settlements (where over 3 billion people are expected to reside by 2050. Given the sheer number of 
people requiring access to these services, there is significant demand to drive large-scale replication globally. In Haiti, 
SOIL has already expanded EkoLakay to the two largest cities in the country, Cap-Haitien and Port-au-Prince, and de-
mand for toilets continues to outpace installation.

To develop a clear path to scale, SOIL is pursuing a multi-stakeholder model for financial sustainability that combines 
earned revenues (or tariffs), individual giving, corporate partnerships, results-based programs through international 
financial institutions, public sector support, and carbon credits. At either end of the service chain, SOIL applies tariffs: 
monthly service fees to households accessing the service at 200 – 250 HTG (~3.00 - 3.75 USD), and compost sales at 
300 USD per metric ton. These tariffs are close to covering the cost of sales, containment, and primary transport of the 
waste, and SOIL is continuing to research and test economies of scale, operational efficiencies, and technology innova-
tions to refine the EkoLakay model. 

However, engaging additional stakeholders beyond the consumers is essential to ensuring that safe sanitation can be af-
fordably and sustainably provided in some of the world’s most vulnerable communities. The talk will present EkoLakay’s 
blended-revenue financial model and will conclude with a presentation of possible pathways to scale with participation 
of both the private and public sectors.

Keywords: sustainability, stakeholders, container-based sanitation, ecological sanitation
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FROM ORGANIC WASTE TO VALUABLE NUTRIENT

Digi Toilet Systems Oy; Raini Kiukas, Pirjo Niemelä

Background: Plants needs nutrients to grow. At present, most of the nutrients used in fertilization have been chemically 
prepared. These chemical methods are energy-intensive processes and in many way environmentally adverse. Organic 
fertilizers, that is, fertilizers derived from living or formerly living materials could be used in many cases instead of 
chemical products. This would promote the recycling of organic wastes in a principle of sustainable development and it 
could create a completely new business model in a fertilizer trade.

Digi Toilet Systems Oy has orientated to the fast composting of organic waste fractions (DTS-method). The results 
have been very encouraging and laboratory analyzes suggest that a minimum of plant breeding ground material can be 
produced in 24 hours by composting. The method is very effective and safe; the most common pathogens seems to be 
extinguish during the composting even from the excrement. The quality of composting final products can be affected, 
and the purpose is to produce nutrient rich raw material for organic fertilizers in the future.

Methods: The DTS-method is based on a fast composting, meaning an appropriate maturation in 24 hours. The compost 
conditions have been optimized for oxygen, heat, and moisture, and in this way the function of microbial decomposition 
(system) has been maximized.The compost is fully automated and it has sensors installed to monitor the progress of 
composting process. The values of the most important variables can be monitored and adjusted remotely, thus guarantee-
ing both the composting itself and the high quality of end products. We have also affix the The DTS-method to the dry 
toilet complex and produced a new kind of closed sanitation system. With this dry toilet, humanure can also be utilized 
in the fertilizer market widely and effectively, for the very first time.

Results: With the DTS-method we have successfully treated 0-fiber, humanure, slurry and bio-waste.
Naturally, the quality of the end product depends on the composting material; composting mineralizes slurry and huma-
nure to a nutritious fertilizer, while the 0-fiber provides a good humus-containing mold. During the process the harmful 
pathogens were also destroyed. It is also worth noting that nearly 90% of the waste biomass was reduced within the 
process. By mixing waste fractions, the quality and structure of the final product was considerably affected.

Conclucion: The DTS-method produces a hygienic and nutrient rich end product from the uncomfortable organic waste. 
During the process, biomass will be significantly reduced and smelly waste will be turned into a pleasant and easy to 
handle organic fertilizer raw material. The valuable nutrients are returned to the natural circulation and at one time we 
can also ensure the availability of limited phosphorus in the future. In this focus we also promote the recycling of huma-
nure by producing a DTS-method based dry toilet complex.

Keywords: Fast composting, DTS-method, nutrition recycling, dry toilet complex, organic fertilizer
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A BUSINESS CASE OF DRY TOILETS FOR PARKS AND NATURAL PLACES IN SLOVENIA

David Kodain, Company KAKIS

In this abstract, we talked about implementing a green startup into municipalities. Slovenia is a green zone in central 
Europe with almost 60% of woods covering the country. People living in this area are very ecological oriented and open 
to ecological technologies. 

We decided to develop toilets that solve the problem of municipalities: building a toilet in the middle of nowhere is 
expensive and financially not valuable. The second problem was the availability of chemical toilets that can be put in 
places without infrastructure but they are not ecological and far away from user-friendly. The last part is that toilets 
usually are not designed to be an icon or a monument.

We took all the problems and develop a dry composting toilet where we reuse all the waste mostly on site, we offer a 
nonsmelly, spacious and well designed outdoor toilet made from weather resistant wood. 

Our first challenge was to improve the composting systems that exist on the market and made all the system on wheels 
so even the customer can quickly change the bin. The second thing was to make a stable and durable toilet that will resist 
the weather for long years. We also want that municipalities are proud of their toilets so we made a very nice design of 
toilet from the outside and even more exciting on the inside. 

We also wanted to take the waste and compost it locally. We have a network of partners taking the waste and compost 
it. We plan to reuse it as fertilizer or to make small briquets for biomass.

In Slovenia, we are on the market almost a year and we already put five toilets and this year we already have few orders 
and granted funds to grow our business. The municipalities are using tax paying money so they have to be sure what and 
how are they investing. In Slovenia, the law explicitly says that green solutions have a precedence in front of the uneco-
logical solution. That’s why our company started with municipalities even if they have a very long ordering procedure. 
Next mission is to start with renting toilets. We have a business partner in the Netherlands organizing one of the biggest 
events and they want our toilet to be developed together for their market. 

Keywords: dry toilets in Slovenia and the Netherlands, zerowaste toilets, curcular economy
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WATER, SANITATION AND HYGIENE (WASH) CONDITIONS AND ITS LINKS TO INTESTINAL
PARASITISM AND ANEMIA AMONG PREGNANT WOMEN IN THE PHILIPPINES

Rikka Allolea Casiño Laplap-Macariola (*), Gina Itchon, Maria Louella Espra
Resident Physician,  Northern Mindanao Medical Center, Department of Obstetrics and Gynecology, Philippines

Intestinal parasitic infections are still endemic in the Philippines despite efforts to reduce its prevalence.  Intestinal hel-
minthiasis is considered as one of the leading public health problems encountered in developing countries which may 
lead to a spectrum of diseases that may directly or indirectly affect an individual including pregnant women.  Unsafe 
drinking water, poor sanitation, and hygiene cause a myriad of infections especially in vulnerable members of the popu-
lation such as pregnant women.  Globally, around 2.4 million deaths could be prevented annually if everyone practised 
appropriate hygiene and had good, reliable sanitation and drinking water. Adequate sanitation not only prevents diarrhea 
but can also help to prevent parasitic infections which can further cause anemia, low pregnancy weight gain, and eventu-
ally low birth weight in babies. However, there are very few studies  in the Philippines about parasitic infections related 
to gestation especially with anemia in pregnancy. In order to bridge this gap in knowledge, the objective of this study 
was to determine the prevalence of intestinal parasitism and anemia among women aged 15-44 years old attending the 
antenatal clinic in Northern Mindanao Medical Center, Cagayan de Oro City, Philippines 

Socio-demographic profile including age, obstetric history, marital status, educational attainment, and intake of iron 
supplements were obtained during patient interview. Blood samples were collected from the pregnant women on their 
first prenatal visit. The samples were then processed and examined for Complete Blood Count and haemoglobin levels 
were noted. Pregnant women who had haemoglobin levels of less than 10.5 g/dL were then considered Anemic. Fecal 
samples were also collected from the pregnant women, processed and examined for presence of any ova in their stools. 
The data gathered were encoded and processed .  Then, the data were subjected to odds-ratio analysis using SPSS sta-
tistical software. Confidence interval of 95% was used.

The results of this study showed significant associations between the prevalence of intestinal parasitism and anemia 
among the pregnant women attending antenatal clinic in Northern Mindanao Medical Center. Therefore, this study rec-
ommends that stool exams for the detection of intestinal parasites should be part of  routine laboratory examination for 
all pregnant women in low- and middle-income contries.  It is further recommended that water, sanitation and hygiene 
(WaSH) conditions among pregnant women be made part of the standard health record, in order effectively address ane-
mia in pregnant women and to prevent small for gestational age (SGA) or underweight babies.

Keywords: anemia, parasitism, pregnancy
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CHILDREN’S PARTICIPATION IN INCLUSIVE INNOVATION PROCESS USIN
 HUMAN RIGHTS BASED APPROACH AND DESIGN THINKING

Annika Launiala (PhD), UNICEF Finland* and
Stella Neema (PhD) Department of Sociology and Anthropology, Makerere University, Uganda  

Girls and boys face persistent challenges in their every life in many developing countries.  These issues affect negatively 
to their wellbeing and opportunities in life. In the recent years there has been a growing trend to find new innovative 
solutions to solve these multifaceted, complex and persistent issues by applying new kind of participatory methodolo-
gies such as design thinking and co-creation engaging partners with various kinds of backgrounds. 
The purpose of this paper is to share lessons learned from a multi-partnership project (UniWASH) aiming to enhance 
girls’ and boys’ right to water, sanitation and hygiene in rural Uganda through creation of sustainable inclusive WASH 
innovations. The objective of this paper is two-folded:  1) to elaborate the applicability of combined use of human rights 
based approach (HRBA), design thinking and co-creation as methodologies to engage school children in the inclusive 
innovation process and 2) to suggest minimum level criteria for meaningful participation of children in the process. 

UniWASH was a UNICEF led project (2012 – on going) in collaboration with Universities from Uganda and Finland, as 
well as, with private sector. The project’s overall aim was to bridge the gap from early prototyping activities in WASH 
(inventions) to implementable human rights based innovations, to be used in Ugandan schools. University students 
participated in the project through collaborative work on different WASH challenges, partly working from their own 
campuses and partly by engaging with each other and Ugandan school children during field missions in the Gulu district 
of northern Uganda. Key approached to ensure meaningful participation of school children in the inclusive innovation 
process were HRBA, design thinking and co-creation methodologies. 

This paper is based on a qualitative research. Semi-structured interviews were carried out with Ugandan and Finnish 
university students (20), key informants at the District level (6), school (12) and community levels (15). In addition 
13 focus group discussions (FGDs) with male and female school children at four primary schools that participated in 
UNIWASH project in Northern Uganda. To supplement the primary data, comprehensive UniWASH project documents 
review was carried out. Qualitative thematic content analysis was used to analyze the data. The authors have both par-
ticipated in different roles in UniWASH project. 

Key results were as follows: 1) HRBA, designing thinking and co-creation contain similar factors and ideas related to 
meaningful participation but they differ fundamentally in the philosophical and theoretical basis. 2) Utilization of design 
thinking allows engagement of different kind of partners without negative and stereotypical connotations often relat-
ed to participation in development. However, one needs to be aware of the limitations of design thinking in inclusive 
innovation process 3) Application of HRBA throughout the innovation process is challenging and one may argue, not 
even purposeful. Instead minimum level criteria regarding utilisation of HRBA is required. 4) Innovation process needs 
to be built on meaningful participation by end users (right holders), but achieving results for children is a long process 
involving many kinds of duty-bearers ranging from development partners to government representatives and businesses. 

Keywords: design thinking, human rights based approach, children’s rights, innovations, development co-operation 
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PROMOTING SUSTAINABLE SANITATION IN CHINA:
ACTION, CONCEPT TRANSFORMATION AND LESSONS-LEARNED

Shikun Cheng*, Zifu Li, Heinz-Peter Mang

School of Energy and Environmental Engineering, Beijing Key Laboratory of Resource-oriented Treatment of
Industrial Pollutants, University of Science and Technology Beijing, China

Providing reliable and affordable sanitation facilities is a challenge in many parts of the world, while, sustainable sanita-
tion recognizes that in order to be sustainable, a sanitation approach must be socially acceptable and economically via-
ble. In 2008, China Node for Sustainable Sanitation (CNSS) was founded under the auspice of Stockholm Environment 
Institute to promote sustainable sanitation in China. In the early stage, deep-rooted concept for sustainable sanitation is 
based on resource recovery. CNSS promoted different kinds of sanitation facilities, especially urine diversion dehydra-
tion toilet (UDDT). After the failure of China-Sweden Erdos Eco-Town Project, which was designed to promote pre-poor 
sanitation solutions by developing and disseminating evidence-based research, it came to the mind that resource-orient-
ed sanitation is not the ideal solution for urban areas in China, if something is neglected - social acceptance. Sustainable 
sanitation is an approach that considers sanitation holistically. People-centered sanitation should be the mainstream in 
the future. In 2013, the Bill & Melinda Gates Foundation announced the Reinvent the Toilet Challenge (RTTC) - China 
to support Chinese investigators to drive research, development, and production of the “next generation toilet.” Proto-
type to market product is the core for RTTC. Evaluation criteria should be established for the last gap to market. In recent 
years, China is experiencing a “top-down” and step-wise nationwide campaign, named “toilet revolution”. Even if toilet 
revolution was firstly launched at tourism sector. However, it should be extended to toilet retrofitting in rural areas, es-
pecially for non-sewered sanitation systems. Over time, people are aware that toilet revolution is not just about making 
toilets more comfortable and clean. It requires concerted efforts from many governmental departments and needs to ad-
dress not only technology implementation, but also social acceptance, economic affordability, maintenance issues and, 
increasingly, gender considerations. Lessons can be learned for Chinese scenarios. First, people-centered concept is of 
essence for sustainable sanitation, then resource recovery from human excreta and wastewater can be achieved. Second, 
robust “top-down” government support at all levels is indispensable for promoting sustainable sanitation at present in 
China. The self-sustaining models without subsidy are not realistic in many cases. Third, overall evaluation mechanism 
should be built up to fill the gap between prototype and market products. Forth, the non-sewered sanitation systems are 
crucial to toilet revolution, which can provide solutions for non-sewered areas. 

Keywords: toilet revolution, people-centered sanitation, resource-oriented, China
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ECONOMIC AND ENVIRONMENTAL POTENTIAL OF ECOLOGICAL SANITATION WITH URINE 
SOURCE SEPARATION: THE CASE OF PERI–URBAN AREA OF CHUNGA IN LUSAKA, ZAMBIA  

Elijah Ngumba*a, James Nyirendac, Johanna Maldonadob and Tuula Tuhkanenb
a Jomo Kenyatta University of Agriculture and Technology, Department of Chemistry, Nairobi, Kenya

b University of Jyväskylä, Department of Biological and Environmental Science, Finland 
c The University of Zambia, Department of Chemistry, Lusaka, Zambia

Ecological sanitation has attracted a great deal of attention in the last three decades due to the associated benefits in 
nutrient recovery, energy conservation and pollution control. Additionally, source separation has a great potential of 
sequestering anthropogenic organic compounds such as pharmaceuticals largely excreted trough urine. The presence 
of pharmaceuticals in the environment has been associated with negative effects to the ecosystem and human health 
including propagation antimicrobial resistance, toxicity and endocrine disruption. More critical concern is the fate of 
pharmaceuticals in developing countries urban areas that are often characterized by relatively high disease burden, high 
pharmaceutical consumption and inadequate or complete absence of wastewater collection and treatment facilities. 

This study focused on the occurrence of antibiotics and antiretroviral drugs in source separated urine (SSU), groundwa-
ter, surface water and wastewater in the  peri–urban area of Chunga in Lusaka, Zambia. To establish the concentrations 
of the selected pharmaceuticals in this locality, groundwater samples were collected from shallow wells and boreholes in 
Madimba and Chunga residential areas, surface water were from the Chunga River, wastewater from Matero wastewater 
stabilization ponds and SSU from urine diverting dry toilets in Madimba and Chunga residential areas. The samples 
were extracted and quantified by solid phase extraction and liquid chromatography tandem mass spectrometry.  High 
concentrations of up to 12.8 mg L-1 in source separated urine, 55.8 µg L-1 in wastewater effluents and 49.7 µg L-1 in 
surface water were measured. However, the pharmaceuticals were only sporadically present in groundwater with a max-
imum concentration of 0.9 µg L-1 despite the high number of pit latrines in close proximity to the shallow water wells. 
The high concentrations in surface water were primarily as a result of direct discharge of untreated domestic waste and 
discharges from the wastewater treatment plants. The concentrations detected in groundwater were relatively low imply-
ing that a significant amount of the pharmaceuticals were sorbed and/or degraded in the soil column. From the results of 
this study, the following critical areas of consideration will be discussed: (i). What is the environmental significance of 
the measured pharmaceutical concentrations in the studied matrices? (ii). What is the role of urine source separation in 
mitigation of environmental contamination by human pharmaceuticals? (iii). What are the anticipated risks and oppor-
tunities in the use of SSU containing high pharmaceutical concentration as fertilizer? 

Keywords: source separated urine, pharmaceuticals, groundwater, surface water, wastewater
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SUSTAINABLE SANITATION SOLUTIONS: PRACTICAL APPROACHES TO ADDRESS
GENDER EQUALITY AND MENSTRUAL HYGIENE MANAGEMENT

Martina Nee*; Chelsea Huggett*

Global efforts to achieve SDG 6 requires a focus on gender. Target 6.2 is “to achieve access to adequate and equitable 
sanitation and hygiene for all, end open defecation, paying special attention to the needs of women and girls and 
those in vulnerable situations”. Goal 5’s target to “end all forms of discrimination against all women and girls every-
where” cannot be achieved without WASH efforts to shift harmful gender norms. These goals present an opportunity 
and requirement for sanitation practitioners to integrate gender transformation into ‘everyday’ sanitation efforts. The 
quality and depth at which sanitation programming meets women’s practical needs varies, and seldom goes further to 
influence broader gender change, such as women’s leadership. Sanitation practitioners need practical strategies and 
tools, as well as continuous learning and knowledge sharing in order to design, implement, monitor and advocate for 
sanitation approaches and solutions that contribute to transformative gender outcomes. Sanitation policy-makers also 
need robust evidence and cross-sectoral expertise to enable women and men to realise their WASH rights, to allocate 
necessary financial and human resources and adopt gender-mainstreaming approaches.

WaterAid integrates practical approaches into sanitation efforts to address:
 - Women’s practical sanitation needs - such as managing menstruation hygienically, privately and with accurate
   information; and
 - Women’s strategic interests: by empowering women as leaders and entrepreneurs, and engaging men and boys in un-
derstanding gender issues and rights.

To address women’s practical sanitation needs, WaterAid addresses menstrual hygiene management (MHM) through 
cooperation with health, education and other actors. In Timor-Leste and Papua New Guinea, our MHM education pro-
grammes have developed practical tools and strategies for sanitation practitioners. These include Information, Education 
and Communication (IEC) materials for girl students, accessible designs for school toilets, sports curriculums to educate 
students,, and partnerships with sexual and reproductive health practitioners. To address women’s strategic interests in 
TimorLeste, WaterAid addresses gender issues on household and community level through integrating dialogue sessions 
with women and men in WASH programmes. Furthermore, WaterAid has developed a ‘Gender Dialogue Facilitators 
manual’, which is a series of practical activities which can be integrated into CLTS (Community Led Total Sanitation) 
processes, and scaled up.

Key results and learning in addressing MHM include:
 - Girls at school report that they are feeling more able to concentrate on learning
 - Girls and boys have improved knowledge of MHM
 - WASH staff and partners are integrating MHM into community and school WASH efforts with more confidence
 - MHM requires holistic cross-sectoral solutions across sexual reproductive health, WASH, education sectors

Key results and learning in addressing strategic gender interests have included:
 - Timor-Leste government is integrating the gender facilitators manual into national CLTS guidelines
 - Partners and staff have a deeper understanding of gender inequality, and are training other sectors
 - Practical and context-specific tools have been developed to raise awareness and address gender issues
 - Women are reporting that men are taking on more household work
 - Gender is a long-term commitment and requires on-going mentoring and real-time coaching or action learning

Keywords: Menstrual health, Gender, Equality
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ECOSAN BREAKING BARRIERS:
AN OPPORTUNITY TO ADDRESS MENSTRUAL HEALTH AND GENDER EQUALITY

Lydia Chibambo
Network for Environmental Concerns and Solutions-Lusaka, Zambia

Menstruation is a monthly challenge for billions of women and girls worldwide. According to World Health Organisa-
tion (WHO), on any given day, more than 800 million girls and women between the ages of 15 and 49 are menstruating. 
During a woman’s menstrual cycle, blood will inevitably enter the urine and faeces chambers when she is using the dry 
urine-diverting toilet. However, this organic material poses no threat to the sanitising or composting process in either 
the urine or faeces chamber nor to its future use as agricultural fertilizer or compost. The problem is purely an aesthetic 
one and the shame experienced. Non-biodegradable materials, such as tampons and sanitary pads, should not be left in 
the faecal chamber and visible traces of faeces or menstruation blood must be removed.

Challenges with menstruation go beyond practical management to issues that affect the girl/woman and her role in the 
community. Menstrual health is an encompassing term that includes both menstrual hygiene management (MHM) as 
well as the broader systemic factors that link menstruation with health, well-being, gender, education, equity, empower-
ment, and rights. Boys also do not receive menstrual health education. Girls are often separated from boys for targeted 
education sessions on menstruation and trainings on product usage. To break this barrier, an Ecosan 3 years Innovation 
Sanitation for Peri-urban Areas (InSPUR) was implemented in Lusaka, Zambia with support from Global Dry Toilet 
Association of Finland and provided an opportunity to address the barriers and gaps as the project shows that female 
parents often do not feel comfortable discussing puberty, menstruation.

The paper discusses how few governments, corporations, or NGOs are looking at menstrual health as a systemic prob-
lem, and thus, they are missing the opportunity to address the problems sustainably and at scale. Rigorous evaluations of 
menstrual health programming to understand what works and is replicable at scale have been limited. Menstrual health 
is a cross-cutting issue that affects girls’ and women daily lives and future development. Efforts to address the needs of 
women and girls and their community members need to consider the holistic approaches to managing the complex and 
cross-cutting nature of their needs. 

The presentation will also attempt to share the experiences from the past 3 years’ journey of dry sanitation through (In-
SPUR) 2014-2016 project. Investing in scaled solutions to MHM that include both boys and girls is an issue of dignity 
and a fundamental right. Access the “window of opportunity”: Investing in research and interventions that target vul-
nerable girl, provide a unique opportunity to access and set them on a path to an empowered, healthy, and fulfilling life. 

Keywords: Equality, Gender, Menstrual health, Woman, Girl
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SOCIAL AND CULTURAL ASPECTS OF MENSTRUAL HYGIENE MANAGEMENT AMONG
SCHOOL GIRLS: A STUDY FROM BAJHANG DISTRICT OF FAR WEST NEPAL

Pallab Raj Nepal*, Sushil Prasad Subedi
MIS Specialist, Rural Village Water Resources Management Project Phase III, Nepal;

and PhD student: Sai Nath University, Jharkhand, India

A cross-sectional study was conducted to identify the social and cultural aspects of menstrual hygiene management 
among school girls. The study covered 213 girls of 52 schools from the Rural Village Water Resources Management 
Project’s working area in Bajhang district of Far West Nepal. Purposive sampling was used for school and student se-
lection, followed by carrying out direct interviews for primary data collection. The sample covered girls of different age 
groups from class 6 to 12, and female teachers of the schools. Menstrual hygiene management is a critical aspect to be 
addressed in order to identify sustainable solutions for total sanitation. On the other hand, the menstrual hygiene issue 
is deeply rooted in social and cultural behaviour. Hence, the study accessed the current practices, social and cultural 
behaviour on menstrual hygiene issues among school girls and female teachers within school units. The study also tried 
to link the findings with the Sustainable Development Goals (SDGs), especially: SDG 4: Ensure inclusive and equitable 
quality education and promote lifelong learning opportunities for all, SDG 5: Achieve gender equality and empower all 
women and girls, and SDG 6: Ensure availability and sustainable management of water and sanitation for all.

According to the findings, 34% revealed that they are not allowed to stay regular room / home and 24% girls are hurt 
that they are not allowed to visit their kitchen. 7% menstruating girls revealed that they are not allowed to use toilet that 
they were regularly using. Similarly, most of the girls explained that the belief behind that disparity is “God will be an-
ger” so they are not allowed to visit temples and worship their own god. Based on the findings, the result demonstrates 
the importance of menstrual hygiene management in the school environment and advocates to address policy level 
interventions as well amplifies its evidences to the WASH sector actors, school going girls’ parents as well as school 
management, to prioritise menstrual management in order to respect girls’ dignity. A favourable environment will sup-
port girls’ rights to get appropriate education and personal development opportunities, empower women and support the 
sustainable total sanitation – eventually contributing to the SDGs.

Keywords: Menstrual hygiene management; total sanitation; school WASH; Sustainable Development Goals

PRE-CONFERENCE POSTER SESSION 1

POSTER SESSION 1

Thursday 24.8.
12:30-13:15
Kuivaamo

Author Title
Emmanuel Mutamba Confronting waterborne disease risk environments – The 

case of Nyimba Island fishing camp, Zambia

Obed Kawanga Ecosystem Based Approach in the Implementation of Dry 
Sanitation in Madimba

Gerryshom Munala Last mile connection approach: Connecting informal settle-
ments to water infrastructure

Obed C. Kawanga Dry Toilets Utilization in Addressing Climate Change Vulnera-
bility in Madimba

Feyera Kebede Hundesa Household-Level-Sanitation-Practice- of -Mothers’   in  Asso-
sa  Zone, Benishangul Gumuz Regional State,Western Ethio-

pia

Shreerendra Prakash 
Pokharel

Promotion of dry urine diverting (eco-san) toilets in rural Ne-
pal – results, technical development and challenges

108 | DRY TOILET 2018 DRY TOILET 2018 | 109 



CONFRONTING WATERBORNE DISEASE RISK ENVIRONMENTS –
THE CASE OF NYIMBA ISLAND FISHING CAMP, ZAMBIA

Emmanuel Mutamba
Green Living Movement (GLM), Lusaka, Zambia

Sanitation heath is one of the pressing challenges in Zambia. Experiences of waterborne diseases, mainly cholera, dys-
entery and typhoid are an annual feature in Zambia especially during the wet season. This is more pronounced in flood-
prone areas. Such areas often have limited sanitation options. The traditional pit latrines do not fit in such environments 
due to flooding and potential flow of toilet waste into the surface and underground water systems upon which people 
depend for drinking water. Dry toilets therefore provide an alternative approach to avoid the disadvantages of conven-
tional waste and water management systems. 

Nyimba Island, located on the Kafue flats in Monze District in Zambia is one such area prone to annual outbreaks of 
diarrhoea diseases. The Island has an estimated population of three thousand (3000) people whose main occupation is 
fishing. The Island has only five (5) conventional pit latrines. 90% of the population practice open defecation in open 
spaces and on water. The local health post receives an avarage 10 diarrhoa cases per day..

The ZDSCP proposed to employ a participatory situational appraisal approach to engage the community in learning, 
analyzing and understanding their sanitation situation. This approach helped to challenge the community members to 
take responsibility and change their attitudes towards sanitation. It also helped the community to realize its immense 
capacities and opportunities to improve the situation and ultimately reduce incidences of diseases and premature deaths. 
This realization influenced community decision to experiment the dry sanitation concept.

The objective of the dry sanitation intervention on Nyimba Island is to reduce incidences of diseases and improve com-
munity health and the environment. 

The Zambia Dry Sanitation Country Programme (ZDSCP) initiated a sanitation and environmental improvement project 
in 2017. Nyimba Island is one of the three ZDSCP sites in Zambia. The proposal to implement the project on the Island 
was arrived at after a request by local government authority in Monze district to Global Dry Toilets Assooction of Fin-
land (GDTF) to consider the dry sanitation option on the Island. The participatory baseline assessment of the sanitation 
situation subjected the community to self critique, learning and understanding the sanitation situation on the Island and 
how it related to poor health.

The project also realized the need to create partnerships from inception of proposed interventions. Hence, other than 
the local government authority, the Department of Health and local media were part of the initial learning and solution 
finding processes.

The intervention resulted in increased understanding among local community members of the health and environmental 
cost of poor sanitation. The Island inhabitants, armed with sanitation health knowledge took a collective decision to 
experiment the ecological sanitation concept.

Keywords: Health, Participation, Partnerships, Environment
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ECOSYSTEM BASED APPROACH IN THE IMPLEMENTATION OF DRY SANITATION IN MADIMBA

Obed C. Kawanga*, Central Statistics Office, Environment Section and
Tsoka Phiri, Network for Environmental Concerns and Solutions (NECOS)

The Dry Toilets (DT) are sanitary facilities designed fundamentary as an Ecological, Economical and Sustainable Sani-
tation (EcoSan). EcoSan is a sanitary technology which consists of sanitary options regarded us environmentally friend-
ly and economically sustainable with a special provision to contain or conserve human excreta to lender it safe for re-
use. This sanitary technology separates urine from fecal matter and it does not need any water to operate effectively. The 
dry sanitation systems (dry toilets) are being adopted as one of the appropriate, alternative sanitation options in different 
types of geo-physical environment of Madimba peri urban community and are being implemented through Ecosystem 
Based Approach (EBA). 

The main objective is to determine the effectiveness of Ecosystem Based Approach in the implementation of ecological 
Sanitation (Dry Toilets) in the different geo-physical ecosystem of Madimba peri urbn settlement. Network for Environ-
mental concenrns and Solutions (NECOS) a local Non Governmental Organization has been implementing dry toilets 
project in Madimba using the Ecosystem Based Approarch with financil support from it partiner  Global Dry Toilets 
Associations of Finland.

The method employed was systematically stratified sampling based on the number of households with dry toilets in 
three different geo-physical ecosystem of Madimba peri urban community.  The result shows that Dry toilets are proved 
to be suitable in such types of environment, prevailing in Madimba as it prevents fecal contamination of ground water 
sources. It is also envisaged that the dry toilets are being used by all age groups, especially those who are located in 
water logged and rock outcrop ecosystems of Madimba peri urban community as it is not serviced with the conventional 
sewer network.

The study obtained information including demographic characteristics, social-economic, environmental health benefits 
of dry toilets and types of sanitary facilities commonly used from key informants in the three geo-physical ecosystems 
of Madimba community. Madimba peri urban settlement has three (3) geo-ecosystems namely (i) water lodged referred 
as category C, (ii) rock out crop as category B and (iii) low water table as category A, from which the frame of dry toilet 
households sampled ad selected as informants.  

The lesson learnt is that the utilization of Dry Toilets as a Sanitary Facility (SF)- can contribute to the prevention of 
ground water contamination and this cannot be over emphasized. It is further learnt that adequate knowledge on the pre-
vailing geo-physical ecosystem is essential in assisting in the planning for the appropriate interventions to up scale the 
project implementation. It will also assist in choosing appropriate sanitation facilities suitable for different geo-physical 
ecosystems. The paper wta will be used to inform communities on the social-economic and environmental health related 
benefits of dry toilets. Researchers and decision makers will be informed too.

Key Words: Ecosystem-Based Approach, Dry-Sanitation, EcoSan- Sustainable, Peri-Urban
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LAST MILE CONNECTION APPROACH:
CONNECTING INFORMAL SETTLEMENTS TO WATER INFRASTRUCTURE

Raude, J.M and Munala, G.K
Jomo Kenyatta University of Agriculture and Technology

Most informal settlement residents are at times forced to make a choice between drinking water from a suspect source 
or buy a daily supply of water from distant sources. The last mile connection infrastructure improvement project has 
been providing water connections to the vulnerable informal settlement residents in Kenya’s Kibera slums. The project, 
a partnership between the service provider and the slum community has proved to be a success story. The objective 
is to improve water access and availability to the informal settlements resulting to increased access to social services. 
Through the project, reticulation systems were expanded to previously unserved and poorly served areas bringing crit-
ical water closer to the residents. Improved sanitation, the environment and access to water for basic hygiene are some 
of the benefits accruing from the project. Though access to treated water has improved, a survey conducted reveals that 
the cost of water for the poor still remains high in comparison with water provided by the main service provider because 
of irregular pricing practices that have resulted from individual profit-oriented cartels that have sprung up, curtailing 
competition that would have brought down the water prices. To sustain the benefits accrued, the study does not favour 
up-scaling of individualism but promotes a community outfit, for instance a cooperative that will have wider impact and 
spread public benefits to a wide population.

Keywords: Informal settlement; Last mile; Sustainability; water infrastructure

DRY TOILETS UTILIZATION IN ADDRESSING CLIMATE CHANGE VULNERABILITY IN MADIMBA

Obed C. Kawanga*, Central Statistics Office, Environment Section and
Tsoka Phiri, Network for Environmental Concerns and Solutions (NECOS)

Climate Change vulnerability is a new form of marginalization that intensifies Peri Urban Poverty (PUP) and in equality. 
Therefore, building climate change adaptive and resilient cities requires better planning as well as better urban water and 
ecological sanitation infrastructure for effective service provision (Joan Close-Habitat 2010). Observational evidence 
from all continents and most oceans shows that many natural systems can be affected by Climate Change, particularly 
temperature increases, Eco-hydrology and different agro-ecosystem zones (IPCC, 2007). This is why cities and munici-
pal governments must act urgently to reduce the vulnerability of urban residents and infrastructure to manage the direct 
and indirect impacts of Climate Change. 

This paper presents a question as to why Dry Toilets utilization in addressing the related risks of climate change vul-
nerabilities in the peri urban settlements of Madima and anticipated impacts on various water and sanitary technologies 
provide reversal aspects of urban climate change vulnerabilities.

The main and general objective is to provide the revesal aspecta of urban climate change vulnerabilities through the ut-
lization of ecological sanitary facilities (Dry Toilets)  which will directly or indirectly provide revesal solutions to urban 
climate change vulnerabilities.

Basing on the methodology of longitudinal action oriented adaptive field work for the period of nine years (2008 to 
2016), the paper aims to demonstrate that, getting started on Climate Change adaptation and resilient are necessary and 
possible for any city to come up with appropriate urban adaptation opinions, which can directly or indirectly reduce 
climate change vulnerabilities among the urban poor. The paper will further explore on the challenges and opportuni-
ties of urban adaptation in Madimba, a peri urban settlement with more than 6,000 populations. The paper will share 
the impacts of Climate Change on water resources in this community and the strategies for decision making from the 
international and local perspectives. This paper will also provide programmatic technical and policy recommendations 
for urban climate response strategy for such communities in Zambia. It will also discuss the sector-based approaches to 
issues, relating to local governance of the commons for sustainability. 
   
 In conclusion, the paper will outline the main adaptation strategies required in the peri-urban settlements by stakehold-
ers that include Lusaka City Council. Lusaka Water and Sewerage Company, Water Trusts, NGOs and many more. Key 
information resources for Zambia and a summary of ongoing Climate research will be finally shared. 

Keywords: Dry-Sanitation, Climate- Change,Urban Resilience, Vulnerability, Poverty

112 | DRY TOILET 2018 DRY TOILET 2018 | 113 



POSTER SESSION 1 POSTER SESSION 1

HOUSEHOLD-LEVEL-SANITATION-PRACTICE- OF -MOTHERS’   IN  ASSOSA  ZONE,
BENISHANGUL GUMUZ REGIONAL STATE,WESTERN ETHIOPIA

Feyera Kebede Hundesa
COWASH  Sanitation and Hygiene Specialist

Provision of good and consistence service and how sanitation and hygiene are practiced plays an essential role in pro-
tecting human health through the prevention of communicable diseases. The aim of this research was to understand 
better the household level sanitation and hygiene practices of mothers and identify factors to improve the service pro-
vision in seven districts of the Assosa Zone, Benishangul Gumuz Regional State, Western Ethiopia. The research was 
conducted using community based cross-sectional study design. A total of 634 (317 urban and 317 rural) mothers were 
purposefully selected for the study. Data on ……was collected using structured questionnaire and entered into SPSS 
version 20.0 for analysis. Descriptive statistics were computed and logistic regression model was used to identify factors 
associated with outcomes. Out of the total 634 mothers, 68.0% reported that they share latrine by two or more house-
holds; while 14.0% were without toilet facility. The types of available toilets were pit latrines with concrete slab (76.9%) 
and remaining 23.1 % of toilets were without a slab . The mothers who had no toilet facility reported that they use bush/
backyard/ field for defecation. 64.8% mothers disposed their children’s faeces in the pit and 26.8% of them throw it on 
the field. 31.04% of the rural mothers use dry toilets (use of urine and excreta for composting purpose). 12.5% mothers 
used improved sanitation practice (safe use of excreta & urine, hand washing, waste disposal & management). 44.2% 
of mothers reported that they wash their hands at all five critical times (after defecation, after cleaning child, before 
cooking/preparing food, before eating /meal, before feeding a child) using water and soap/ash whereas 55.8% wash their 
hands in mixed practice (either using water only or water with soap/ash).The study revealed that ethnicity, presence of 
hand washing facility near the latrine, and protection of source had significant association with sanitation practice, but 
religion, educational status, hand washing after defecation by water/soap/ash and washing the container before water 
collection were not significantly associated with sanitation practice. It is obvious that only the escalation of basic latrine 
coverage and awareness creation alone cannot improve the sanitation practice. It is therefore important to scale up new 
affordable sanitation technologies together with financing options and promotion activities in order to achieve change 
in practiced sanitation.

Keywords: sanitation practice, mothers, household level, dry toilet

The author was born on January 12, 1984 in West Shewa Zone Ambo woreda in Oromia Regional State. He attend-
ed Primary School at Goro sole Primary school and completed his Secondary School Education at Ambo General 
Secondary and Preparatory School. Later, he joined Addis Ababa University Faculty of Science graduated with BSc 
Degree in Applied chemistry in August, 2006. After his graduation he was employed in Benishangul Gumuz Region-
al State in Assosa Zone Bambasi Woreda Water office. After four year service he joined Benishangul Gumuz Water, 
Irrigation and Energy Resources Bureau as Regional Water Resource management Director in 2010. After six consec-
utive years of service, he was transferred to COWASH Project BG Regional Support Unit as COWASH Sanitation & 
Hygiene Specialist in October 2017.

PROMOTION OF DRY URINE DIVERTING (ECO-SAN) TOILETS IN RURAL NEPAL –
RESULTS, TECHNICAL DEVELOPMENT AND CHALLENGES

Shreerendra Prakash Pokharel
THE SEWA Nepal

This paper presents ideas and experiences of the author on promoting ecological sanitation (Eco-san) in rural Nepal, 
starting from 5 households in Darechowk Village to  the establishment of the first Eco-san resource centre in Nepal. 
The centre has been working since 2009 in Chitwan district and is successfully delivering its services to line agencies/
departments of the government of Nepal, several I/NGOs, the eco-tourism sector and interested communities in many 
parts of Nepal. After declaring the VDC as an Open Defecation Free (ODF) zone, 47% (764) among the total households 
of the VDC are using urine collected from the urine diversion toilets as fertilizers for the crop production and hence 
improving their livelihoods. On average, people of Darechowk Eco-san village are selling their vegetable products at 
150,000 rupees (equivalent 1500 Euros) annually.
A breakthrough was made when Darechowk School adopted a school-led community sanitation programme promoting 
eco-san as a solution for this active rural community that produces vegetable and oranges. The villagers are saving huge 
amounts of energy in terms of getting fertilizer without energy, thus, also protecting the environment. For creation of the 
Eco-san village, the credit goes to the Resource centre, school level eco-clubs, school management committee members, 
school staffs and the local motivated users. Since it is an open resource centre on Eco-san, many visitors including the 
prime minister of Nepal have visited. Similarly many researchers and expert groups from various countries like Bhutan, 
Myanmar, Korea, Pakisthan, Norway, Sweden and Holland have visited the centre and the eco-san village. A Swiss stu-
dent has completed her Master's Degree internship at the Eco-san village on 2012. On 2014 a student from Norwegian 
University of Life Sciences has completed her Master thesis with excellent results. 
The center has been supporting the villagers surrounding its location in several ways. It has collected and distributed 
urine from many functions and festivals: 7000 liters of urine from Chitwan festival, 4000 litres from Chitwan ODF 
festival. 
 The services of the resource center are not limited to Darechowk. Its strategic location on a crossroads in central 
Nepal, has allowed expanding its services all over Nepal. It is providing capacity building trainings seminars contribut-
ing to better sanitation and resouce utilization as well as reduction in open defecation (ODF), 
After attending 5th dry toilet conference in Finland, the author had the opportunity to give a presentation in Rotary club 
of As Norway. As a result Rotary is now going to support implementation of an innovative roadside toilet as well as 
improved sanitation in a local school. 

This paper focus on the sustainability as well as hygiene practice in the eco-san model. Challenges of implementation as 
well as new and improved approaches and technologies will be presented including an innovative toilet pan which will 
facilitate promotion of eco-san activity.

Keywords: ecological sanitation, Urine diverting dry toilets, ODF, Advocacy, resource centre

Biography: I worked as headmaster in local secondary school in my village Darechowk for 22 years. I had the chance 
to learn ecological sanitation from a training organized by WHO and was very inspired and initiated ecological sanita-
tion in my local community. Now I am working full time for promotion of ecological sanitation in Nepal through NGO; 
”THE SEWA Nepal” and maintaining my home community, Darechowk, as the ecological resource and learning center. 
This work  has been recognized by Nepal and many international experts have and students have visited.the learning 
center in Darechowk.
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MOBILE TOILETS: A LOW – TECH SOLUTIONS IN URBAN ENVIRONMENT

Bikash Shrestha*; Anima Shrestha
Environment and Development Organisation, Lalitpur, Nepal

Public toilet plays an important role in city's sanitary condition, public health and beauty. They form an important 
component of the city's public places where people's mobility is much and population density is high. Considering the 
difficulties people face due to lack of public toilets, a mobile toilet was designed, built and operated by Environment 
and Development Organization in Gwarko, a busy urban area situated in Lalitpur Metropolitan City.  It is one of low 
technology environmental friendly sanitary solution in which human urine and feces are collected separately and are 
used as valuable resources for agricultural sustainability. Agriculture is the major sector of Nepalese economy. The 
heavy use of chemical fertilizers may reduce the soil fertility and human health as well. Thus, the increased use of natu-
ral fertilizers could have positive impact on both farming and health of people. Urine contains various elements such as 
nitrogen, phosphorous and potassium necessary for the plant growth. The mobile toilet was designed in a truck in which 
urine and faeces can be collected separately for the use in agricultural field which is fruitful from both environmental 
and economic point of view. After the tank is filled, the feces collected were buried in the land which was later used as 
compost material. The use of urine in compost increases degradation rate of compost and enhances its nutrient content. 
The liquid waste were collected and then used in the organic farmland in Harisiddhi, a peri-urban area which is close 
to the mobile toilet and market for the vegetables as well.  It was found that production of vegetables was increased 
than before, and off-seasonal vegetable production was also possible because after using urine as fertilizer mixed with 
water even less amount of water was sufficient for irrigation during dry season as well. Mobile toilet was also found to 
be highly effective as there is lack of public land to build public toilet in the urban areas, where as waste produced from 
these toilets are being used as a valuable resource for farming in peri-urban areas where resources for natural fertilizers 
are scarce but demand for agricultural produce are high. This situation proved to be beneficial for mobile toilet operation 
as well because use of human excreta in farmland solved the problem of dumping the waste collected in mobile toilet as 
there is no specified procedure and place suggested by metropolitan for waste disposal.

Keywords: Mobile toilet , population density, soil fertility
 

ADVOCACY MANUAL ON ECOLOGICAL SANITATION TOILETS 

Ms Bukola Babalobi*, Babatope Babalobi 
Bread of Life Development Foundation, Lagos, Nigeria

Background
The use of Ecological Sanitation as a safe sanitation solution is yet to be widely adopted in Nigeria by stakeholders 
including governement agencies, the private sector, civil society, media, or households. This is  inspite of the potential 
of Ecological Sanitation in addressing Nigeria’s rural and urban sanitation challenges.  Open defecation is still practised 
by about 35m Nigerians, and up to 105m (over half of the population) do not have access to safe sanitation services.

Factors responsible for the very low adoption and use of ecological sanitation options include ignorance, low visibility 
of ECOSAN, reluctance to change, lack of needed policy, regulatory, institutional, and legislative reforms for  promo-
tion and adoption of  ECOSAN toilets, lack of technical capacity among policy makers and end users on ECOSAN 
toilets, and cultural, religious, and gender stigmatisation against Dry toilets.

Activity 
To address this lacuna, Bread of Life Development Foundation, Nigeria’s  leading WASH NGO published an ’Advocacy 
Manual on ECOSAN  toilets’ in 2017, with the following objectives:
a. Develop guidelines and action plan for non governmental organisations, community based organisation, and the me-
dia to enable them embark on evidence based campaigns and advocacy plan to increase demand led use of ECOSAN 
toilets in Nigeria. 
b. Improve the technical capacity of WASH stakeholders in Nigeria on construction and management of ECOSAN toi-
lets.
c. Identify *Ambassadors of Dry toilets’ in communities, rural areas, urban areas, government institutions, and private 
sector.
d. Document evidence based success stories on ECOSAN toilet particulalry in West African countries and how it could 
be replicated in Nigeria.
e. Strengthen political commitment at all three tiers of government to improve allocation of appropriate resources for 
promotion of ECOSAN toilets

What was done and how?
Bread of Life Development Foundation developed an ’Advocacy manual on ECOSAN toilets’, which was circulated to 
stakeholders in Nigeria. This is a pioneering documentation of ECOSAN toilets in Nigeria.

Which methods were used?
a. The Advocacy manual is a 25 page document  initially produced in soft PDF copies because of funding constraints, 
however, there are plans to produced hard copies early 2018 and formally launch it.
b. The Advocacy manual is being distributed to over 1400 WASH stekaholdes by email, WASH blogs, twitter, and other 
social media
c. The Advocacy manual on ECOSAN toilets is also being distributed to civil society networks, professional bodies in 
the WASH sector through emails, and copied to participants in sectoral meetings
d. The manual is also being uploaded to Community of Practice web sites for wider coverage
e. Feedbacks received from several stakeholders are being incorporated into a planned revised edition of the manual 

Results
a. 25no ’Ambassadors of Dry toilets’ have been identified, and plans are underway to form  and inaugurate the ‘Dry Toi-
let Association of Nigeria’’ and embark on aggressive campaigns and advocacy to promote ECOSAN toilets in Nigeria.
b. National and several State government Water, Sanitation and Hygiene (WASH) policies  re being revised to include 
ECOSAN toilets as one of the sustainable sanitation options.
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Lessons learnt
a. High level advocacy is required to ensure adoption of ECOSAN toilets as a sustainable sanitation solution by policy 
formulators, service providers, and end users.
b. The civil society and media is very strategic in promoting use of ECOSAN toilets, and needs to be trained and mobi-
lised to achieve upscale of ECOSAN toilets.

Keywords: Nigeria, ECOSAN toilets, Advocacy, civil society 

DEEP WELL WATER IN A HUMAN RESETTLEMENT IN CAGAYAN DE ORO CITY,
PHILIPPINES: A MICROBIOLOGICAL WATER QUALITY SAFETY EVALUATION

Gertrude M Garcia, MSc
Biology Department, Xavier University-Ateneo de Cagayan

The chartered City of Cagayan de Oro is one of the economic growth areas in the island of Mindanao and thus has been 
dubbed as the Gateway to Mindanao. The city, like other cities, has seen times of flooding in some areas brought by 
the monsoon rains, but nothing compares to the havoc brought by Severe Tropical Storm Washi (TS Sendong in the 
Philippines) in December 2011. This rainfall event was named as a 1-in-50 year event for the Province. The devastation 
brought about high death toll and consequently, a high number of internally displaced people (IDP) who are now settled 
in several government and privately donated resettlement areas. Provision for the basic of human needs, water and sani-
tation, are critical areas during a natural disaster. Deep wells were constructed to provide for the much needed resource. 
Hence, the main objective of this study is to evaluate the microbial water quality of deep well water constructed post 
disaster in a resettlement site in Cagayan de Oro City. Secondly, it is aimed to provide recommendations to improve or 
maintain the water quality. Determining the microbial water quality is an initial step in evaluating water potability and 
safety to establish fit for human and domestic consumption. Poor water quality and sanitation always bring negative 
impact in many aspects of life, therefore, is highly important to address. A large number of pathogens may contaminate 
groundwater, especially in areas with poor sanitation brought by lack of proper knowhow and poverty and a systematic 
and scientific method to assess its possible presence is warranted. The water system in the village based on the levels of 
water systems in the Philippines is Level II, piped water with a communal water point. There are 4 water points in the 
area where water samples were collected. Water from the well was purged and water was collected aseptically using ster-
ile collecting bottles. These were stored with ice prior to transport in a styropore box. This type of evaluation requires the 
detection and enumeration of coliform bacteria, and the isolation especially of the indicator microorganism Escherichia 
coli. Its presence indicates that the water is contaminated with fecal matter. The 5-multiple-tube fermentation technique 
was used to determine the microbial water quality with enumeration values expressed as MPN. 

Key words: IDP coliform MPN Escherichia coli
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RURAL WOMEN AS DRIVERS OF CHANGE TOWARDS IMPROVED WATER AND SANITATION
EXAMPLE VILLAGE AN-OSTON, ISSYK KUL OBLAST

Anara Choitonbaeva, Kyrgyz Alliance for Water and Sanitation (KAWS), Kyrgyzstan
Claudia Wendland, Women Engage for a Common Future (WECF), Germany

Background
An-Oston is situated in the South of the Issyk Kul Lake in the Jety-Oguz rayon which is the poorest rural district in Issyk 
Kul oblast. The existing water supply system was constructed in 1954 for 16 villages with one water supply network. 
The water source was surface water with a total of 270 km network. There were 33 street level tap stands in the water 
supply system in An-Oston village. 
The water supply system in An-Oston village has been turned out to be insufficient, was operated very poorly by the 
private person without professional capacity. In the last years, the water supply system has completely deteriorated and 
out from 33 tap stands constructed during Soviet Union poorly worked only 6 tap stands any more.     

Women as Drivers of Change
The bad WASH situation in An-Oston motivated a group of rural women to seek assistance from the authorities, how-
ever many of their appeals were not heard. In December 2011 this group of women appealed to the Kyrgyz Alliance for 
Water and Sanitation (KAWS) with success. The village started a Community Drinking Water Users Union (CDWUU) 
and elected their own board with support of KAWS and WECF. Out of 11 members elected, 8 were women, reflecting 
the commitment and dedication the original group of women had to this cause. The union has been functioning efficient-
ly and funds have been generated through household memberships. The village population has showed great willingness 
to autonomously organize themselves and take the upmost responsibility in solving the issues.
Following these actions, KAWS and WECF supported An-Oston village to build institutional capacity in the CDWUU 
and develop cooperation with all interested parties regarding improving the village water and sanitation services. The 
serious issues around access to water in the village started to be visible and acknowledged by the local authorities. 
Together with support of the local authorities, the CDWUU and population's involvement, UNDP Water Solidarity, the 
Water Agency Artois-Picardie and the Municipality of the French city of St. Omer the project, between 2014 and 2016, 
has ensured rehabilitation of the water supply system and established a direct home connection for most households and 
also for the school. The new tariff was calculated based on full cost recovery permitting to ensure the monitoring and the 
maintenance of the system (at 35 KGS per m3 per month). After very active discussion with the population who are the 
members of the CDWUU, the new tariff has been approved in the CDWUU assembly. 
Access to water has not only improved the WASH conditions of these families but has also given them time to go to 
school or to develop income generating activities. Families are not leaving the rural setting to go to the city anymore. 
The inhabitants explain how the life became easier: "The water is not our main sorrow anymore".  

Second priority Sanitation 
Second priority after drinking water has now become sanitation and wastewater treatment. Some part of the population 
keep the existing dry toilets, pit latrines, or move to ecosan toilets. But many install a flush toilet now. Much higher 
quantities of greywater and domestic wastewater need to be treated subsequently. The CDWUU started to take the san-
itation part under their responsibility and raise awareness and build capacity for the population on that issue as well.

Keywords: community engagement, women initiative, rural water and sanitation

More information:
http://www.wecf.eu/english/articles/2016/02/Sustainable-Water-An-Oston.php
http://www.wecf.eu/english/articles/2015/05/water-solidarity.php
http://www.wecf.eu/english/articles/2016/09/wastewater-citizens.php

EKOLAKAY IN HAITI: CAN CONTAINER-BASED SANITATION BE A KEY COMPONENT OF
CITYWIDE INCLUSIVE SANITATION FOR DENSE URBAN SETTINGS?

Dr. Sasha Kramer*, SOIL; Nicholas Preneta, SOIL; Leah Page, SOIL; Erica Lloyd, SOIL

With the population of urban dwellers living in informal settlements expected to double by 2030, it is critical that ad-
vocates for citywide inclusive urban sanitation look to a menu of sanitation options that extends beyond the traditional 
approaches of sewers and onsite sanitation to ensure universal access. In recent years, container-based sanitation (CBS), 
an end-to-end service that collects waste hygienically from waterless toilets built around sealable, removable containers, 
has been gaining traction as an innovative way to provide safely managed sanitation in dense urban settlements. 

SOIL is a research and development non-profit organization based in Haiti, working to prove the viability of a mar-
ket-driven sanitation business model for affordably and sustainably providing safely managed sanitation services (con-
tainment, collection, transport, treatment and transformation) to dense urban communities using container-based sanita-
tion. In 2009, SOIL began developing a vertically integrated service that provides desirable and affordable CBS services 
to resource-poor urban Haitians. For a small monthly fee, EkoLakay provides households with ecological sanitation 
(EcoSan) toilets, weekly collection of wastes, and safe treatment and transformation of wastes into compost using a 
process that respects World Health Organisation standards. This program has gone from a pilot project in 2013 to a ser-
vice which today provides nearly 6,000 urban residents with safe and dignified access to household sanitation. To date, 
over 200 tonnes of compost have been produced and sold, establishing a circular economy model that also addresses 
soil erosion and deforestation in Haiti. Revenues from toilet user fees and compost sales support ongoing project costs 
and showcase the potential to affordably provide household sanitation even in the most water-scarce and resource-poor 
urban communities through a combination of private sector revenues and innovative public financing.

Over the past four years SOIL has refined the Ekolakay service delivery model through several key lessons learned, 
including improving the toilet and waste treatment technology, implementing cost reduction strategies like the introduc-
tion of mobile payments, and addressing logistical challenges of waste collection. SOIL’s model is now one of only three 
household CBS services globally that has grown beyond the pilot stage and demonstrated progress towards creating a 
sustainable social business model for providing safe sanitation services to rapidly-growing informal urban settlements.

This presentation will unpack the key components of a CBS system using Haiti as an example, including a discussion 
of how CBS compares to traditional approaches in terms of desirability, cost, environmental safety, and public health 
implications from the perspective of developing citywide inclusive sanitation options. The presentation will also unpack 
some of the key lessons learned that are broadly applicable to implementing container-based sanitation solutions in 
urban environments.

Keywords: Ecological sanitation, urban solutions, circular economy, container-based-sanitation
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HUMAN URINE AS SOIL ENHANCER TO SUSTAINABLE VEGETABLE GARDENS OF AN IDP
COMMUNITY IN MARAWI CITY

Masgon MA*, Itchon GS, Gustilo JY, Repulo WV

Last May 23, 2017, the Philippine government launched a military and law enforcement in the Islamic City of Marawi.   
The Military combat operations affected not only Marawi City but also in the surrounding regions which, to date, dis-
placed more than 360,000 individuals.  One of the major challenges of the combat operation is the need to increase food 
and nutrient sources to feed the increasing number of Internally Displaced Persons (IDPs) in the entire region affected by 
the insurgency. As fighting continues, and host communities struggle to share existing resources, the nutrition situation 
of young children in the poorest families is affected by the loss of household income and restricted access to livestock 
and market. UNICEF screened around 4, 821 children for malnutrition.  

Relief goods were mostly limited to rice, canned goods and noodles which prompted Xavier University, to encourage the 
IDPs to start planting vegetables to supplement for the nutritional needs of the children in evacuation centers.  Having 
very limited sources of synthetic fertilizers to aid for the growth of these vegetables, the IDPs were introduced to the use 
of urine as liquid organic soil conditioner to enhance plant growth.

This case study builds on an action research process of IDPs in Bito Buadi Itowa of Marawi City who are in collabo-
rative experimentation on the use of human urine as soil enhancer.  This aims is to explore Maranao IDPs’ cultural ac-
ceptability and evaluation of the practice as potential solution to inaccessibility of farm, livestock and market due to the 
violence and tragic consequences.  Findings show that urine fertilization is valued as low-cost practice contributing to 
significant increase in yield with important contributions to nutrition and food security especially to those who have few 
options in soil utilization and management.   Difficulties identified by the IDPs relate mainly to limitations in collections 
and storage capacity rather than to inherent traits of the practice.  In conclusion, the use of urine as soil enhancer should 
be acknowledged as a valuable strategy for supporting sustainable agricultural gardens. Furthermore, the importance 
of societal behaviors and cultural acceptability should be recognized but not treated as absolute barriers to diffusion of 
the practice. Collective action, where group of IDPs altogether develop new processes and adapt practices, serves as 
an important ground for social change compromising of norms and taboos, which can otherwise bound the acceptance 
and circulation of alternative soil management practices. The study illustrates that interdisciplinary studies can guide 
pathways toward sustainability through locally anchored and solutions-oriented knowledge generation.

Keywords: IDP communities, collaborative experimentation, action research, insurgency, soil enhancer

AN INITIATIVE TO INTRODUCE WATER, SANITATION AND HYGIENE EDUCATION IN SCHOOLS 
THROUGH WASH CLUBS IN RURAL AREAS OF BAHAWALPUR DISTRICT, PAKISTAN

Mr. Sabir Farhat
Secretary General, Pakistan Rural Workers Social Welfare Organization (PRWSWO)

Pakistan Rural Workers Social Welfare Organization (PRWSWO) has focused its one of priority on promotion of child 
rights and has taken number of steps to protect the rights of children by adopting multi-dimensional approaches. 
The rural areas of District Bahawalpur is surrounded by sandy dunes has lack of access to safe drinking water and sanita-
tion facilities. Poor hygiene are associated with skin diseases, acute respiratory infections (ARIs), and diarrheal diseases, 
dysentery, Malaria and typhoid. Diseases related to inadequate water, sanitation and hygiene are a huge burden It is esti-
mated that 88% of diarrheal disease is caused by unsafe water supply and inadequate sanitation and hygiene. Schools are 
often more than just places for learning and behavior change. If School water sanitation and hygiene facilities are absent, 
or are badly maintained and used, Schools become risky places where diseases are transmitted. Schools can also pollute 
the natural environment in such a way that it causes health hazards for the community at large. Inadequate sanitation and 
a lack of toilets lead to high school dropout rates, in particular among girls once they reach menstruation age. If there are 
no sanitation facilities at school where privacy is respected, girls will not attend classes when they are menstruating, or 
even drop out of school altogether. 

Hygiene education primarily aims at changing behavior toward good or safe practices in relation to personal, water, 
food, domestic and public hygiene. Lack of access to WASH can affect a child’s nutritional status in many ways. Exist-
ing evidence supports at least three direct pathways: via diarrhoeal diseases, intestinal parasite infections and environ-
mental intestinal infections. WASH may also impact nutritional status indirectly by necessitating walking long distances 
in search of water and sanitation facilities and diverting a mother’s time away from child care. PRWSWO established 
WASH Clubs in 20 schools aiming to introduce water, sanitation & hygiene education through implementation of vari-
ous activities in schools

Like WASH related interventions in school & plan to address these needs,  Implementation of BCC campaign, Daily 
Group hand washing at Group Hand washing station (GHWS) activity supervised by teachers and WASH club mem-
bers, Celebrating hygiene events / days like Global Hand Washing Day, World Toilet day, World Water day etc. WASH 
club has an important role in schools but also advocate community by disseminating WASH messages during WASH 
campaigns at community level. It covered the topics such as Importance of Latrines and Personal hygiene, correct use 
of Toilets. Need for cleanliness of Sanitation facilities, Benefits of safe drinking water. 

At the end; it was observed that School children are great agent of change. They are parents and leaders of tomorrow. 
They often influenced by peer culture. They hold strong beliefs and principles on moral dilemmas. They are interested in 
mastering physical challenges and experimenting with new behaviors The community adopted new practices to promote 
hygiene and sanitation facilities. 

Keywords: Wash Clubs, Rural Areas, Sanitation & Hygiene Education
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MENSTRUAL HEALTH AND GENDER EQUALITY

Natasha Dokovska
Balkan Wash Network

Presentation: I propose the presentation about Menstrual Health and gender equality. According last research made by 
Journalists for Human Rights in Macedonia only 1 private school has conditions / facilities for MHM.  In no other school 
(except the one in the municipality of Veles) there will be no suitable products for UMX (soap, toilet paper, water), 
which means that is not respect one of the basic human right – right to access to proper toilets and a matter of dignity.

Despite investments in infrastructure (in the last 10 years more than 2 billion euros and around half billions for building 
monuments), only 1% was invest in school infrastructure, from which 85% was for building sport facilities, but without 
access to water and sanitation. 

The results of the survey also showed that:
• 90% of students in rural areas in Macedonia are absent from 4 to 5 days during the month of school when they have 
menstruation
• 75% of students in urban areas are absent for 2-3 days over month
• over 60% of women and girls in rural and 20% in urban areas Macedonia does not use any commercial menstrual 
products, due to high cost ...

A five-member family with minimal monthly income of 9,000 denars spend between 15-17% of income for hygiene 
products for MHM.

The survey was made with 500 students in 12 elementary rural schools and 500 students in 10 urban school with mixed 
ethnic composition. The used methodology was a face-to-face interview of the respondent on 12 questions.

According high price of hygiene pad we propose feminine reusable maxi pads for economically challenged peoples, 
the product is created with different styles, well supported by the line survey and also with different technical tests of 
fabric and product in order to take extra care for women‟s health related problems. The product is developed with three 
different types of fabrics, forming forth different layers of the product, such as 100% bleached knitted cotton, which is 
used as a top layer attached to the skin ,which acts as an absorbing fluid and create comfort to the wearer, poly wadding 
(non-woven) used at the middle layer , which is mainly used for absorbent purpose, easily washable, retain cotton shapes 
and water resistance fabric is used as lower layer , which acts as further resistant for the fluid to prevent from the leakage.

We are now in a phase at the request of a manufacturer who will produce the inset and will offer it for commercial pur-
poses, and we ask from the Ministry of Social Work of Macedonia to distribute 10,000 pieces to socially endangered 
families.

Experience from the Millennium Development Goals shows that states focus on targets that are measured globally. Data 
and indicators on menstrual hygiene management (MHM) for women and girls can have a positive impact on raising 
awareness, national policy making, and in finding sustainable WASH sector solutions. MHM has no specific goal with-
in the sustainable development goals but is found in several of the 17 targets, which shows its importance. Hence the 
commitment to 2030 girls and women should be able menstrual hygiene management to make it safe, in privacy and 
with dignity. 

Keywords: reusable maxi pads, menstrual hygiene management, Macedonia

Autor of PPT: Natasha Dоковска is master of Peace study and focal point for Balkan Wash Network
Natasha Dokovska

COMMUNITY ENGAGEMENT IN ODF CAMPAIGNING /TOTAL SANITATION PROMOTION IN NEPAL

Bishow Raj Bhatt
WASH Officer, UNICEF Nepal

Nepal has made a remarkable progress in increasing access to sanitation services from 43% in 2010 to over 94% in 
July 20171. The operationalization of Sanitation and Hygiene Master Plan (SHMP) 2011 is the main policy document 
which has created an enabling working environment for declaration of nation as an Open Defecation Free (ODF) state 
through community mobilization in leadership of local governments.

As per the objective of the SHMP, local governments bodies take led role to drive the ODF campaigning of the nation 
with the establishment of WASH coordination committees & institutional set-up in national, regional, district, munic-
ipal/village and ward level, encouraged all WASH stakeholders & development partners for collaborative effort with 
uniform working modality, strategic sanitation plans were prepared for different level, promoted multi-stakeholder 
working approaches, initiated innovative approaches of community awareness, strictly followed the no subsidy pol-
icy for toilet construction, various wins & structures of community/networks (e.g., youth/child clubs, women/other 
community networks, NGOs/CBOs), professionals, individuals, staffs/volunteers/social mobilizers working with local 
government bodies, schools/teachers, social/political leaders, security personnel, journalists, national/ local artists/ 
celebrities were capacitated and mobilized for awareness raising, community campaigning and convincing remote 
communities for construction of toilets through available local resources and maximize the use of installed toilets for 
elimination of open defecation.

Major approaches/strategies adopted to gear-up the ODF campaigning in different level were formulation of strategic 
plans as guided by the SHMP-2011, national/regional/district/community sanitation conferences, capacity building & 
mobilization of front line workers/volunteers for HH level information updating and sensitization of individual HHs/
family members about the negative impact of open defecation and faecal contamination in human health through door 
to door visits/meetings; mobilization of medias (print & radio), celebrities and national figures; community triggering/
social mobilization; monitoring and technical support from different level; strengthening of market chain and linkages; 
construction & use of toilets; reward & recognition of innovative communities/families/individuals; verification of the 
ODF status from different level and ODF declaration of the area with certification.

As a result, even with mega disaster earthquake of April 2015 & 2017 August flood as of mid-December 2017, Nepal 
is able to declare 43 out of 75 districts ranging from high Himalayas to flat land of Nepal are in Open Defecation Free 
(ODF) status and 4 additional districts are in pipeline to accomplish the goal of ODF in the duration of coming 2-3 
months. In aspect of household coverage, in total 5,191,179 HHs out of 5,522,531 HHs of the nation are having func-
tional toilets and contribution of communities and networks is remarkable to accomplish this outstanding result.
This community engaged ODF campaigning is unique in context of Nepal, where high community cohesiveness is 
noticed, and similar approaches are utilized to increase the coverage in immunization & adult literacy, and WASH 
stakeholders have been using/ planning to use this approach in improving of functionality of water supply projects 
which are currently in status of partial functionality or non-functional.

1 Source: Department of Water supply and sewerage (DWSS), Nepal 2017
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EIJA VINNARI
Eija Vinnari is Professor of Public Financial Management at the Faculty 
of Management, University of Tampere, Finland. Her research interests 
include public sector accounting, social and environmental account-
ing, social movements and sustainable development. Her research re-
lies predominantly on qualitative approaches and has been published 
in several reputable journals, such as Accounting, Auditing and Ac-
countability Journal, Accounting, Organizations and Society, Critical 
Perspectives on Accounting and Journal of Agricultural and Environ-
mental Ethics. She also serves on the editorial boards of several journals.

GERRYSHOM MUNALA
Prof. Gerryshom MUNALA is an Associate Professor of architecture and 
environmental planning at the Centre for Urban Studies, JKUAT. He is a 
Corporate Member (AAK) and a registered practising Architect (BO-
RAQs), Lead Environmental Impact Assessor and Auditor (NEMA) as 
well as a member of European Water Resource Association (EWRA). 
Convenor, International Organisation for Standardization (ISO) Techni-
cal Committee 224/ Working Group 8 on “Onsite Waste Water Man-
agement Using Low Technologies”. Prof. Munala has wide experience 
as a practising architect, having been involved in a number of institu-
tional infrastructural projects. He has taught in the university since 2002 
rising through the ranks to associate professor position. He has published 
widely and presented several papers both at local and international 
level. He has supervised several graduate and post-graduate students.

MIRIAM OTOO
Dr. Miriam Otoo is a senior economist at the International Water Man-
agement Institute, and leads the research group on Resource Recovery 
and Reuse. Her expertise is in the economics of waste reuse, business 
development and entrepreneurship, agricultural markets and rural-ur-
ban food systems in developing countries. Her research currently focus-
es on understanding the linkages between sanitation and agriculture to 
enhance food security via the analysis of business opportunities in the 
waste reuse sector in Africa, Asia and Latin America.

PEKKA PIETILÄ
Dr (CivEng) Pekka Pietilä has 40 years’ experience in water and sanita-
tion both in private and public sector. His experience includes consult-
ing engineering tasks in Finland and overseas, development coopera-
tion tasks in Africa, and research and teaching duties at universities in 
Finland and overseas. He has served as the Chairman of the Organizing 
Committee in DT2009 and the Chairman of the Scientific Committee in 
DT2012 and DT2015.

HARRI MATTILA
After his doctoral dissertation (2005), Dr. Mattila has continued his re-
search activities among on-site sanitation, water and environment pro-
tection and diffuse pollution. He has participated in number of con-
ferences and other scientific activities where wastewaters, sanitation 
and diffuse pollution have been discussed. He has been teaching the 
topics and he has acted as Supervisor in number of thesis projects on 
these also. In 2008, Dr. Mattila wrote the text book on on-site sanitation 
together with two researchers from Finnish Environmental Institute. Dr. 
Mattila has been reviewing articles proposed to the scientific journal 
Water Science and Technology published by International Water As-
sociation (IWA) and he has been working in scientific committees of in-
ternational conferences. He is an active representative in the research-
er group Capacity Development in Water and Environmental Services 
(CADWES) at Tampere University of Technology.

ANNA MIKOLA
Anna Mikola (D.Sc.Tech.) is responsible for wastewater related research 
in the Group of Water and environmental engineering in Aalto Univer-
sity School of Engineering in Finland. Her main research topics at the 
moment are nutrient recovery processes, biological nitrogen removal 
and gaseous emissions as well as removal of micropollutants and mi-
croplastics from wastewater.

NAOYUKI FUNAMIZU
Naoyuki Funamizu is a specially appointed professor in Graduate School 
of Global Food Resources, Hokkaido University and he is also working 
at Research Institute of Humanity and Nature, Kyoto as a professor. His 
main research topics are wastewater reclamation and reuse, and sus-
tainable sanitation system. Currently he is studying new sanitation sys-
tem extensively and he is a leader of the big project on sanitation val-
ue chain supported by Research Institute of Humanity and Nature. He 
is also working on international collaboration program on sustainability 
education. He has been nominated as FELLOW of IWA. He is a cooper-
ative member of Science Council of Japan.

SANNA-LEENA RAUTANEN
Sanna-Leena Rautanen works as the Chief Technical Adviser in the Rural 
Water Supply and Sanitation Programme in Western Nepal, Nepal-Fin-
land cooperation. She completed her Doctor of Science and Technol-
ogy degree in the Tampere University of Technology in 2016, her thesis 
focusing on capacity development. Before Nepal, she worked as Sani-
tation Specialist in the World Bank. She has also worked in Tanzania and 
Bangladesh, sanitation and hygiene being always high in the agenda. 
Over the past years her particular interest has been in the behaviour 
change related to sanitation and hygiene.
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ronmental monitoring.
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tion. She has been organizing Internet based courses on Sustainable 
Water Supply and Sanitation since 2006. Tuula has studied the occur-
rence of pollutants, particularly antibiotics , in the urban hydrological 
cycles in Finland , Kenya and Zambia .
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Dr. Claudia’s background is environmental engineering with a Ph-D in 
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10 years in the NGO network WECF, she started recently to work as sen-
ior water and sanitation expert at Hamburg Wasser, the local public 
utility in Hamburg.
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ez joined UNESCO in 2012 as Director of the Division of Water Sciences 
and Secretary of the International Hydrological Programme (IHP), the 
first woman appointed to this post. From 2014 until early 2016, she also 
served as Vice-Chair of UN-Water, the United Nations inter-agency co-
ordination mechanism for all freshwater and sanitation-related matters.

RALF OTTERPOHL
Ralf Otterpohl is Civil Engineer with specialization in Water-, Wastewater 
and Solid Waste Management at Aachen University of Technology. In 
1994 he founded the consultancy Otterwasser GmbH with the blackwa-
ter-project at Lübeck Flintenbreite, Baltic, Germany as an international-
ly influential pilot project. In 1998, Ralf Otterpohl became full professor 
and director of the Institute of Wastewater Management and Water 
Protection at TUHH, Hamburg University of Technology. Today his main 
interests in addition to resources oriented sanitation are Rural Develop-
ment, Restoration of eroded regions and the concept of New Town.

GINA S ITCHON
Dr Gina S Itchon is a medical doctor by training, and holds the rank of 
Associate Professor in the School of Medicine, Xavier University. Con-
currently, she is also the head of the Research Unit, as well as the Direc-
tor of the Sustainable Sanitation Center. Dr Itchon also works with the 
Northern Mindanao Medical Center, the regional hospital of Region 10, 
the Philippines. She is at present involved in research projects on Water, 
Sanitation and Hygiene (WaSH), child nutrition and disaster manage-
ment.

ALI AKBAR TALEBI
General Secretary and Executive Manager of EWB-I (Engineer Without 
Boarder- International, Iran Venezuela) and Sustainable Ecological Vil-
lage 21 Caspian, and Caribbean Sea. He has over 35 years of expe-
rience as a project manager in architecture, water supply and eco-
logical sanitation in international NGOs. and GO, s projects in over 30 
countries. His projects focus of SD issues. He has a Bs. in architecture 
and MS. degree (Dipl. Eng.) in Architecture- urban & rural planning of 
Dortmund and München FH. in Germany and PhD in Architecture and 
Urban environmental Engineering of Technical international Oldenburg 
Uni. Germany and Netherlands.
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MIA O'NEILL
Dr. Mia O'Neill has been actively involved with Global Dry Toilet Associ-
ation of Finland, being the chairperson 2010-2015 and a board member 
since. She finished her PhD dissertation in 2015, studying the feasibility 
of ecological sanitation globally as well as the matters affecting it. Her 
background is in environmental policy and environmental engineering, 
and she works as Project Manager in the Environmental School of Fin-
land SYKLI.

RUUSA GAWAZA
Ruusa Gawaza has been the chairperson of Global Dry Toilet Asso-
ciation of Finland since 2015. She is a Bachelor of Natural Resources 
Management with a specialisation in development issues and envi-
ronmental management. She has a vast experience from different 
organisations working in development cooperation and currently she 
is a Manager in Development Cooperation in Felm coordinating the 
Western African projects.

JOHANNA KALLIO
Johanna Kallio is MSc (chemical engineering) and has worked for 
Finnish Environment Institute for 13 years. For the past seven years she 
has focused on issues of rural sanitation and water services, especially 
implementation of Finnish legislation of onsite wastewater treatment. 
She has also provided expert support to FinWater WEI II programme 
in Kyrgyzstan and Tajikistan in 2014-2018. Member of the board of The 
Global Dry Toilet Association of Finland.

TAPIO S KATKO
Tapio S KATKO is an Adjunct Professor, and holder of the UNESCO 
Chair in Sustainable Water Services at Tampere University of Tech-
nology (TUT) since 2012. His main research interests are long-term de-
velopment of water and related infrastructure as well as institutional, 
management and policy issues of water and sanitation services. He 
has worked overseas for some five years and involved in several inter-
national projects. He leads CADWES, Capacity Development of Water 
and Environmental Services –research team at TUT.

ANTERO LUONSI
Tampere University of Technology 1977-1992. Assistant of the Professor, 
Head of Laboratory, Senior Researcher.
-Finnwater Consulting Engineers, Mtwara, Tanzania. Assistant Training 
Officer, 1978-1979
-University of Washington, Seattle, USA. Visiting Researcher, 1988-1989.
Pirkanmaa (Tampere) Regional Office of the Finnish Ministry of the Envi-
ronment 1992-2016 (until retirement). Senior Researcher, Senior Advisor.
-Secretary of Ministry’s Advisory Group for the Development of Rural 
Wastewater treatment, 2007-2010.
Original member of the International Water Association (IWA) Special-
ist Group of the Forest Industry (since mid 1980’s), Chair of the Group 
2000-2006.
Active member through the history of DT-conference organization.

MAARIT SÄRKILAHTI
M.Sc. (Tech. and Admin.) Maarit Särkilahti is a professional with 10 
years experience in water and waste management. Her fields of ex-
pertise include circular economy, especially nutrient recycling, and 
nature based storm water management. Currently she works as a 
project manager in City of Tampere, Finland. In addition, she is finish-
ing her dissertation in Tampere University of Technology, Laboratory 
of Chemistry and Bioengineering. She studies sustainability transition in 
infrastructure sectors with interdisciplinary approach.
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EEVA-LIISA VISKARI
Dr. Eeva-Liisa Viskari is a Principal Lecturer (Ph.D.) and Development 
Manager in Energy and Environmental Engineering at Tampere Uni-
versity of Applied Sciences, School of Construction and Environmental 
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 Tampere University of Applied Sciences as 
a teacher and project manager in severa RDI projects. During the past 
15 years, dry sanitation, nutrient cycling and safe use of human excre-
ta have become one of her main research and teaching interests.
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