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Abstract 

Piloting Ecological Sanitation at Majumbasita Dar Es Salaam Tanzania particularly aimed to 
adapt Ecological Sanitation (EcoSan) as an option in combating sanitation problems in the 
country by recovering and recycling to the maximum extent the resources present in human 
excreta. EcoSan technology has drawn attention to many Majumbasita  dwellers, international 
organizations, government line ministries, individuals and other stakeholders following 
construction of 95 EcoSan Latrine units in household level and 6 stances School latrine in the 
project area. Two types of urine diversion toile ts have been applied, the seat pan and squatting 
pan, the later being more preferred to the community. 

This paper provides insights and lessons learned from a piloting ecological sanitation project in 
Tanzania since November 2000. It includes findings of review as conducted to assess the 
operation and socio cultural pertaining the technology. It shows to what extent the EcoSan is 
accepted in Tanzania. In addition, the paper explored community reactions towards the recycle 
of nutrients from human excreta and research on the recyclable nutrients. Public acceptability is 
promising following the PHAST (Participatory Hygiene and Sanitation Transformation) 
methodology carried out at all stages of project implementation.  

Introduction 

Unplanned settlements have kept  increasing in many Tanzanian towns, and there is no 
immediate plan to improve them. The problems of diarrhea and other faecal – related diseases 
remain highly endemic despite enormous efforts over the past few decades to control them. The 
situation is even worse than sanitation coverage statistics depicts. Coverage of sanitation 
facilities in Dar es Salaam (with 2,497,940 million inhabitants, which is 7.2% of the total National 
population) revealed that 79% of the inhabitant’s uses pit latrines, 9% septic tanks and 12% 
uses conventional system Mato (2002). 

Although a bigger number of people have access to some form of latrine, vast amounts of 
improperly managed faeces and untreated sewage contaminate the living environment. 
According to Haskoning and M Cons ult (1998) 50% of the pollution produced at domestic level 
per capita per day in Dar es Salaam was estimated to be received by pit latrines that have a 
pollution load to groundwater in kg/day estimated to be Biological Oxygen Demand (BOD)  5 
15,282; Chemical Oxygen Demand (COD) 16,131; Suspended Solids (SS) 6,116; Dissolved 
Solids (DS) 97,857; Total Nitrogen 4,829 and total Potassium 915. The groundwater finally is a 
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source of water supply for domestic and industrial uses. The water users may suffer the 
consequences from the pollution. 

Conventional forms of centralized and individual sanitation systems are not sustainable solution 
to sanitation problems in the country. In Dar Es Salaam City domestic sewage is collected by a 
sewerage system that was first constructed in the 1950’s. The system serves only about 12% of 
the residents. The major part of the Dar es Salaam residents about 88% use on-site sanitation 
allowing its effluent to percolate into the soil representing a potential source of groundwater 
contamination, which is an alternative source of water supply for the residents. According to 
Mato (2002) Piped water system in Dar es Salaam supplies only about 50% of the demand and 
groundwater is the alternative source. The groundwater is used to augment piped supply and 
more than 36 deep boreholes drilled in the city are directly (without treatment) connected to the 
main water system. In addition, residents in the city dugs and drills shallow and deep wells 
respectively to supplement the water supply in their respective residences. 

Environmental Engineering and Pollution Control Organization (EEPCO) a Tanzanian Non 
Governmental organization recognized an urgent need to look for human excreta disposal 
option in the country that will protect the environment. 

EEPCO supported by UNICEF Tanzania pioneered and implemented a piloting project for 
ecological sanitation at Majumbasita Peri-urban area in Tanzania since November 2000. 

Ecological Sanitation is a system that makes use of human waste and turns it into something 
useful and valuable, with minimum pollution of the Environment. In essence it consists of using 
latrines, which are safe and ecologically sound and designed in such a way the end products 
can be easily transferred into agriculture or forestry (Morgan, 1999). 

Pilot area 

The piloting Ecological Sanitation Project in Tanzania have been implemented by EEPCO in 
unplanned settlements at the Peri-urban part of Dar Es Salaam called Majumbasita in Kipawa 
ward in Ilala District. 23,000 people inhabit the area. 

The piped water supply from the city network suppliers only a small proportion of the 
inhabitants, and the supply is intermittent. Many people (85%). depend on well water. The 
quality of the well water is doubtful. According to Chaggu and John (2002), E-Coli count for 
samples from boreholes with depths 1.8metres and 6.5metres were 3000 FC/100mil and 
178FC/100mil respectively. The pollution is definitely due to seepage from pit latrines and septic 
tanks. These conditions have resulted into breakout of cholera and other faecal related 
diseases mostly during rain seasons. 

Sanitation prospects 

• The communities in the project area keep their home environment clean, use water for anal 
cleansing and use the latrines. 

• Latrine coverage in the area is high. However, most of the latrines are traditional pit latrines 
lacking privacy, door, and roof, and characterized with poor dirty squatting slabs. In addition 
are characterized with high water table, worst during rain seasons.  

• Latrines are dug mostly shallow, because of: high water table and sandy/collapsible soil. The 
pits are mostly lined by sand: cement blocks. 

• The community uses ground water/well water as a reliable source of water supply in the 
area. 
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Community reactions 1 

• EcoSan concept has attracted many people. This is because, they found it to have positive 
elements for their living environment, and people proved it to be permanent latrine by having 
a durable vault and a standby one (being a double vault is an added advantage to the users) 
for use when the fist one is full. 

• The community welcomed the EcoSan as a solution to latrines construction in their premises 
because of permanency, simplicity, durable, affordable, environmentally friendly and 
hygienically safe relative to traditional normal pit latrine. 

• Reuse of nutrients was also a positive element of the facilities. 

Project activities 

Main activities inputs to the piloting project include, community awareness creation and 
sensitization regarding sanitation improvement and introduction of EcoSan concept. This was 
achieved mostly by using Participatory Hygiene and Sanitation Transformation (PHAST) 
methodology. Another activity was recruitment of local masons to be well acquainted with 
theoretical and practical aspects of EcoSan latrine technology, so that they will be  resource 
persons in the community to sustain the project. Construction of EcoSan latrines was another 
major activity where by 95 units (double vault, urine diversion) were constructed in household 
(hh) level and 6 stances in school. Monitoring and evaluat ion is the other major and important 
activity in this project to measure project acceptability and sustainability.  

To accomplish the activities some stakeholders were involved from the start of the project 
including the implementing agency (IA) EEPCO, UNICEF, local governments, community etc. 
Main activities of the project, and achievements are discussed in the following sections.  

PHAST training for CORPs (Community Owned Resource personnel)  

PHAST is one of the best working Participatory approach methodologies to address water, 
sanitation, hygiene, behavior and attitude change (PHAST training guidelines, 1998). The 
hygiene and sanitation promotion processes focuses on the linkages between water, sanitation, 
hygiene and health in the areas of personal hygiene  and its related water uses; safe and unsafe 
water; waterborne and excreta related diseases; environmental cleanliness; food handling and 
storage; specific behaviors such as hand washing practices; and latrine use and maintenance.  

The project IA recognized the importance of applying PHAST methodology in implementing the 
project. To make sure the PHAST methodology is equipped to the community in a sustainable 
manner, some members of the community were trained to be PHAST CORPs in their area; and 
expected to train other people in the area.   National PHAST trainers for a period of 10 days 
trained 22 PHAST CORPs equipping them with capacity to impart PHAST knowledge to other 
inhabitants in the area. Furthermore, the CORPs had one month in job training supervise d by 
national PHAST Trainers. The PHAST CORPs has formed a community group aiming in 
facilitating community PHAST meetings in the area. 

Training of masons/artisans 

During the training the exercise of recruiting and imparting EcoSan concepts to local masons  
was successfully done.12 masons have acquired EcoSan technical skills, and participate in 

                                                
1 These reactions of communities were collected during PHAST facilitation in community level. They are important towards the 

successes of the lessons learned because it will help in spreading the technology to reach and benefit more people quicker.  
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building the mentioned 95 EcoSan units in hh level and 6 stances in school. Methods used were 
lectures and lot of practices. 

EcoSan construction activities 

Construction activities for the 95hh units were carried out successfully and in time. Generally 
the community acceptability of the project, their contribution and commitment in the construction 
activities was high and encouraging. This is due to the learnt positive  benefits of EcoSan toilet 
including conserving the environment and water. 

Construction materials 

The design criteria for selecting construction materials for EcoSan were suggested which takes 
into consideration the following: - Locally available, easily applied, Affordable and durable. 

With these in mind it was suggested that sand: cement blocks to be used in building the 
substructure. For superstructure the following materials were suggested to be appropriate for 
making the walls: sand: cement blocks, new or used/old iron sheets/tins, timber, thatch etc 
depending on what the household can afford, and provide privacy for the latrine users. For 
roofing, new or used/old iron sheets/tins and thatch were suggested. Timber, new or used/old 
iron sheets/tins and thatch were suggested for making a latrine door (figure 1.).  

Figure 1: EcoSan latrines - superstructures by different construction materials – Majumbasita DSM. 
(Photos by EEPCO 2002) 

Estimate cost for EcoSan latrine 

Constructions of EcoSan latrines in hh level were done in cost sharing between project and hh 
as indicated in the table below. 

Masonry    Thatch    Used/old iron sheets 
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Item Project contribution 
US$ 

HH/community contribution 
US$ 

Total 

US$ 

All materials for Substructure 80  80 

Skilled Labor costs for substructure  12  12 

Casual Labor costs for substructure  3 3 

Construction site and water  Not valued  

Materials for Superstructure- walls and door  Variable.  
 Maximum2                        70 

 

70 

Roofing materials 15  15 

Vent pipe 6  6 

All Labor costs for superstructure  15 15 

Total 113 88 201 

Percentage % 56.2 43.8 100 

Table 1: Cost for one unit double vault HH EcoSan latrine  

EcoSan Pans - types and user’s choices 3 

A Survey conducted in the 43 households with EcoSan latrines 19(44.2%) prefers seating pan 
(figure 2b.) in their toilet and 24(55.8%) prefer squatting pan (figure 2a.).  

Among 95 households using EcoSan latrines 34 (35.8%) have seating EcoSan pans while 
61(64.2%) has squatting EcoSan pans. Choices by families reveal that more people in the 
project area prefer squatting pans than seating ones. 

Ecological gardens 

Study gardens have been established at Karakata primary school field and at individual 
households for trial purposes of recycling nutrients from EcoSan latrines. The plants in the 
gardens include eggplants, ba nana trees, cassava plants etc. For comparison purposes the 
gardens have been divided into two similar portions. Urine was applied to only one portion to 

                                                
2 Costs for superstructure varies depending on the materials used for construction. The maximum cost in the project area is where 

sand: cement blocks were used for superstructure construction. 
3 EcoSan Pans are locally prefabricated using sand and cement for seating pan and aggregate for squatting pan, to be installed in 

EcoSan latrines. 

Figure 2a: EcoSan latrine installed with 
squatting pan (EEPCO 2002) 

Figure 2b: EcoSan latrine installed with seating 
pan (EEPCO 2002) 
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determine the efficiency of urine as a fertilizer. 

Ecosan toilets - users practice 

The project management assisted by community PHAST group has carried a survey to the first 
constructed EcoSan latrines in 44 households in the project area. The survey took place 
between 27 November 2001 and 30 November 2001, to study users practice and behaviour 
change among EcoSan latrine users and find some problems encountered in using the latrines. 
Below are the results and discussions. 

 

 HH with EcoSan 
latrine surveyed 

Latrines 
in use 

Latrines 
not in use4 

Latrines used in 
very good practice 

Latrines used in 
good practice 

Latrines used in 
poor/bad practice 

No 44 28 16 18 9 1 

% 100 63.6 36.4 64.3 32.1 3.6 

Table 2: HH survey results for EcoSan latrine - users practice (source: EEPCO final report for pilot 
project 2002) 

Among the 28 hh using EcoSan latrines 21 hh (75%) said there is no problems in using the 
latrine. The remaining 9 hh (25%) has reported some problems such as smell, difficulty in urine 
separation, dislike of seating pan (especially houses with many user including tenants) and 
difficulties in washing seating pan. The project management with the users has solved the 
problems through participatory leaning and experiences from earliest users.  

It was evident from experience that after people have become familiar with these systems, no 
flies or smells occur, and others opt to install them inside or adjacent their homes, and most of 
their initial reservations have gone. As a result, the number of EcoSan latrine users increases, 
and many has left their old pit latrine, and many have started reusing urine in gardens/p lants as 
soil conditioner. (Charts below) 

Table below illustrate the number and percentage of EcoSan latrine users reusing urine in 
gardens/plants. 

 

 HH with EcoSan latrine 
surveyed 

Latrines in use Latrines not 
in use 

HH using urine in 
gardens/plants 

HH not using urine in 
gardens/plants 

No 44 28 16 13 15 

 % 100 63.6 36.4 46.4 53.6 

Table 3: HH survey results - urine use in gardens/plants (source: EEPCO final report for pilot project 
2002) 

Figure 4 reveals 76% of the total residents in the hhs with EcoSan latrines has left their old 
latrines, and start using EcoSan latrine. The number of EcoSan latrine users in the hhs 
increases with time, depending on the experiences and knowledge given to the hhs occupants 
by the project management and earliest users. 

                                                
4 Latrines that are not in use were still under construction in the time of the survey.  
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Figure 5 Shows that 46% of hhs using EcoSan latrine has ongoing reusing urine as a soluble 
fertilizer in their gardens/plants, and the number is increasing with time depending on the 
experiences and knowledge given to the hhs occupants by the project management and earliest 
users. 

Research & laboratory analyses  5 

A research that included Laboratory analyses and field-testing of urine and dry sludge were 
carried in the department of Civil Engineering department, Water Section in the University of 
Dar Es Salaam. Analyses were supposed to be done in both urine and faeces for nutrient levels 
faecal pollution and heavy metal contents. The main reason being to observe that the excreta 
had or had no any nutrient to support plant life as fertilizer or soil conditioner  and to check the 
level of contamination by both faecal and/or heavy metals.  

Due to time and resources constraints only few Solid Faeces samples were taken on 4 th 
December 2001 for analysis to obtain baseline data that will be compared with the data to be 
obtained from Sanitized faecal matter, to be analyzed when the latrines are filled and covered to 
allow complete sanitized. In addition analysis for heavy metals was dropped.  

Enough urine samples were taken and analyzed from 4 th December 2001 to 26th February 2002. 
The summary of results is given n the table below. 

                                                
5 Research was very important to determine levels of nutrients in both urine and sanitize d faecal matter. 

EcoSan and other Latrines uses 

27%

27%
22%

9%

6%

9% Ecosan Users
MALE 
Ecosan Users
FEMALE 
Ecosan Users
CHILDREN 
Pit Latrine Users
MALE
Pit Latrine Users
FEMALE
Pit Latrine Users
CHILDREN

reusing urine as soil Fertilizer 

46%
54%

Hh using urine
in
gardens/plants

Hh not using
urine in
gardens/plants

Figure 4: EcoSan and other latrines usage Figure 5: Using urine as soil fertilizer 
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Sampling 
pt pH 

COD 
(mg/L) 

TSS 
(mg/L) 

Nitrate 
(mg/L) 

Nitrite 
(mg/L) 

TKN6 
(mg/L) 

Phos-
phorus 
(mg/L) 

Potassium 
(mg/L) 

Faecal 
Coliform 
(No/100 ml) 

Total 
Coliform 
(No/100 ml) 

1 8.8 3850 2060 180.5 7.04 616 6.72 173.4 70 180 

2 8.76 3620 1980 141 9.12 319.2 5.14 71.6 60 150 

3 8.88 3300 1660 165.8 5.42 442.4 10.93 85.6 90 210 

4 8.85 3580 1950 170.4 8.53 302.5 10.54 167.3 70 180 

5 8.82 3560 1900 168.2 5.4 285.6 7.03 49.5 60 170 

6 8.9 3780 2010 195 10.12 518 15.74 54 80 140 

7 8.47 3300 3300 160.4 5.26 228.5 6.82 180.2 60 140 

8 8.78 3520 3520 175 7.44 320.1 3.24 65.8 60 130 

9 8.8 3450 3450 170.5 6.35 298.2 3.67 78.5 80 180 

10 8.66 3380 3380 186.2 6.24 314.5 9.12 143.6 70 160 

11 8.84 3420 3420 165.8 5.46 298.6 8.54 98.2 90 200 

12 8.74 3550 3550 186.5 6.93 386.2 10.22 63.4 70 190 

13 9 4200 2400 125.6 4.75 596.4 24.5 330.8 60 160 

14 9.23 5350 2680 208.5 26.815 1760 75.65 176.5 70 180 

15 9.2 4830 1960 185.2 11.44 1366 47.8 184.3 40 120 

16 8.52 3680 2100 190.4 13.1 967 28.4 104.6 20 100 

17 8.98 5600 2900 235.3 26.25 1580.6 92.3 392.8 190 340 

18 9,02 4950 2460 195.8 10.56 1220.2 67.5 204.4 130 310 

19 9.05 3860 1350 148.3 9.76 783.7 52.9 192.5 170 370 

20 8.93 4800 2160 180.5 15.62 1670.5 70.3 187.9 110 350 

21 8.88 4500 1990 173.9 11.18 982.1 85.6 195.2 150 390 

22 9,21 4150 2080 210.5 16.43 976.5 69.7 148.9 170 390 

Table 4: Table of results for urine samples (Source: EEPCO & University of Dar es Salaam research 
report 2002) 7 

Faecal & total coliform levels in urine 

Research results revealed that, the urine samples contained a few number of faecal coliform 
and total coliforms. The microorganisms’ definitely originates from faecal matter, and is caused 
by the latrine users unexpectedly. However, the highest number of faecal coliforms found in one 
sample was 190 No/100ml is allowable for irrigation when compared to receiving water 
standards category 3 (maximum permissible concentration is 250 No/100ml). However, effort is 
required to prevent any possible ways, which allows the microorganisms to emerge and 
contaminate the urine. There is need of continued advocacy to assist the users on how to use 
the latrines better for improved health. In addition further research is require to see 
improvements in controlling the cross contamination.  

                                                
6 TNK = Total Kjeldahl Nitrogen (Sum of Organic Nitrogen and Ammonium and Ammonia Nitrogen). Total Nitrogen (TN) = TKN 

+Nitrite (N)+Nitrate (N) 
7 Source: Joint research report between EEPCO and University of Dar Es Salaam 
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Figure 6: Faecal Coliform & Total Coliform levels in urine  

NPK values 

According to Johnson (2002), 25-50 kg of faeces is produced per person per year; which 
contain up to 0.55 kg of Nitrogen, 0.18 kg of Phosphorus and 0.37 kg of Potassium. 
Furthermore, an adult may produce ~400 liters of urine per year containing 4.0 kg of nitrogen, 
0.4 kg of phosphorus and 0.9 kg of potassium. Taking these figures into consideration, it means 
that, in Majumbasita per annum, they will produce 550 x 103 - 1100 x 103 kg of faeces with 88 x 
103 kg of N, 8.8 x 103 kg of phosphorus and 19.8 x 103 kg of potassium. Comparing to the data 
obtained it is suggested that there is a great potential in "human waste".  

 

Figure 7: NPK Values in urine 8 

Future plan 

EEPCO is aiming to spread of the technology in Tanzania. Initially,  EEPCO in its action plan 
has included EcoSan promotion activities in Tanzania including: Follow up activity for the 
piloting project in Majumbasita Dar Es Salaam, promotion in schools, Organize National 
Workshop on Ecological Sanitation, Continuation of research on urine and sanitized faecal 
matter and promotion activities Mara region, Mwanza City (lake zone) and Hai District in 
Kilimanjaro region. 

                                                
8 NPK = Nitrogen + Phosphorus + Ammonium 
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Conclusion 

Ecological Sanitation toilets are very suitable for the Tanzanian environment especially in urban 
and peri-urban areas experiencing high water table problems, rocky and collapsible soil. 
Acceptability of the technology in Majumbasita Dar Es Salaam is promising, and people’s 
uncertainties about EcoSan toilets faded away when they observe workable EcoSan latrines in 
their area. The pilot project was therefore vital in introducing EcoSan technology in Tanzania.  

Communal acceptability, affordability, and political determination are very important in 
promoting EcoSan technology in Tanzania. Community involvement from the beginning 
onwards using Participatory approaches such, as PHAST methodology is fundamental for the 
success of EcoSan technology. 
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Abstract 

The national strategy to promote Ecological Sanitation in Uganda has been developed by DWD 
and Environmental Health Division (EHD) in collaboration with the Water and Sanitation 
Program, Africa (WSP-AF). The over-all objective of the strategy is to improve the living 
conditions of the population in Uganda by ensuring better sanitation practices, personal hygiene 
and food security through better management of human excrements. More specifically its 
purpose is to offer as an alternative, a sanitation technology option to perennially difficult areas 
of pit toilet construction as well as to create demand and introduce an environmentally friendly 
sanitation technology option that eliminates the pollution of our surface and groundwater 
resources. 

The strategy is based on the following main principles: 

• Targeted interventions at different levels - from household to the national level. 

• Build on ongoing successful experiences (South Western Towns Water and Sanitation 
Project). 

• Integrated approach to problem management – getting new stakeholders on board and 
attempts to get many institutions buying into the EcoSan concept.  

• Marketing strategies for creating demand tailored to local conditions. 

• Focus on tangible larger-scale successful applications as opposed to scattered ones.  

• Use of small masons as agents of change and promoters.  

• Ecological sanitation as a business – stimulation of cooperation with private sector 
producers and collection service providers. 
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Figure 1: Institutional toilet at Kisoro teacher 
training college (Kisoro, Uganda) 

Figure 2: EcoSan facility for households (Ishasha, 
Uganda) 

Introduction and background 

Approximately 87% of the Ugandan 
population are living in rural areas, in 
villages and small trading centres, where 
only 50% have access to safe drinking water 
and even less to adequate sanitation 
facilities. The traditional means of human 
excreta management have failed in some 
parts of the country. The sewerage systems 
are beyond the reach of most of the 
population and pit toilets contaminate the 
ground water resources and at times are 
hard to construct especially in difficult areas 
like in rocky, sandy, water logged and 
congested places. 

As a response to this unsatisfactory situation 
the South Western Towns Water and 
Sanitation Programme (swTws-I) funded by 
the Austrian Development Cooperation 
(ADC) was launched in 1996. The project 
was designed to cover 19 small towns and 
rural growth centres in the South-west of 
Uganda with the aim to provide safe water 
and improved sanitation facilities. Meanwhile 
the second project phase (swTws-II) is in the 
starting period, which will support 
additionally 30 towns within the next six 
years. The Directorate for Water 
Development (DWD) has the overall 
responsibility for project implementation. The 
above mentioned deficiencies with 
conventional approaches and solutions in a 
way forced the responsible project staff to 
think in alternatives.  That is why DWD 
started promoting Ecological Sanitation as a 
method of human excreta management. The 

idea was to promote a cost effective alternative that can address the ever-increasing land 
shortage (for sanitation activities) in urban and peri-urban areas, avoid contamination of water 
resources, and use the nutrients for agriculture. 

After a series of practical experiences in implementation in the South-western region, 
workshops, discussions, seminars with Swedish experts (like Uno Winbald) the outcome was an 
agreement that Ecological Sanitation concepts would be beneficial for the entire country and 
especially in difficult areas like in rocky, sandy, water logged and congested places. During 
2001, DWD and Environmental Health Division (EHD) in collaboration with the Water and 
Sanitation Program, Africa (WSP-AF) began the process of establishing a National Advisory 
committee on Ecological Sanitation, drawing members from relevant line ministries and 
stakeholders. During the last year the national strategy to promote EcoSan in Uganda has been 
developed, approved and adopted. In a further step a one -year EcoSan operational Plan was 
developed based on the national strategy. 
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Objectives of the national ecosan strategy 

The overall objective of the national EcoSan strategy is to improve the living conditions of 
the population in Uganda by ensuring better sanitation practices, personal hygiene and 
food security through better management of human excrements.  

To finally reach this objective the following intermediate targets will have to be achieved:  

• Equip the national and district technical staff with capacity to advocate for, plan, construct, 
operate, maintain, promote and sensitize the communities on the health benefits of 
Ecological Sanitation. 

• Build the private sector capacity in the planning, construction, operation and maintenance of 
Ecological Sanitation facilities through practical training for construction, operation and 
maintenance. 

• Sensitize the user communities through the district based technical teams on the 
resourcefulness of human excrements towards food security through the recycling of 
sanitized faeces and urine in agriculture as soil conditioners and source of plant nutrients.  

• Offer as an alternative, a sanitation technology option to perennially difficult areas of pit toilet 
construction and promotion with high water table, soft formations and/or rocky grounds. 

• Create demand and introduce an environmentally friendly sanitation technology option that 
eliminates the pollution of our surface and groundwater resources.  

Main strategic considerations 

Building on ongoing activities and experiences 

At very beginning of the process of developing an EcoSan strategy it was found to be 
imperative to take stock of the available experience in and outside Uganda as well as to build 
on these valuable experiences. 

On international level these were mainly the “Household centred environmental sanitation 
(HCES) approach” with the Bellagio Principles: 

• People at the centre 

• Stakeholder involvement 

• Closing cycles 

• Decentralised solutions; 

and the recommendations of the Nanning conference (First International Conference on 
Ecological Sanitation, 5 – 8 November 2001, Nanning, China):  

• The systematic incorporation if ecological principles in the overall sanitation debate.  

• Forging stronger links with (new) stakeholders as agriculture, energy or urban planning.  

• Need for further research in the fields of hygienic aspects, economics, agricultural reuse and 
behaviour. 

These principles and recommendations were guiding the strategy development. On national 
level it were mainly the lessons learnt of the „south western Towns water and sanitation project 
(swTws)“ in Uganda and recommendation of various workshops and seminars influencing the 
shaping of the strategy. 

The national lessons learnt can best be summarized as follows  

• Much more efforts have to go into public sensitisation and promotion campaigns. 
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• Subsidized household sanitation should be implemented, if at all, with caution.  

• There is need for a follow up and monitoring program. Especially during the first year of 
operation of new EcoSan systems users need certain advice on how best to maint ain and 
operate their EcoSan facility. 

• The aspect of safe agricultural reuse and getting farmers to appreciate the nutrient value of 
excreta needs more attention. 

• The Double vault dehydrating toilet is an appropriate technology for small towns. Keeping 
them dry is crucial for their proper functioning (mainly for sanitization).  

• Demand drivers for households to opt for EcoSan are: permanence of structures, little odour, 
construction above ground is possible. This is especially an advantage in case of rocky 
grounds or high water tables. 

• There is a demand for a communal collection service (dry faeces & urine) and construction 
and thus a need to offer these services to the users to ensure a similar level of convenience 
like a flush and discharge system.  

• Local masons can serve as “agents of change” and promoters. 

Coordinated and targeted interventions at various levels  

The recognition of the need for targeted and coordinated interventions at various levels - 
starting form the household level up to the national and international levels (refer to figure 1) – is 
the heart of the strategy and should:  

• Ensure an integrated approach to problem management – getting new stakeholders on 
board and attempts to get as many institutions buying into the EcoSan concept as possible.  

• Avoid isolated and fragmented pilots with limited impact towards influencing the national 
policies and regulations. 

Figure 3: Targeted and coordinated interventions as various levels (WSP-AF, 2002) 

WSP: Eco San Strategy Uganda 1 05/2/2003
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Focus on 2 pilot implementation areas and national EcoSan fund 

The rational for focusing human and financial resources in this early stage of EcoSan 
development in Uganda to 2 pilot areas – the South West of Uganda for a rural and rural 
growing centres and the Sida funded program within part of Kampala City Council - was as 
follows: 

• At present there is limited human capacity to ensure close follow up at household level. 
Therefore it was decide to focus on resources, where close monitoring of the process can be 
ensured. 

• Priority to get successful pilots (urban - Kampala, rural growing centers – South West) on a 
larger scale rather than (isolated) demonstration toilets spread over the country. This was 
also to ensure successful demonstrations to convince local decision makers that EcoSan 
can work also on larger scale (“seeing is convincing”). 

• The implementation activities in the pilot areas provide enough scale for the private sector to 
get attracted and to develop a supply chain for EcoSan products.  

• There is capacity in the pilot areas to ensure that information, marketing and advocacy 
campaigns are carried out parallel to the “hardware” interventions.  

However to ensure successful promotion countrywide and not just strictly limited to the pilot 
areas it is foreseen to establish an EcoSan fund to stimulate NGOs, inst itutions, private sector 
and individuals to come up with innovative proposals. The funding modalities and administrative 
requirements for this fund have yet to be established.  

Bundling the support around 4 main components for intervention 

Figure 4: 4 main components for intervention at the various levels (WSP-AF, 2002) 

Information dissemination, awareness creation and advocacy play a major part to reach out 
to the communities and users. Activities and means will be manifold. Starting with the 
production of information leaflet, dealing with general sanitation and hygiene education as well 
as a proper use of the EcoSan facilities (adding dehydration agent, cleaning activities) to 
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print media) - they all aim at making the EcoSan concept known and to raise the demand for 
investing in such an alternative solution. Additionally the award of an EcoSan innovation price is 
meant to be both an advocacy tool to raise the profile of the EcoSan concept within the 
sanitation sector and a tool to stimulate innovation. To get decision makers on district and sub 
county level buying into the concept advocacy workshops will be held. To provide a proper 
framework for all the mobilisation and promotion activities professional support will be given to 
develop a communication strategy for different target groups. 

Technology and system development as well as applied research  are one of the basics for 
a project or programme implementation. The acceptance of EcoSan systems depends mainly 
on the consideration of the stakeholders’ needs and interests. Workshops and thematic round 
tables bringing producers, experts and users together to share a common understanding on 
possible shortcomings of existing technical solutions and pave the way for further improvement. 
There is need for designs to cater for different conditions and costs. The range of solutions 
should make facilities affordable for the poor but also make them attractive for the upper 
classes. Further steps forward are the construction of demonstration toilets including agricultural 
demonstration plots. These activities should go along with research activities on agricultural 
reuse, economic (cost-benefit analysis) and legal aspects. Eventually all these interventions will 
most likely be more sustainable once operation systems with farmers and operators can be 
established (e.g. through loans, micro credits, trainings) to allow the to make a living out of it 
(“EcoSan as a business). 

Demand responsive training and follow up support can be guaranteed with “mobile” EcoSan 
trainers who are providing courses and workshops in the field and give monitoring support. The 
development of training courses for implementers in the region combined with seminars for 
farmers, local small scale entrepreneurs and operators as well as the training of trainers are 
additional activities. The development of special programmes for schools (like education 
programmes in hygiene behaviour and sanitation topics) and of curricula for universities and 
technical colleges are aimed at increasing the awareness and interest of the pupils and 
students and thus motivating them to play the role of “agents of change”.  

Networking, mutual learning and experience sharing  should help to develop the most 
efficient approach to introduce and promote Ecological Sanitation as well as to identify defective 
developments within a project and to learn from others experiences. At such an early stage of 
the introduction of a new sanitation concept it is important that implementers share their hands 
on experience very closely in order to avoid “reinventing the wheel” many times. It is planned to 
establish an national “EcoSan fund” for exchange visits, thematic seminars, staff -exchange 
programmes, short term expert missions, training, and technology experiments. For an 
extended knowledge base the cooperation with resource centres and UWASNET (a Ugandan 
national umbrella organisation for NGOs in the water sector) is vital. These organisations are 
seen to be instrumental in providing services like producing an EcoSan newsletter, conducting 
annual EcoSan workshops and seminars. The establishment of an “anchor” secretariat for 
networking and coordination at MoH and officers at MLWE as well a the national advisory 
committee on EcoSan. 

Conclusions 

Coordinated and concerted efforts are needed to promote Ecological Sanitation at a larger 
scale. The proposed strategy to develop and promote Ecological Sanitation in Uganda is a 
coordinated effort to both create a critical mass of stakeholders and institutions involved to 
promote EcoSan and focus limited resources (human financial ) to develop EcoSan systems at 
a certain scale. The future challenge is operationalize some of the proposed strategic 
interventions like national EcoSan fund an price as well as to link the strategy and operational 
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plan which still has more the character of a project approach to the national implementation 
framework within the Sector Wide Approach in Uganda. 
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Abstract 

The Enviro Loo is a waterless dehydration / evaporation toilet system that provides a non-
polluting, environmentally friendly, cost-effective and low maintenance solution to the sanitation 
crisis. It offers a standard of respectability and convenience, comparable to a waterborne 
system, yet without the prohibitive costs and obvious strain on precious water resources.  

The Enviro Loo is a sealed, zero-discharge unit that is driven by radiant heat and wind power. 
The human solid waste entering the tank is quickly separated from the urine which is 
evaporated to atmosphere. The solids, by a process of dehydration and aerobic bacterial action, 
dramatically reduce in volume which results in the removal of an odor and pathogen free 
compost-like material, every two to three years, depending on number of users.  

The system was developed in South Africa where it has been operating since 1994 with over 
18,000 installations worldwide. In 1997 the Enviro Loo was awarded the first prize by the World 
Intellectual Property Organization Award (Swiss based) for a significant contribution to African 
innovation in the field of Health Care. 

Introduction 

Many developing countries face an acute crisis in the provision of safe, respectable , economical 
and convenient sanitation facilities. The World Health Organization (1996) estimates that 
approximately 3000 million people  lack even the most basic sanitation- nearly half of humanity. 
Statistics from the United Nations indicate that approximately 380 million of these are urban 
dwellers. 

The risk of disease posed to communities due to a lack of adequate sanitation is well 
documented. Poor environmental conditions caused by inadequate sanitation give rise to high 
rates of diarrhoeal diseases and Helminth infections like Ascaris and hookworm, as well as 
exposing the population to the threat of hepatitis, polio, cholera, typhoid fever, 
methaemoglobinaemia, and numerous carcinogens. 

The lack of sanitation alone is responsible for more than two million deaths per year. Added to 
this are the high levels of contamination of water resources from inadequate sanitation sources.  

The findings of a South African Water Research Commission study reports  that approximately 
46% of South Africa’s groundwater resources are contaminated above the internationally 
acceptable limit. 

Pit Latrines and other sanitation systems that rely on “seepage” into the surrounding soil have 
been identified as a contributing factor to this widespread contamination. Surface water sources 
and living environments are contaminated through spillage from bucket toilets, discharge from 
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pit latrines that can be flooded by storm water during high rainfall periods and exposure of raw 
sewage where waterborne systems have been incorrectly maintained.  

It is these conditions that have resulted in over 80% of the diseases in developing countries 
being related to poor drinking water and inadequate sanitation. Approximately 34 000 people 
die every day due to water related diseases – more than 100 jumbo jets crashing daily!! 

The threat of inadequate sanitation to our water resources and communities couldn’t be clearer.  

The dry sanitation system – a unique solution 

The Dry Sanitation System provides a unique solution to the sanitation crisis. It neither taps into 
precious water resources   nor causes environmental pollution, while producing a stabilized, 
compost-like material that is five percent it’s original volume and safe to handle.  

The system was developed in South Africa as a response to the critical problem in the provision 
of safe, respectable, economical and convenient sanitation solutions.  

Till then, the alternatives had been limited.  

Waterborne sanitation is often seen as the normal method for the disposal of human waste. Due 
to it’s “flush and forget” nature, it is seen as the ideal solution. But the strain on precious water 
resources should not be underestimated. To flush away the 550 liters of human waste in a 
waterborne system, each person requires approximately 15000 liters per annum. Added to this 
is the high cost of, and need for, maintenance of the treatment plants and reticulation systems. 
95% of all sewage produced in developing countries is discharged completely untreated into the  
surrounding water resources. The health risks posed extend beyond those city dwellers 
exposed to the waste, but also results in polluted water resources and a resultant high disease 
burden on the surrounding population.  

The alternatives to waterborne at that stage were either Ventilated Improved Pit Latrines, 
Chemical or Bucket Toilets. The obvious disadvantages from smell and the flies that they attract 
are well known, and those with experience of these systems are well aware of the high 
maintenance costs. Perhaps most importantly though, are the associated health risks created. 
Exposure to raw sewage through spills, overflows and flooding, as well as pollution of 
groundwater resources, results in numerous illnesses and a large number of deaths each year.  

Development of the system 

The research and development of this Dry Sanitation System was initiated by Dr La Trobe in 
1988. Knowledge gained through over twenty years experience in the field of Waste 
Management was harnessed and applied to the development of a system that would provide a 
cost-effective sanitation solution that could operate without a high level of institutional support.  

Various prototypes were tested and evaluated over a four year period. Based on the initial 
positive test results of the process, and after researching various manufacturing materials, it 
was evident that low density polyethylene plastic offered the best structural properties with 
regard to structural strength, flexibility, material lifespan and its inert properties.  

The first plastic molded units were manufactured and installed during February 1993.  

The developers of the system committed the product to a five year evaluation period to ensure 
that the Dry Sanitation System could provide a long term solution. This was achieved by  
installing the units on a widespread basis and monitoring the performance, social acceptance 
and structural integrity of the system.  

These field trials have proved invaluable for the development of the system and have resulted in 
numerous modifications and improvements over the years. 
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Biological operating principles 

Liquid and solid separation 

Faeces and urine drops directly through the toilet pan onto a sloping reception area. The urine 
proceeds by gravity, to the liquid trap at the bottom of the tank, via drainage holes through the 
front portion of the plate.  Any faeces that enters the system at the same time, are later swept 
onto the drying plate by a flat scoop attached below the toilet flap.  

Migration of the solid waste down the drying plate  

The initial push of the solid waste via the scoop onto the drying plate pushes the faeces onto a 
bed of organic and enzymes material that is loaded on commissioning of the toilet. This organic 
additive helps kick-start the decomposition process. 

Any foreign material such as sanitary pads, and various forms of anal cleansing material, is 
pushed along with the solid waste. Toilet paper ultimately breaks down, newspaper and other 
foreign materials merely dehydrate and are easily removed from the collection area, in the  
fullness of time. 

The solid waste slowly, but progressively, moves down the sloped drying plate. This movement 
is aided by the scraping / pushing action of the flat scoop attached below the flap.  

The surface of the drying plate has a number of ridges across the width of the plate designed to 
retard the progress of the solid waste. This ensures the waste is constantly aerated thereby 
stimulating a reduction in volume via the subsequent evaporation of liquid.  

In order to avoid contamination of the dried waste, the waste material is periodically removed 
from the drying plate collection area and deposited into a hanging bag. This waste then remains 
in the bag for an approximate period of eighteen months to two years prior to removal from the 
system. 

The waste contains a myriad of organisms contributed from the faeces itself and the starter 
organic material, in a symbiotic arrangement of survival of aerobic mechanisms, bacteria, 
protozoa, helminths, yeast cells, other commensals plus, of course, a high volume of dead 
cellular waste. 

At various times the waste might contain evidence of maggots, larvae and grubs, which are all 
part of the breakdown and stabilization process.  As the dehydrating material gradually moves 
towards the collection area, the microbiological activity will begin to slow down due to a lack of 
moisture. 

The time frame (retention period) from entry of the solid waste, until the waste is removed from 
the collection area, depends on the number of users per day and according to the local climatic 
conditions namely average wind velocity, ambient temperature and humidity levels.  

After widespread utilization of the system in South Africa, it has been the experience of the 
developers that some of the dried humus like material need only be removed approximately 
every eighteen to twenty four months. 

Aeration of the waste 
The ventilation through the system is such that during the period that the waste moves down the 
drying plate it is constantly subjected to a large airflow. 
For example with a relatively lo w wind speed of 4 kilometers per hour we can estimate an 
airflow of approximately 100 to 150 cubic meters per hour through the system.  
This continual airflow has the following effect on the solid waste:  
A reduction in volume through evaporation of the high moisture content. 
The oxygen devitalizes the pathogenic organisms. 
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The oxygen acts as a deodorizing agent. 

Biological heat within the solid mass 

It is a well known fact that in the course of the composting process, there is a build-up of heat 
within the mass of the composting material.  Temperatures of sixty five to seventy degrees 
Celsius are not uncommon, particularly with “forced aeration composting”.  

This sort of scenario would never be achieved within the solid mass in such a Dry Sanitation 
System.  Temperatures of 55 degrees Celsius and above can be reached directly underneath 
the sealed manhole cover. 

Within the solid mass on the drying plate it is doubtful if the internal temperature would ever go 
above thirty five to forty degrees Celsius for the following reasons: 

• The solid mass on the drying plate is too small to retain heat.  

• Any heat build-up, no matter how small, is quickly dissipated by the incoming air.  

• To reduce the in-flow of air could result in anaerobic conditions within the system.  

“Radiant heat” therefore contributes to the operation of the system, via the heat build-up 
underneath the manhole cover and through the approximate ten degree increase in 
temperature, above ambient, within the ventilation pipe causing a convection current, which 
assists operation of the ventilation extractor and thereby positive ventilation extraction through 
the system. This creates a negative pressure within the container.  

The other important aspect of the stabilization process is the prolonged dehydration proc ess, 
thereby retention period, resulting in subsequent bacteria attenuation and devitalisation.  

The following graph by Feachem at al (1983) depicts the elimination of pathogens related to 
temperature and time. 

This demonstrates that at a temperature of approximately 35 degrees Celsius most pathogens 
would be reduced below hazardous level within a retention period of one year. It is therefore self 
explanatory, that if the waste has a retention period of between 18 to 24 months, it is very 
unlikely that disease causing pathogens would survive at infective concentrations, apart from 
helminths. 

Viruses from human waste will not survive outside the host body for longer than three month 
periods. 

The eggs of Ascaris worm cysts and other helminths are however capable of extended periods 
of survival at temperature below 65 degrees Celsius. In order for the stabilized waste to be free 
of worm cysts, it should be subjected to the process of “Forced Aeration Composting” which will 
ensure the desired temperature levels of 65 degrees Celsius or more. 

Evaluation and scientific studies 

Baralink, South Africa 

In April 1996, the Johannesburg Transitional Metropolitan Council conducted a study of thirty 
Enviro Loo Dry Sanitation Systems installed in the Soweto community of Baralink. The study 
was sponsored by the South African Water Research Commission and monitored by the 
independent firm of consulting engineers, Stewart Scott. The monitoring team consisted of 
officials of the Council’s Department of Health and Social Welfare, Cydna Laboratories (Water & 
Waste Directorate) and Stewart Scott. The quarterly progress and follow up meetings were 
attended with additional observers from the Department of Water Affairs and Forestry, Mvulu 
Trust, representatives from Enviro Options, members of the Baralink community and 
representatives from the SAWRC. 
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The project continued over a period of a full calendar year in order that the toilets are subjected 
to the conditions of the four seasons of the year. 

The thirty families using the Enviro Loo System, and an equal number for the control group 
consisting of adjoining neighbours, were visited by the monitoring team twice a month for the full 
year. 

The two significant results of this study demonstrated that:  

• Those families using the  Enviro Loo had a dramatic decrease in gastroenteritic diseases 

• The system gained community acceptance 

Cydna Laboratories then continued to monitor and analyze the waste. The following details their 
findings. 

Date of sample 
test 

Moisture content E.Coli count* Coliform* Salmonella 

8 Dec 1998 15.82% -ve 
nil 

Nil -ve 

8 Dec 1998 12.49% +ve 
30 

30 -ve 

14 May 1999 15.7% -ve 
<10/g 

<10/g -ve 
 

14 May 1999 11.8% -ve 
<10/g 

<10/g -ve 
 

10 August 1999 N/A -ve 

<10/g 

<10/g -ve 

10 August 1999 N/A -ve 
<10/g 

<10/g -ve 

*Bacterial count measured as number of bacterial units per gram of sludge material 

Figure 1: Cydna laboratory results 

Botswana survey 

An assessment of the Enviro Loo dry sanitation system was conducted by the Technical Unit of 
the Department of Local Government and Development, for the Ministry of Local Government 
Lands and Housing – Botswana, in April 1997. 

The final recommendations stated “In the final analysis the task force came to the conclusion 
that in view of the present sanitation situation in our country some recommendations should be 
made in favor of adopting this Non-Flush Dry Sanitation System in Botswana.” 

Northern province task team 

The Enviro Loo dry sanitation system was evaluated in October 1995 by a task team that was 
appointed to conduct research for the Department of Education into cost-effective schools for 
the Northern Province, South Africa. Numerous systems were evaluated and the conclusions 
stated “If either a main sewer line or a sewage farm or enough water were not available then the 
tested Enviro Loo dry sanitation system should be installed and be given preference above the 
other alternative sanitation systems” 

Evaluation by S. Bannister et al 

The Enviro Loo dry sanitation system was evaluated by S.Bannister et al, South Africa. The 
findings were published as a scientific paper at the 23 rd WEDC International Conference in 
Durban 1997. This was an interim report based on the first six months of the Baralink study.  
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Locations and applications 

To date, over 18,000 units have been installed throughout  South Africa, neighbouring countries, 
namely Botswana, Namibia, Mozambique, Zambia, Zimbabwe and countries further a field, 
such as Australia, Brazil, Cameroon, Cyprus, Gabon, Ghana, Greece,  Kenya, Nigeria, and 
Uganda . Some test units are on trial in Kuwait, New Mexico – USA and 

Papua New Guinea. The system has been patented in some 69 Countries.  

The Enviro Loo can be utilized in a variety of applications, including:  
• Domestic / Residential, urban, peri-urban and rural housing 
• Schools and Clinics 
• National Parks, Game Farms and Farms  
• Holiday Cottages 
• High water table and rocky areas 
• Underground – Mines 
• Roadside toilets 
• Particularly effective where water resources are not freely available  

Conclusions 

This unique dry sanitation system does not totally fall into the category of a composting 
sanitation system. Nor was it designed as such, but as with a compost sanitation unit, the final 
product is a dry humus -like material. 

When ultimately ready for removal from the unit, which might be only two to three years after 
commissioning, it is relatively safe to handle. As a result, it does not require the expensive 
services of a vacuum tanker but can be transported on an open truck, as it is odorless. It 
should, however, be subjected to a process of “Forced Aeration Co mposting” to devitalise any 
remaining Helminths. 

This technique of handling and treating primary sewage is capable of being a major contender 
in the field as an  alternative sanitation solution to waterborne systems, while providing an 
innovative technique to stabilize and safely dispose of human waste products in a manner that 
the end products will pose no threat to the environment or the users.  

The technique was scientifically developed and well tried and tested in the field in a number of 
countries before finally being offered as an alternative sanitation solution.  

The design and manufacture is robust and has proved to withstand abuse. It is a completely 
sealed, zero-discharge system which requires little maintenance and is relatively inexpensive to 
manufacture. 

It is capable of fulfilling the sanitation requirements of rural, peri -urban and urban large scale 
communities under divers climatic conditions. 
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Abstract 

The wastewater concept for the Lambertsmühle with urine separation, the greywater and 
brownwater selection is described. The installed sanitation technology is one of the 
prerequisites for the source separation; here different types of toilets are in use. In a one and a 
half year investigation program the affectivity of the separation was checked. No nitrogen losses 
did occur in the urine storage, neither in normal nor in acid storage conditions. Most of the 
persistent organic pollutants from hormones or pharmaceutical residues were found in the urine. 
Some of them could be degraded under acid storage conditions. The urine worked as a fertilizer 
like normal mineral fertilizer, but it is recommended to mix the urine with animal manure by 
using on the farmlands. 

Introduction 

The “Lambertsmühle” is an ancient watermill, which is nowadays operates as a museum. In 
connection with the restoration of the building a progressive sanitation concept has been 
developed for the museum. The mill building has a public area for visitors, guests etc. and a flat 
in the first floor, which is rented to a family. Due to the local conditions a connection to a sewer 
network system was not possible. Therefore an own wastewater treatment is also necessary in 
the future and it was decided to install a source-separating concept.  

The separate collection of urine (with or without flush water named as yellow water), faeces 
(brownwater) and greywater from the kitchen, bathrooms is the prerequisite for the concept. For 
the separation of urine and faeces different toilets are installed.  

                                                
*This paper has been peer reviewed by the symposium scientific committee 
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The different types of separating toilets are shown in figure 1. Two toilets separate the urine 
from the faeces by a small wall in the toilet bowl, but they mix the urine with flushing water. This 
dilution of the urine is very important for the volume of the urine storage and its transport, 
because the daily input volume controls this. Therefore a low – or better – no dilution is 
recommended. Especially the toilet shown in the centre of figure 1 can cause problems if used 
by children. The faeces can be placed in the front part of the bowl and must be removed and 
cleaned manually from the toilet bowl.  

The toilet on the right side is a toilet with a special mechanism for urine diversion. While sitting 
on the toilet a valve opens under the users weight and the urine can pass the small outlet in the 
front area. By leaving the toilet seat, the valve closes and the flushing water is able to clean the 
whole bowl and leaves the toilet bowl by the faecal outlet. The advantage of this toilet is the 
undiluted urine separation and the hygienic proper cleaning of the whole toilet bowl by the 
flushing water.  
 

 
Figure 1: Separating toilets installed at the Lambertsmühle, left: BB-Innovation, Sweden, centre: 

WostMan, Sweden, right: Roediger, Germany 

The urine of these toilets is collected in a special tank and is used by a farmer as fertilizer on his 
farmland.  

Faeces and greywater are flushed normally  to the wastewater treatment plant. The solids are 
removed in a special separation unit, collected and dewatered. After composting these solids 
can be used also as a soil conditioner. The liquid phase from the separation unit contains only a 
small amount of nutrients and can be treated easily. In the Lambertsmühle project the biological 
treatment is done in a constructed wetland. After this process the water is given to the receiving 
water. 

A scheme of the sanitation concept regarding to the water and the nutrient cycle is shown in the 
following figure.  
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Figure 2: Sanitation concept Lambertsmühle  

This is one of the first urine separation projects in Germany, which is inspired by project in 
Sweden (Hellström and Johansson, 1999), which successfully collecte d urine and reused it as 
fertilizer after a storage time. The results, experience and recommendations of the various 
projects are published in various publications (Johansson, 2001, Höglund 1998,2001) and can 
be shared by this project.  

Methods 

For the project described above an investigation program has been running for 18 months. 
Different partners are involved with various task, which are described in the listing:  

§ Efficiency of source separation and of each stage on the basic of concentrations and mass 
balances 

§ Increasing of the knowledge of such systems and ideas for further developments  

§ Experiences with storage, treatment and utilization of the nutrients from the urine  

§ Investigations concerning operation of the various compounds (toilets, treatment, uti lization)  

§ Investigations of the nutrient utilization in the agriculture by lab scale experiments and on-
site on small scale fields nearby 

§ Investigations of hygienic issues 

§ Measurement of persistent organic pollutants (pharmaceuticals, hormones etc.) in the 
different flows and the influence of storage and treatment especially of the urine on these 
pollutants 
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§ Recommendations for optimisation of source separation systems  

For fulfilling the tasks above various campaigns with measurements took place. In this 
campaigns the water volume of the different flows were measured and samples were taken for 
analyzing. A methodology for the identifications of 17 persistent organic pollutants 
(pharmaceutical residues and hormones) was developed for the urine with its high salinity. All 
flows were analyzed on these substances and on hygienic parameters. The collected urine was 
used as fertilizer either on lab scale or on farmlands with grassland nearby the mill  

Basing on this values mass balances and various calculations were made. 

Results and Discussion 

The ratio of the volume of grey- and brownwater is varying during the different measuring 
campaigns (figure 3). A mean ratio of 40 % brownwater and 60 % greywater can be measured. 
The flushing water causes the high value of the brownwater volume from the toilets.  

 
Figure 3: Volume distribution of brownwater (dark) and greywater (bright) 

The comparison of the nitrogen loads from the different sources show the main fraction in the 
brownwater, greywater contains only a small load of 22 – 45 % of the total load: 

 
Figure 4: Nitrogen distribution of brownwater (dark) and greywater (bright)  

The concentrations of the organic parameters in the flow into the constructed wetland in the 
terms of COD and BOD5 have shown concentrations, which are comparable to normal domestic 
wastewater. Here 250 – 800 mg/l COD did occur in the influent of the constructed wetland.  

The demands for the wastewater treatment, given by the authorities, can be fulfilled without any 
problems by the constructed wetland as treatment plant. The separation of the urine results in 
much lower nitrogen concentrations into the constructed wetland compared to normal treatment 
plants. Elimination rates for nitrogen of the constructed wetland have been always nearly 95 % 
and increased with ongoing operation time. 

Although one conventional toilet of the flat, which is one of 5 installed toilets, could not be 
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replaced by a toilet with separation technique and the urine from this toilet was not separated, 
the influent nitrogen concentration to the constructed wetland was less than 20 mg/l and could 
be degraded down to 5 mg/l in the effluent of the constructed wetland.  

Because of the operation as a museum the user frequency can vary very wide. Especially 
during visiting times the loading of the wastewater treatment plant increased significantly. For 
these days the buffer capacity of the constructed wetland worked very proper and no higher 
concentrations in the effluent did occur.  

The separator was constructed as a filter-bag, in which the solid material was retained, the 
liquid drained off. Organic material like woodchips or wood shavings was added as additional 
carbon source and for a better dewatering. This unit worked with the processes of separation, 
collection and thickening of the solid from brown- and greywater. The solid separation in the 
compost separator was very effective, but the dewatering processes didn’t work very proper. It 
was assumed, that the diameter of the filter-bags was too large, furthermore the handling of the 
bags was very uncomfortable due to the large size. Therefore replacing of a smaller one to 
increase the dewatering capability by increasing of the total surface should optimize the bag. 
Results of this replacement are still missing, because it is in operation for a few weeks. 

Samples taken from the urine tank have had ammonia concentrations about 1.200 mg/l and a 
COD with more than 10.000 mg/l. These concentrations were in accordance with the 
calculations made with the theoretical dilution of the urine by water for flushing purposes. 
Calculations made with the assumption of 85 % nitrogen originated from the urine showed a 
capture rate of approx. 50 %. The one toilet in the flat, which is not separating urine and collects 
all wastewater from the toilet together, caused this low rate. Taking this into account the values 
are in accordance with the experience in Sweden, where a nitrogen capture rate by urine 
separation of 60 – 70 % was measured (Jönsson et al., 1998). 

The urine was stored under different conditions. In a first period sulphuric acid was added to 
keep a pH < 3 for many months. In this time no pathogens were measured in the urine. In a 
second phase no acid was added and the urine was stored without any condition. Then a pH 
value of 8,3 – 9 occurred in the storage. Although under these conditions ammonia occurs, no 
smell could be noticed by the owners. Only after opening the tank a light smell was noticed from 
the tank. During the storing a sludge settled on the top of the tank was noticed. Theref ore the 
mixing, e.g. with a pump is necessary before emptying the storage tank.  

Figure 5: Nitrogen losses of urine during storage 
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For the estimation of possible losses during the storage specific measurements were made 
(figure 5). Neither without any acid conditioning nor under acid storage conditions the losses of 
nitrogen could be noticed over a period of four months.  

These results were supported by the opinion of the museum staff, which never noticed any 
disturbances by smell of the wastewater treatment plant. Therefore they were very satisfied by 
the separation concept. These results are in accordance with the Swedish experience, in which 
only the occasional adding of caustic soda for the avoidance of sewer clogging was 
recommended (Johansson, 2001). Clogging of pipes, mainly of the urine pipes was not noticed 
in the sewer system of the Lambertsmühle.  

One of the main project’s tasks was the determination of residuals from pharmaceuticals and 
hormones in the urine. Until the start of the project experiences with analysing these 
compounds didn’t exist. So one the main task was the development of analytical techniques for 
the urine matrix.  

Residuals from pharmaceuticals were mainly found in the urine, only very small concentrations 
could be found in the greywater or in the brownwater. Hormones were also found, mainly as the 
natural hormones, in the greywater. In the end the sum of indicated substances was very low. 
The spectrum of identified substances was the same known from normal wastewater effluents. 
The degradation of these substances in the urine increased with decreasing pH-value. When 
some substances could be degraded in an acidic environment, this didn’t occur under neutral 
conditions. 

The urine was used for fertilizer experiments in greenhouse and free-range environmental 
conditions. The nutrient utilizations have been excellent for the tested plants. Either under 
realistic conditions or in the greenhouse investigations the growth rates of the plants fertiled with 
urine was slightly better than with mineral fertilizer or manure. The very low concentration of 
heavy metals in the urine could be recognized as a significant advantage versus other mineral 
fertilizers. The acidification of the urine prevents ammonia stripping and the urine is an 
additional input of sulphur into the soil. Nutrient balances of the small-scale experiments show a 
better utilization of the nutrients from urine compared to other mineral fertilizers.  

For the use of the nutrients from urine enough agricultural space was available . Rough 
estimations show that for the use of 25 % of the total nitrogen from the wastewater only 2,5 % of 
all fields used for agricultural use is necessary.  

Conclusion 

The results of the first year of operation of the urine separation system can be named as: 

§ Not every separation toilet can be recommended, esp. for children.  

§ Nitrogen loss by urine collection and storage is unelectable in neutral conditions as well as 
in acid conditions.  

§ Urine storage in acid conditions destroys pathogens and affects a hygi enic harmless 
fertilizer. 

§ Persistent organic pollutants are mainly concentrated on the urine. Specific components can 
be degraded by storage in acid conditions. 

§ The solid removal in the compost separator is very effective. The unit is responsible for 
collection, separation and dewatering processes; the composting effect can be neglected.  

§ Due to the source separation the effluent values of the constructed wetland are very low 
concerning the nitrogen concentration.  
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§ The first results of the agriculture investigations are demonstrating a good efficiency of the 
fertilizer on special plants. Further investigations are under progress.  

The increasing focus on persistent organic pollutants, which are distributed by human 
wastewater in the surface waters, is supporting the installation of the source separation. With 
separation of the urine the wide spreading of these components in the natural environment can 
be avoided. Additionally the emission of nutrients in the receiving waters can be reduced and 
artificial fertilizer can be replaced. 

The first results of this project are very promising and are showing a lot of benefits of the source 
separation concept. The efficiency of the treatment can be increased by the source separation. 
Urine can act as a very good fertilizer and can be hygienically harmless by specific storage 
conditions.  
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Abstract 

Nepal is a landlocked country and its three sides are surrounded by India while big mountains 
towards China segregate the north side. It has an area of 1,47,181 sq.m. with a population of 
23.1 million (Census report 2001) with significant human and geographical diversity. Still 84% of 
the people live in rural areas. The population growth rate is 2.2%. Agriculture has an important 
role in the economy of nation. Various governmental as well as non-governmental reports say 
that more than 80% of the economically active population is employed in the agricultural sector. 
Still more than 40% of the population falls below poverty line with per capita income of only US$ 
249. 

Since past many decades, Nepal continues to suffer high mortality and morbidity rate tolls about 
28000 deaths of children per year nation bears the damage of about Rs. 4 to 10 billion each 
year which is 1.5 to 4% of the GDP. Recent census report (2001) shows that 46% of the 
population has access to latrines where more than 50% of them are temporary. 80% diseases 
are caused by insanitary condition.  

Ecosan has been practised for the past many generations in Nepal in different forms. The 
author has visited many places where farmers have used excreta and urine separately for 
feeding pigs and for growing crops and vegetables since last many years. Average people have 
"Feco-phobia" i.e. they do not like to hear the word "excreta", but few farmers take even raw 
(fresh) excreta from latrines to their vegetable garde ns and grow good quality of vegetables 
which are tasteful and highly demanded.  

In Bhaktpur district of the Kathmandu valley, an interesting event happened in past when the 
government of Nepal with the support from donor agency constructed a sewerage system there. 
The farmers had broken the sewers of the project and taken the raw sewage to their farm-lands 
with buckets. Even these days, farmers use direct fresh sewage from sewers to their farms in 
different places. 

Recent report of one of the village development committees (VDCs) in Gorkha district, 150 km. 
away from Kathmandu, says that some of communities of the VDCs defecate in open pit (1' X 1' 
X 1') in a corner of a room of the house for feeding pig. They beat their kids in case they 
defecate elsewhere. An appropriate example of ecosan has been observed by the author in 
Sidhipur VDC of Lalitpur district in Kathmandu valley. The farmers have constructed small 
water-seal pit for collection of urine in their house. They pour ash after each urination and use 
them as fertilizer for kitchen gardens. They have pit latrines away from their houses where they 
put leaves or other organic materials to cover the faeces. This system of sanitation have been 
practised for the past many generations. These are few examples of the uses of excreta and 
urine in Nepal. 

The author after participating the 1st International Symposium, 2000 in Bonn, Germany, 
discussed the outcomes of the symposium in National Sanitation Action Steering Committee 
comprising of members from donors, NGO, INGO and developed a proposal to launch a pilot 
project on ecosan with technical and financial support from WHO, Nepal.  
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The pilot project has been approved and launched in Sidhipur Village Development Committee 
located 3.2km East of Lalitpur Sub-Metropolis and 7 km away from Kathmandu. It is situated  
1372 meter above sea level and has a population of about 5685. It has 99.8% Newar ethnic 
population. Among these Newars, there are 80% Jyapus (farmers) and rest are others.  

The main objective of this project is to have a pilot project on ecosan toilet installed and 
amalgamate the sanitation and agriculture for better environment and health of the people.  

Most of the houses in this village do not have sanitary toilets. They go to river side for 
defecation. In this village, most of the farmers use animal manure and raw human excreta as 
fertilizer for crops and vegetables. They have been practising since ancient days although it is 
unhygienic. Thus, the village is a right place to launch this ecosan project to reduce the 
environment the health hazard and to train them in proper way of using the human excreta free 
from pathogenic germs as safe fertilizer. 

The construction of ecosan toilet would be started in order of individual houses who prefers to 
invest having the ecosan toilets. The phases have been designed as follow:  

• Community consultation and designing 

• Construction and orientation 

• Lab testing, monitoring 

The community consultation and designing phase is on-going and the construction work will be 
stared in few days. The detail of these will be included in the paper. 

A proper monitoring system is designed to promote the construction, the operation & 
maintenance of toilet and the uses of excreta & urine as fertilizer.  The study is also focused to 
develop the uses of the fertilizer for different crop-pattern, to access NPK value in excreta & 
urine and the presence of pathogens in different stages of excreta & urine. The Environmental 
Sanitation Project is going to develop a plan based on the experience learned i n the pilot project 
for implementation of ecosan program through country. 
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Abstract 

The main objective of this paper is to share our preliminary experience in planning and 
developing an urban ecosan pilot program in (Tepoztlán) Mexico, which includes ecological 
toilet promotion, water demand and graywater management, rainwater harvesting, organic 
residue recycling, urban agriculture, and environmental education. The promising start of this 
project (named TepozEco) has been based, primarily, on its iterative, flexible, responsive 
design process -adaptive planning- and a strong network of partners and collaborators. Even 
though the local context is to some extent unique, particularly in regards to the institutiona l 
resource base, local environmental awareness and the local government commitment, the 
social economic conditions in the municipality in many ways reflect those in much of Latin 
America. Thus, the TepozEco project could serve as a good ecological sanitation example for 
much of Mexico, central and South America. 

Introduction 

This paper presents the principal characteristics of the planning and start -up phases of a holistic 
ecosan district program in Tepoztlán, a small urban center 70 km south of Mexico City . The 
ecosan program, named TepozEco, encompasses a population of approximately 33,000 and 
includes ecological toilet promotion, water supply and graywater management, organic residue 
recycling for urban agriculture and public gardens, and environmental education. 

Tepoztlán has a rich institutional base, a dynamic society with a special history of environmental 
activism, and strong local government leadership and commitment. The socio -economic 
situation –including poor indigenous rural villages, a transitional middleclass, as well as wealthy 
weekend homes – are, in many ways, a microcosm of conditions and contrasts prevalent in 
much of Latin America. At the top of a watershed, within a national park and important biological 
corridor, and as a tourist destination, the municipality is both politically and environmentally 
strategic. 
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The case study will attempt to highlight the following elements:  

• The local socio-cultural and environmental characteristics of the district that make Tepoztlán 
an ideal place for an ecosan pilot program.  

• The importance of having a strong network of partners. 

• The advantages of developing an iterative, flexible, adaptive planning process.  

• Implementation strategies and future plans. 

Background information on Tepoztlán, RedSeco  and TepozEco Pilot Project 

Tepoztlán is a municipality with enormous contrasts, ranging from poor indigenous villages, 
through a dynamic urban center of approximately 18,000 inhabitants, to luxurious suburban 
homes for some of the most influential people in Mexico. The town is deeply rooted in its 
distinctive blend of indigenous and Hispanic cultures and traditions, as well as a special history 
of environmental activism. For example, largely due to pressure from the local population and 
leaders, in 1937 the entire area was declared, by presidential decree, the El Tepozteco National 
Park; and in 1988 was included in the environmentally strategic Biological Corridor 
Chichinautzin. Then, as recently as 1994, the town went through a lengthy and sometimes 
violent struggle  where the people and their leaders, motivated primarily by their concern to 
preserve the natural beauty and integrity of the local environment, opposed and managed to 
back down an international consortium that had initiated a major "golf resort" venture. In order to 
keep the corrupt state officials at bay, Tepoztlán declared itself a "free municipality" and had to 
survive through almost two years with virtually no support from the state or federal 
governments. The same environmentalist municipal president (or mayor), who had stood 
against these external interests, was reelected to serve for the present 3-year term from 2001 
through 2003. 

Recently, Tepoztlán has been included in a comprehensive district development program, 
coordinated by the Ministry of Tourism, which aims at conserving the natural and cultural 
heritage of 12 distinctive Mexican towns, as the cornerstone of sustainable tourism. A key 
element of the approach has been the establishment of a representative non-profit association, 
“Tepoztlán Valle Sagrado” (TVS -“Tepoztlán Sacred Valley”), to guide multisectoral 
development activities in partnership with local, state, and federal governments. This 
community-based organization promises to be an important vehicle for promoting ecological 
approaches and for insuring the continuity of the TepozEco program beyond the 3-year 
municipal government timeframe. 

Because of its location at the top of the watershed, Tepoztlán does not receive waters flowing 
from upstream villages. The seat of the municipality is thus responsible for water pollution in 
streams and wells in the valley –and further downstream. The clean water that flows down the 
mountains, after passing through various villages, gets polluted with gray and black waters, as 
well as garbage that are dumped into the ravines and rivers. In addition, an estimated 70% of 
the urban population uses waterborne systems emptying into septic tanks that seldom conform 
to adequate standards. Therefore the untreated contents filter down into the soil and 
underground fissures presumably contaminating unconfined and confined aquifers, which 
supply water to most of the population. 

The RedSeco, an Ecological Sanitation Network in Mexico, has had a central role in the 
multidisciplinary planning process and will be a key mechanism for implementing the program. 
The Network is made up primarily by NGOs, academic and research institutions, as well as 
members of the local government, who share a common concern for the progressive 
deterioration of public health and the environment due to unsafe and unsustainable 
conventional sanitation approaches. During the past several years, members of the Mexican 
RedSeco have made significant gains in demonstrating that eco-sanitation approaches can and 
should be an integral part of government programs. 
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In partnership with the local government, the RedSeco initiated a series of preliminary studies 
and trial experiences in Tepoztlán, during 2002, leading to a combination of program 
components and strategies that have a high promise of introducing a sustainable urban ecosan 
system. Moreover, the flexible, responsive design process has established an open and 
creative working environment and solid interinstitutional and intersectoral relationships.  

The special social, political and environmental characteristics of Tepoztlán facilitated the 
development of the TepozEco ecosan project.  In response to an invitation from the Swedish 
EcoSanRes program, Sarar Transformación SC (Sarar-T), with support from the United Nations 
Development Program / Environmentally Sustainable Development Group (UNDP/BDP/ESDG), 
submitted a preliminary project proposal in mid-2002; organized a study visit to China with local 
government officials in November; and negotiated a tripartite Project Agreement between the 
Local Government of Tepoztlán, the Stockholm Environment Institute (SEI) and Sarar-T 
beginning in January 2003.  The main objective of this initial one -year pilot project, financed by 
EcoSanRes/Sida, is to carry out the research and development demonstration phase of the 
TepozEco program, leading to a full scale implementation program involving ecological toilet 
promotion, water demand management, graywater management, rainwater harvesting, organic 
waste management to produce compost for urban agriculture and public  gardens, one or more 
eco-stations for secondary treatment of toilet output, and environmental education.  The overall 
5-year goal of the program is to create a fully functioning example of urban ecological sanitation 
in at least one peri-urban neighbourhood and an outlying village of the Municipality. This model 
ecological town of 33,000 inhabitants will be a living example for the Latin American region to 
study and learn from, and to generate further global interest and capacity.  

Methods 

Whereas Tepoztlán offers unusually favorable conditions for establishing an ecological 
sanitation demonstration site within an urban-to-rural spectrum, the program designers are 
aware that positioning ecosan into the mainstream of infrastructure planning and procedures wil l 
probably not happen through the standard linear interventions. Traditional sanitation has never 
been a high development priority, and it will probably be the same for ecosan, no matter how 
appropriate it may seem. The 1-year program planning approach has been holistic, incremental 
and iterative, where the distinctions between small demonstration activities, applied research 
and participatory planning are frequently blurred.   Key elements process include:  

• Integrated approach 

• Partnerships 

• Adaptive planning 

Intergrated approach 

The program has been designed with five complementary components, which share the 
common aim of creating an environment that will be conducive to the emergence of ecologically 
sustainable sanitation practices. On the one hand the strategy intends to reinforce those 
conditions or “drivers” which will help motivate the families to assume eco-sanitation practices, 
while, on the other, discourage conventional systems by highlighting their social, economic and 
environmental costs. The follo wing diagram illustrates the key elements of the approach:  
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Figure 1: Diagram of the principal components and interactions of the TepozEco ecosan program 

Partnerships 

The project foundation has been built upon a strong network of partners at local, regi onal and 
international levels: 

1. Local 

In addition to the municipal authorities, who have demonstrated an unusually high level of 
competence and commitment, the project implementers have made special efforts to include a 
range of local NGOs and civic groups, which have experience in various related disciplines 
including: 

• Micro-watershed conservation 

• Nutrition, family vegetable gardens, and school programs  

• Micro-enterprise development, training for masons and plumbers 

• Environmental education 

• Integrated district development and tourism 

A particular strategy of the TepozEco is to contribute to the social capital of the community and 
thus have spin off effects in other development spheres. 

2. Technical and academic 

The RedSeco is constituted by the a number of Mexica n and Latin American associates, with 
specialization in a number of fields, for example: 

• Environmental education and dissemination of alternative waste management techniques.  

• Promotion of water-saving practices by popularizing alternative technologies: dry  ecological 
sanitation, graywater filters and rainwater harvesting;  

• Agro-ecology, urban agriculture, and organoponics; 

• Research into organic residue treatment and disposal to ensure pathogen’ risk reduction and 
the safeguarding of public health;  

• Crop research, applying human urine to fertilize vegetable gardens and improve soils;  

• Human development, environmental health and participatory training.  

1. Ecological 
sanitation 

5. Education / training 4. Urban agriculture 
composting   

3. Graywater 2. Water supply  

nutrient recycling promotion 

Integrated eco-solutions water conservation 
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3. International –EcoSanRes/SEI and UNDP 

The TepozEco program in Mexico is among the projects that EcoSanRes suppor ts. Ron Sawyer 
of Sarar-T is also one of the core consultants of this project. In addition to the support in 
capacity development, methods development and evaluation, the EcoSanRes program gives 
the TepozEco project access to a broad range of international specialists.  The TepozEco 
project continues to count on the support of the UNDP/ESDP, which played an essential role in 
nurturing the project during the trial phase in 2002. 

Adaptive planning process 

Another key aspect for the relatively successful start of the project has been the iterative, 
flexible, responsive design process, which we have termed adaptive planning. In Mexico, as in 
much of the developing world, rigid plans are destined to failure because, among other things, 
the people, government and institutions often lack the “rationality” and “progress” ideals of 
western culture. In fact, due to certain cultural hurdles (e.g. institutionalized corruption, absence 
of long term planning), many examples can be cited where a beautifully designed project  in 
Stockholm or Hamburg would be painfully and frustratingly difficult –or impossible! - to 
implement in a poor nation, despite adequate funding. Understanding this from the beginning, 
we incorporated uncertainty and flexibility into the planning of TepozEco. By participating with 
the local government and key organizations beyond the scope of the project, we have built 
important cooperation bridges that, despite the apparent initial detour of our objectives, have 
strengthened the TepozEco program. 

One example of these “cooperation bridges” is the wetland treatment system that is being 
considered to manage the wastewater from Tepoztlán’s downtown tourist. Having invested 
much time and resources installing a sewage collection pipe for the city center as part of the an 
urban restoration project organized by Tepoztlán Valle Sagrado (TVS), the municipal 
government was about to invest in a large, expensive, septic tank system to deal with the 
wastewater once collected. The authorities had no idea of the expected flow, or of any other 
treatment alternative. 

Initially, Sarar-T was hesitant to get involved in the wastewater problem, fearing that this would 
establish a bad precedent and give the wrong signal to the general population when 
subsequently attempting to encourage dry systems. Yet the alternative was to risk being 
marginalized completely from the urban renewal planning process that was already being set in 
motion.  Instead, by organizing several meetings with wastewater experts, including an expert 
from the Pan-American Health Organization (PAHO/OPS) and the nearby Mexican Institute on 
Water Technology (IMTA), we were able to convince the authorities to postpone the purchase 
and helped them investigate other options.  As a supportive initiative we carried out a water 
characterization study to determine flowrate projections and documented advantages  and 
disadvantages of a range of possible wastewater treatment options. From these, both the local 
government and TVS favored a constructed wetland system designed on ecological engineering 
principles (Mitsch and Jorgensen, 1989) and its wildlife habitat potential. A public park and 
environmental education center are part of the integrated/holistic design of the wetland project. 
By participating as a team, together with the municipal government and TVS, we have had 
several meetings with the appropriate state and federal institutions that might fund or support 
the wetland project. In these meetings not only have we been sharing ecosan ideas and 
promoting the TepozEco project, but also developing important bonds with the same people and 
institutions that can be of great importance for the acceptance and long-term success of 
ecological sanitation in Mexico. 

Moreover, by demonstrating our willingness to listen to the local Government and respond to 
their priorities, we have succeeded in making them more receptive to our broader concerns for 
the environmental impact and longer-term sustainability of the proposed systems.  Ironically, 
even the state and federal authorities have insisted that they can only reasonably consider 
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supporting the wastewater treatment plant if it is presented within the context of an integrated 
water and sanitation program. 

Results 

Over the past year the RedSeco, with seed funding and technical support from 
UNDP/BDP/ESDG, has worked closely with the municipal authorities of Tepoztlán to lay the 
groundwork and determine the feasibility of a comprehensive ecosan urban program. Among 
the principal accomplishments so far: 

1. A number of baseline studies (water supply, wastewater treatment for the town center, 
comparison of existing sanitation systems) have been completed and pilot demonstration 
projects initiated –including urine-based organoponic horticulture modules and domestic 
graywater filters. 

2. The multiple and diverse organizations involved, directly or indirectly, in the TepozEco 
program are creating a web of relations that make this ecosan effort more resilient and 
promote symbiotic relationships among the collaborators. In addition to providing a more 
holistic and interdisciplinary perspective on the program, this interacting network of 
collaborators and stakeholders enrich the learning process; make the project more 
interesting; and is a major asset for the promising development of the TepozEco agenda.  

3. A strong multidisciplinary TepozEco program team; and 

4. a cooperation agreement with the Local Government and funding for an initial 1 -year 
research and development phase --to draft a 5-year integrated urban ecological sanitation 
demonstrate program leading to a functioning ecosan system in the municipality of 
Tepoztlán. 

Program components and objectives 

Following are the TepozEco “Phase I” (2002) pilot program objectives: 

Program component Objectives 

 

Ecological toilets 

To establish and demonstrate that ecological toilets, in different models, are 
both economically and technically viable, as well as culturally acceptable 
options for water conservation and environmental protection.  

 

Water supply 

To assure that the population and local authorities recognize the real and 
critical situation of the potable water supply, as well as the importance of 
designing and applying water conservation and protection measures. 

 

Graywater 

To demonstrate the economic, social and environmental viability of reusing 
graywater, through alternative technologies, to resolve the principle 
wastewater problems felt by the population. 

Composting and 
organic agriculture 

To establish and demonstrate that composting and organic vegetable gardens 
are a technically viable and culturally acceptable option for organic recycling 
and utilizing human urine. 

Education and 
environmental training 

To widely disseminate the theory and practice of ecological sanitation among 
families and groups in the municipality of Tepoztlán.  

Management, 
monitoring and 

evaluation 

To assure the effective management of Phase I (2003) of the TepozEco 
Urban Ecosan Program and establish the necessary conditions for a 
successful transition into Phase II (2004-2007), as well as the ultimate 
success of the initiative. 

An array of activities have been and will be carried out to attempt to accomplish each of these 
objectives, including: training workshops; public presentations and practical demonstrations; 
applied research and case studies; family visits and technical support;  dissemination of 
educational material and advertising; public relations and advocacy; and participatory 
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monitoring and evaluation. Each program component presents unique challenges and will 
require an ongoing iterative process in which we learn from both successes and failures and 
readjust our strategies as we move forward. However, in all cases, the network of partners and 
project collaborators will be of paramount importance for establishing and ensuring the 
continuity of the program.  

Implementation strategies and future work 

The overall strategy for achieving the program objectives listed in the table above is threefold:  

1. Intensive: to concentrate an integrated approach in at least three specific communities.   
Work has already begun in a peri-urban neighbourhood and an outlying rural town.  The 
third community will be selected following the same criteria:  

• Good level of group organization and committed local leadership 

• Water scarcity or supply problems and/or severe contamination problems  

• Low economic class 

• Easy access and good visibility 

• Existing ecological practices and/or a genuine interest in closing the nutrient cycle  

2. Extensive: to involve the entire municipality, targeting motivated individuals/families and 
organized groups. The TepozEco project has established an office and information center in 
downtown Tepoztlán. The TepozEco multi-purpose facility will serve as an ecosan 
demonstration area and training center, as well as a place where people can have access to 
permanent exhibits, freely distributed information materials (brochures and leaflets), 
technical support and purchase materials (urine -diversion toilet seats and urinals, water 
conservation kits, books, manuals, etc.). In addition to learning about different sanitation and 
water conservation and treatment options, visitors will be referred to model “green houses” 
and “certified” masons capable of building ecosan systems. Ecological sanitation mini -
workshops will be given at least twice a month to explain the philosophy, introduce basic 
technologies and “recruit” motivated individuals. The strategy will include systematic 
monitoring and follow up. 

3. Downtown: to help the local government develop an integrated water and sanitation plan for 
the downtown tourist center, which includes the treatment wetland system. In collaboration 
with TVS and the local government, we aim to develop an adequate and just system of 
incentives and tariffs for the future wastewater service customers, which would help recover 
the plant’s capital and operational expenses and, at the same time, encourage the 
installation of eco-toilets (including urine-diversion), graywater filters and other water 
conservation strategies. By strategically merging the  TepozEco program with the wetland 
treatment system, a significant portion of the population will receive adequate sanitation 
services. 

Finally, the TepozEco program will employ a household centered approach; response to local 
felt needs; and use of participatory methods to develop equitable services and distribution of 
benefits. Respect for freedom of choice will be assured through access to information and 
options, incentives to stimulate the use of ecological technologies, and a system of sanctions in 
cases of noncompliance and negligence. 

During the “second phase” (2004-2006) the TepozEco program will scale up pilot activities in 
order to organize and implement an integrated ecosan system involving household ecological 
sanitation facilities; neighbourhood and municipal collection; secondary processing of 
household residuals and refuse; and reuse of organic nutrients. It is expected that ecological 
sanitation will be a central component of municipal plans and services.  
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The “third phase” (2007+) will concentrate on ongoing monitoring and evaluation; 
documentation and dissemination of the lessons learned; and training and information 
exchange to facilitate replication of the approach in other areas of Mexico, Central and South 
America. It is anticipated that the RedSeco would play a major role in designing and 
coordinating the training and study visit program, initiated during initial phases of the program.  

Although the implementation of most of these plans are still ahead, with commitment, effort and 
professionalism we hope that within a decade Tepoztlán could become a model town in 
ecological sanitation. 

Conclusions 

The TepozEco program is essentially a challenge in small-town urban planning and 
development, and as such has been navigating through still uncharted waters.  Thanks to the 
patience and flexibility of the team and the invaluable ongoing support of UNDP/BDP/ESDG, 
the program has been able to evolve incrementally. Rather than rushing into a hastily cooked 
project document, the partners have taken the time to test approaches, develop a high level of 
mutual trust, consensus regarding goals and objectives, and a realistic understanding and 
acceptance of their mutual strengths and limitations.  Although only time will tell whether this 
process has established the necessary groundwork for a solid and sustainable program, the 
participants are confident the seeds sown will yield positive results and lessons learned.  

We hope that our experience will challenge the audience to question their own planning and 
funding practices. What are some of the preconditions and strategies required for  stimulating 
holistic and sustainable community based ecosan programs in developing countries? Ironically, 
as discussed in this paper, the strategy that has been most effective –though frustrating at 
times- is not to have a fixed plan or strategy, but to adapt or co-evolve with the circumstantial 
events and opportunities that develop as we work towards achieving our program objectives.  
Consequently, we recommend this adaptive planning process, along with a strong network of 
partners, as central project management tools to help promote the long-range success and 
impact of ecological sanitation programs in Latin America. 

Finally, ecological sanitation promotion programs must include not only proper engineering, but 
also sound psychology, and sensitivity to local priorities and politics. 
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Ecosan: an unsuccessful sanitation scheme at a rural 
school: Lessons learned from the project failure  

Aussie Austin CSIR Building & Construction Technology 
P O Box 395,Pretoria,0001 South Africa 
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Abstract 

Emzamweni High School is a rural educational institution in South Africa that serves a number 
of low-income communities. Sanitation was a badly neglected aspect, with the facilities 
consisting of old, unimproved pit latrines, which were in a filthy and unhygienic condition due to 
a lack of proper care and maintenance. The Municipality decided to construct a new toilet block, 
using the opportunity to demonstrate ecological sanitation technology. The challenge was to 
introduce ecosan at an institutional facility, rather than in a home. The concept was therefore 
thoroughly workshopped with the principal and teachers, who would be ultimately responsible 
for transferring the required knowledge of operation and maintenance procedures to the pupils, 
in order to ensure proper use of the toilets. Information booklets and posters were also prepared 
and given to the school for use as teaching aids. Despite the careful preparation and intensive 
training, however, the teachers were not committed to ensuring that the pupils used the facilities 
properly, and the project was therefore a failure. Nevertheless, some valuable lessons were 
learned for future implementation of urine diversion sanitation projects at South African schools.  

Introduction 

Emzamweni High School is a rural educational institution situated within the municipal boundary 
of Msunduzi, in KwaZulu-Natal province, South Africa. It is located in a scenic area and serves 
a number of low-income communities in the surrounding district. In the majority of schools 
populated by Blacks, sanitation had been badly neglected by the previous authorities, and while 
the present government has committed itself to improving school sanitation, it is struggling to 
catch up with the backlog of inadequate amenities. Emzamweni’s “toilets” consisted of 
dilapidated, smelly and unhygienic ordinary pit latrines, with no handwashing facilities. They 
were also in a filthy condition, due partly to vandalism, but mostly because of a lack of proper 
care and maintenance (Figure 1). The latter problem was largely the result of the teachers’ poor 
attitude – they had the use of flushing toilets connected to a septic tank, as well as proper 
washbasins with running water, and were either completely unaware of the pupils’ plight or did 
not care. The school janitor obviously also avoided cleaning the pupils’ toilets, because the floor 
was never even swept. The result of this neglect was that female pupils did not make use of the 
facilities, preferring to wait until they returned home, while male pupils simply relieved 
themselves behind the nearest convenient tree or against the wall. Interestingly, the teachers’ 
toilets were also neither clean nor properly maintained.  
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Figure 1: The existing school latrines 

Although the school property belonged to the provincial education department, the Municipality 
decided, as a community project, to sponsor the construction of improved sanitation facilities. It 
was, however, stipulated that the municipality would only sponsor half the actual number of 
toilets required for all the pupils, and that the school would be expected to raise its own funds to 
build the remainder. CSIR was requested to assist with the technical and social input, and it was 
agreed to use the opportunity to demonstrate ecological sanitation technology, which was 
completely unknown in this area. It was also an interesting challenge to introduce urine 
diversion at a school, rather than in a home – it is always easier to implement a sanitation 
project in a domestic situation, because the family owns the toilet and the mother usually 
assumes control of it, keeps it clean and teaches the children how to use it properly. An 
institutional toilet is not subject to this personal control, and ownership can thus be a problem. 
Social aspects therefore took priority during project implementation.  

Project implementation 

A meeting was arranged between the CSIR project team and the school staff (principal and 
teachers), where urine diversion technology was explained (Figure 2). The intention was to gain 
acceptance in principle of the proposed technology before detail project planning commenced. 
Much interest was shown – and also some scepticism – with many questions being asked 
concerning the operation and maintenance of the toilets. 

The next step was to facilitate a workshop for the teachers (Figure 3). The intention of this 
workshop was to transfer to them the knowledge required for teaching the pupils how to use 
and maintain the new toilets. This included discussing the various aspects of sanitation in some 
detail, starting with basic hygiene awareness and disease transmission routes associated with  
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Figure 2: Initial meeting with teachers where urine diversion technology was explained 

poor sanitary practices. Operation and maintenance of urine diversion toilets, including excreta  
re-use in agriculture, were then discussed at length, using posters specially prepared for this 
purpose (Figure 4). There was wide debate on the latter aspect, as re-use of human excreta is a 
foreign concept in South Africa. 

Figure 3: Workshop for teachers 

Booklets containing all the information covered in the workshop, as well as copies of the 
posters, were given to the school for use as teaching aids. It was made clear to the teachers 
that only they, and nobody else, were in a position to transfer this knowledge to the pupils, and 
that it would be their responsibility to do so once the new toilets were bui lt. It would also be their 
responsibility to ensure that the pupils kept the toilets clean and properly maintained. Some 
maintenance methods were suggested, such as developing a roster for the various classes to  
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Figure 4: Examples of ecosan posters  

be involved in cleaning activities, ensuring proper supervision, limiting use of the facilities to 
only half the pupils, etc. 

 

Figure 5: Examples of illustrations in teaching aid booklet 

The booklets contained a written and pictorial description of urine diversion sanitation, as well 
as information on basic health and hygiene, water- and excreta-related diseases, operation and 
maintenance of the toilets, and re-use of urine and dehydrated faeces. Figure 5 shows some of 
the illustrations contained in the bookle ts. 

Meanwhile, construction of the toilet block had begun. The pupil numbers dictated that, for the 
first phase construction decided upon, 6 toilet pedestals for girls and 4 for boys were required. 
The boys would also be supplied with a urinal. The faeces vaults were designed to be easily 
accessible, while the urinal was flushed by wastewater from the handwashing trough. All urine 
was collected in a single pipe and led to a storage tank, where it would be available for 
agricultural use if desired. Figure 6 illustrates these aspects, while Figure 7 shows the relevant 
design details. 
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Figure 6: Construction details: left, handwashing trough and part of urinal; right, urine tank; below, 
nearly completed structure 

Figure 7: Design details of the toilet block showing vaults. 
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Results 

The toilet block was completed in July 2002. Due to the fact that a few months had elapsed 
since the teachers’ workshop, a refresher session was offered on the important aspects of urine 
diversion toilets. This took place just before the facility was opened for use. The teachers were 
reminded that the toilets would not work properly unless they committed themselves to ensuring 
that the pupils adhered to correct operation and maintenance procedures. This would be 
especially important at the beginning of each year, when a new crop of pupils would arrive at 
the school. Posters were put up on the walls inside the toilet block and a large pile of ash, as 
well as plastic buckets, were provided. The principal appointed one of the male teachers  as 
manager of the toilet block, with the responsibility for ensuring proper operation and 
maintenance. 

An opening ceremony was held and various dignitaries, including the mayor and officials from 
the education department, attended. There was much pomp, wi th speeches by the dignitaries 
and singing by the pupils. The event ended with a ribbon cutting as the new facility was officially 
opened. Although there appeared to be much enthusiasm about the new facility, the principal, in 
his speech, made use of the opportunity to lobby for more classrooms and better teaching 
equipment, and the intended focus on sanitation therefore diminished. It was nevertheless 
hoped that there would be successful and beneficial use of the toilets, as originally intended. 
This was not to be, however. 

While the teachers made an initial attempt to explain the technology to the pupils, it very soon 
became obvious that they were not committed to the task. During a visit made a few weeks after 
the toilets were put into use, it was found that pupils had been defecating in the urine bowls of 
the pedestals and throwing anal cleansing material into the vault instead of into the plastic 
containers provided. Some of the urine outlet pipes were blocked as a result of the misuse, and 
the toilets were malodorous. It was also discovered that the principal was not aware of the 
problems. On being informed, however, he castigated the toilet manager who subsequently 
arranged for the facilities to be cleaned up.  

A further visit was undertaken approximate ly seven months later, in February 2003. This 
occurred about six weeks into the new school year, and was unannounced. A foul odour, similar 
to that found in the school’s old pit latrines, was detected from outside the toilet block already. 
An inspection revealed that the toilets had again been misused very badly, with nearly all the 
urine bowls being blocked with faeces and rubbish, the plastic containers intended for used 
cleaning material filled with urine, the handwashing troughs littered with cigarette butts, and the 
faeces vaults containing paper and rubbish but very little ash. The facility had also been 
vandalised, with the educational posters having been torn off the walls and some fittings broken. 
When the principal was approached concerning the matter, it was again evident that he was not 
aware of the problems. In fact, his only comment was that there were not enough toilets for the 

 

Figure 8: Some graphic examples of toilet misuse 
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whole school, that any problems that may have arisen were due to congestion, and that the 
second phase facility should be built. The teacher who had been appointed manager of the 
facility also claimed that cleaning had been carried out on a regular basis, but this was 
obviously not the case. Figure 8 shows some results of the misuse.  

Discussion 

The project can certainly not claim to have been a success. On the contrary, it was an 
embarrassing experience for the project team, for whom project failure was an uncommon 
experience. However, some salutary lessons were learned in the process, and the following 
conclusions can be drawn regarding the installation of urine diversion toilets as institutional 
facilities (i.e. as opposed to domestic toilets) in the South African context:  

• The teaching profession in South Africa, particularly at poor, under-funded government 
schools, has been under a great deal of pressure for a number of years to produce good 
academic results with very limited resources. Issues like sanitation facilities, therefore, while 
seemingly important for the authorities, are less significant for the teachers. This  becomes 
even more evident when the teachers themselves, while having better facilities than the 
pupils, do not even look after their own toilets. 

• There has generally been much success in the domestic sanitation scene with the 
implementation of urine diversion toilets, for reasons already mentioned (ownership, etc). It 
is probably advisable, therefore, to ensure implementation in the school’s feeder community 
before attempting to install these toilets at the school itself. In this way, pupils will be fully 
conversant with the technology and will understand the operational issues without needing 
any training by the teachers, who are in any case unwilling to do it.  

• Unless the education authorities make it compulsory for the teachers to ensure proper 
training for the pupils, it is unlikely that they will have any incentive to do so. The education 
and health departments should enforce proper care and maintenance, to be carried out by 
the schools themselves, by means of regular visits by inspectors and sanctioning  for non-
compliance. This could be linked to incentives such as more or better educational aids.  

• Both teachers and pupils should have the same type of toilets, so that teachers and pupils 
can share the same experiences. 

• The problem of ownership will always occur when something is given for nothing. Every 
school, no matter how poor, should contribute something towards new sanitation facilities in 
order to obtain some sort of commitment to proper care. 
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Abstract 

This one-year study took repeated measures of the physical (moisture content, temperature), 
chemical (pH) and microbiological  (faecal coliforms, Clostridium perfringens, coliphage, 
Trichuris, hookworm and Ascaris) properties of biosolids from 156 ecosan toile ts in El Salvador 
with different designs, use and maintenance patterns.  In double -vault urine diverting toilets,  pH 
and long storage time were the primary factors that contributed to microbial inactivation.  In 
solar toilets (with black metal covers), hi gh peak temperature, pH and storage time were the 
critical factors affecting microbial inactivation.  This study demonstrates that improvements in 
toilet design (larger, partitioned vaults and good solar exposure), longer storage time and 
consistent use of high pH additives will result in an endproduct that meets USEPA standards for 
Class A biosolids that are safe for agricultural use. 

Introduction 

El Salvador is the most densely populated country in Central America, and ecological sanitation 
(ecosan) has been promoted by the Ministry of Health, UNICEF and several non-government 
organizations.  Double-vault urine diverting toilets (DVUD) and single -vault solar toilets are 
intended to store faecal waste under conditions that promote desiccation and inactivati on of 
faecal pathogens.  The treated biosolids are then removed and disposed of or may be used for 
agricultural purposes.  We previously reported on a baseline survey of over 400 households 
with DVUD or solar toilets in six rural and one urban community in El Salvador where we 
observed a wide range in the physical characteristics and microbial quality of the stored 
biosolids (Moe et al., 2001). We now report on a longitudinal study of 156 DVUD and solar 
latrines in seven rural communities in El Salvador from November 2000 to March 2002. 

Methods 

Field Methods:  We conducted a survey of 118 households with DVUD toilets and 38 
households with solar toilets in seven rural communities in El Salvador. The toilets had been in 
operation for an average of 5.4 years, with a range of 1 to 13 years.  The head of each 

                                                
*This paper has been peer reviewed by the symposium scientific committee 
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household was interviewed in order to collect information on household demographics, water 
supply and treatment, toilet use and maintenance behaviors and household knowledge and 
attitudes about the toilets and disease transmission.  In addition, we conducted a sanitary 
inspection of the toilet and recorded information about design and construction, cleanliness, 
ventilation, and presence of additives.  Finally, the vault not currently in use was opened from 
the top, and biosolids samples were collected from the top, center and bottom of the pile using a 
core device.  Households were asked to keep a written record of the last time they used that 
side of the toilet in order to determine the age of the biosolids in the vault at the time of sample 
collection.  The color and texture of each sample and the ambient temperature and temperature 
inside the pile were recorded at the time of sample collection.  Peak temperature was the 
highest recorded temperature inside the pile and was usually recorded during the middle of the 
day.  Each household was visited every 3 months. Physical measurements were taken and 
biosolids samples were collected at each visit. Ten households were excluded from the final 
regression analyses because: 1)  the toilet was located near a river and the vault was frequently 
flooded when the river level rose (N=2), or 2) both vaults were used at the same time (N=8 ). 

Laboratory Methods:  A series of physical and microbiological measurements were perfor med 
on each biosolids sample to assess microbial inactivation under the environmental conditions 
found in DVUD and solar toilets. Microbial indicators (faecal coliforms , Clostridium perfringens, 
somatic coliphage) were selected as models for the survival o f enteric bacterial, protozoal, 
helminth and viral pathogens. For each toilet, a composite sample was prepared by weight from 
the samples collected at the top, center and bottom of the pile. The composite sample was 
suspended in buffer (10% suspension) and then aliquoted for each of the physical and 
microbiological tests.  Sample  pH was measured by adding distilled water to the sample until it 
was possible to take a measurement with a standard pH probe.   Moisture content was 
measured by comparing initial weight of a 10-50 gm sample of the composite sample that was 
put in oven at 103oC overnight and weighed the following day and weighed again until variation 
in the dried weight measurements was <4%.  Faecal coliforms were analyzed using A1 broth 
and a multiple tube technique.  C. perfringens were analyzed using iron milk media and a 
multiple tube technique. The faecal coliform and C. perfringens estimates per gram of sample 
were calculated using most probable number (mpn) tables.   Somatic coliphage were measured 
as plaque forming units (pfu) on the CN 13 host.  The presence of viable Ascaris, Trichuris and 
hookworm ova was assessed by an adaptation of the US EPA “Methods for Detection, 
Enumeration, and Viability  Determination  of Ascaris Ova in Sludge”. 

Statistical Analyses: Multivariate analyses were performed with SAS system software (version 
8.1, SAS Institute, Inc., Cary, NC) using the REG procedure for regression analyses and the 
LIFETEST procedure for survival analyses. 

Results 

The physical parameters for DVUD and solar toilets are compared in table 1. The most notable 
difference is the shorter average storage time of the biosolids in the solar toilets (26 days vs. 
306 days) due to the smaller vault design of the solar toilets. Also, solar toilets were sl ightly 
drier and reached higher peak temperatures than DVUD toilets.  

Measurements of the temperatures of the biosolids in the vaults indicated that true aerobic 
composting was not occurring because the temperatures were only slightly higher than ambient 
temperature rather than the 60oC typical of a large thermophilic composting reaction. We 
observed a difference in the temperature of biosolids measured in the middle of the day (peak 
temperature) compared to the temperature measurements made in the morning. This difference 
was especially notable in the solar toilets where the average peak temperature of the stored 
biosolids was 7 degrees higher than the average morning temperature of the biosolids.  
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A wide range of pH conditions was measured in the biosolids – reflecting different household 
use of lime and ash additives. Soil additives had an average pH of 8.8, ashes were around pH 
9.4, and the average pH of lime was 10.5. There was no clear relationship between pH and 
biosolids storage time (data not shown). Some communities tended to use certain additives 
more frequently. Reported addition of ash varied by community from 0 to 89% of households, 
and reported lime use varied by community from 1 to 64% of households.  

Moisture content of the biosolids was inversely related to storage time (data not shown). 
Samples of biosolids that had been stored for more than 12 months had mean moisture content 
of <34%  compared to a mean moisture content of 40% in samples stored less than 6 months.  

Parameter DVUD toilets (N=117) 

Mean  (Min-Max) 

Solar toilets (N=38) 

Mean  (Min-Max) 

Storage time (days) 306  (80-720) 26  (0-90) 

Moisture content (%) 37  (15-96) 31  (3-77) 

Temperature (oC) 31 (22-36) 30  (23-37) 

Peak temperature (oC) ~1oC higher than ambient temp 37  (30-44) 

pH 9.6  (6.2-13.0) 9.9  (7.1-12.9) 

Table 1: Comparison of physical characteristics of DVUD and Solar Toilets  

In addition to the routine samples collected every 3 months, we also collected biosolids samples 
immediately before the vault was going to be emptied in order to describe the microbiological 
safety of the biosolids that would be handled, and either discarded or used for agriculture. 
Analyses of the microbial quality of these endproduct biosolids samples (table 2) indicated that 
the solar toilets were less likely to produce USEPA Class A biosolids (<1000 faecal coliforms 
per gram) compared to the DVUD toilets (55% vs. 81%, respectively). Biosolids from the solar 
toilets also had higher levels of C. perfringens and coliphage. However, no viable Ascaris ova 
were detected in any of the 22 samples analyzed from solar toilets.  In contrast, 20 of 49 (41%) 
of DVUD biosolids had viable Ascaris ova. 

Microorganism DVUD toilets (N=117) 

No. pos samples/Total (%) 

Solar toilets (N=38) 

No. pos samples/Total (%) 

Faecal coliforms 

>1000 mpn/gm 

21/108 (19) 17/38 (45) 

Clostridium perfringens 

>1000 mpn/gm 

60/108 (56) 25/38 (66) 

Somatic coliphage 

>5 pfu/gm 

15/108 (14) 12/38 (32) 

Ascaris (>1 ova/gm) 

Viable 

Not viable 

 

20/49 (41) 

33/49 (67) 

 

0/22 

1/22 (5) 

Trichuris (>1 ova/gm) 

Viable 

Not viable 

 

7/49 (14) 

32/49 (65) 

 

1/22 (5) 

4/22 (18) 

Hookworm (>1 ova/gm) 

Viable 

Not viable 

 

0/49 

0/49 

 

0/22 

2/22 (9) 

Table 2: Microbial concentrations in endproduct biosolids from DVUD and solar toilets  
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Multiple regression models were used to  analyze the effects of storage time, moisture content, 
temperature and pH on microbial indicator concentrations and viable Ascaris ova (table 3, 4). In 
both DVUD and solar toilets, pH was the most important single factor determining the 
inactivation of the bacterial indicators and coliphage. Desiccation was also a significant factor 
controlling bacterial and coliphage die-off in the DVUD toilets, but the magnitude of the effect 
was smaller. For solar toilets, where the peak temperature can reach as high as  44oC, 
temperature was the strongest predictor of Ascaris die-off. In the DVUD toilets, storage time 
was also important factor affecting viable Ascaris ova concentration.  

 
Microorganism Storage Time1 Moisture2 Temperature3 pH4 

Faecal coliforms 
(Log mpn/gm) 

-0.03 
(p=0.04) 

-0.01 
(p=0.007) 

-0.06 
(p=0.10) 

-0.43 
(p<0.0001) 

Clostridium 
perfringens 

(Log mpn/gm) 

-0.09 

(p<0.0001) 

-0.05 

(p<0.0001) 

-0.08 

(p=0.07) 

-1.05 

(p<0.0001) 

Somatic coliphage 
(Log pfu) 

-0.05 
(p<0.001) 

-0.02 
(p<0.001) 

-0.07 
(p=0.023) 

-0.20 
(p=0.005) 

Ascaris 

(viable ova/gm) 

-0.72 

(p=0.001) 

-1.33 

(p=0.57) 

-6.95 

(p=0.61) 

11.61 

(p=0.73) 
1 Parameter estimate and p-value for effect of one additional month of storage  
2 Parameter estimate and p-value for effect of 10% decrease in moisture content 
3 Parameter estimate and p-value for effect of 1oC increase in temperature 
4 Parameter estimate and p-value for effect of increase by one pH unit 

Table 3: Multiple regression analyses of microbial inactivation in 107 DVUD toilets  

 
Microorganism Storage Time1 Moisture2  Temperature3 pH4 

Faecal coliforms 
(Log mpn/gm) 

-0.19 
(p=0.08) 

-0.019 
(p=0.11) 

-0.12 
(p=0.007) 

-0.91 
(p<0.0001) 

Clostridium 
perfringens 

(Log mpn/gm) 

-0.03 
(p=0.72) 

-0.03 
(p=0.03) 

-0.10 
(p=0.03) 

-1.02 
(p<0.0001) 

Somatic coliphage 
(Log pfu) 

-0.08 
(p=0.33) 

-0.02 
(p=0.02) 

-0.06 
(p=0.05) 

-0.47 
(p<0.0001) 

Ascaris5 
(viable ova/gm) 

-0.036 
(p=0.01) 

-2.25 
(p=0.10) 

-19.80 
(p=0.0008) 

-1.19 
(p=0.95) 

1 Parameter estimate and p-value for effect of one additional week of storage  
2 Parameter estimate and p-value for effect of 10% decrease in moisture content 
3 Parameter estimate and p-value for effect of 1oC increase in temperature 
4 Parameter estimate and p-value for effect of increase by one pH unit 
5 Ascaris results from both DVUD and solar toilets (N=71) were included in this regression model in 
order for the model to converge. 

Table 4: Multiple regression analyses of microbial inactivation in 38 solar toilets  

We used survival analyses techniques to examine the effect of each physical parameter on 
microbial inactivation over time in both the DVUD and solar toilets.  These analyses indicated 
that the most rapid inactivation of faecal coliforms (figure 1a and 1b), C. perfringens, somatic 
coliphage and Ascaris (figure 2a and 2b) occurred when pH was >11 and peak temperature was 
>36oC. 
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Figure 1a: Effect of pH on faecal coliform inactivation over time 

 
Figure 1b: Effect of peak temperature (degrees Celsius) on faecal coliform inactivation over time  
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Figure 2a: Effect of pH on Ascaris inactivation over time 

 
 

Figure 2b: Effect of peak temperature (degrees Celsius) on Ascaris inactivation over time 

Discussion 

In 1992, the Ministry of Public Health of El Salvador initiated a national program to promote 
DVUD toilets, and the population was encouraged to use the biosolids as fertilizer for 
agriculture. Because of concern about the safety of reusing DVUD biosolids, evaluations of the 
DVUD toilets were conducted in 1994 and 1996 by Creative Associates International (CREA 
International, 1996). In the second evaluation, 51 samples of DVUD biosolids were examined in 
the CEMAT laboratory in Guatemala. The laboratory reported concentrations of faecal coliforms 
in the range of <3 to 460 (MPN/g).  Based on the laboratory results, the report concluded that 
39.2% of the DVUDs were being used and maintained adequately, 25.5% had some problems 
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indicated by the presence of total and/or faecal coliforms, and 35.3% were in bad condition 
because of high levels of total and faecal coliforms in the biosolids samples. Paradoxically, in 
spite of reporting the presence of total and faecal coliforms, none of the samples showed 
presence of Ascaris ova. The results of the CREA study raised questions about the safety of the 
biosolids from the DVUD toilets as they were being used and maintained in El Salvador. The 
purpose of our study was to learn more about the factors that determine the die-off of bacterial 
and viral index organisms and Ascaris in biosolids over time by collecting repeated measures 
from 156 households in El Salvador with DVUD or solar toilets.  

The DVUD toilets were generally effective at producing biosolids (81% of endproduct samples ) 
that met the USEPA faecal coliform standard for Class A biosolids (<1000 faecal coliforms/gm) 
that are considered safe for agricultural use (USEPA, 1994). The long storage time in the DVUD 
toilets (average = 306 days) may be the primary factor contributing to bacterial inactivation. Only 
59% of the DVUD samples met the Ascaris standard for Class A biosolids (<1 ova/4 gm). The 
multiple regression and survival analyses results indicated that the most critical parameter for 
inactivating the bacterial indicators and coliphage was pH and for Ascaris the most critical 
factors were high temperature and high pH. In the DVUD toilets, we observed a broad range of 
pH (6.2 – 13.0), but the peak temperature was typically only 1 degree higher than the ambient 
temperature (average 31oC) and therefore was unlikely to have an effective impact on Ascaris 
inactivation. Carlander and Westrell, in their 7 week study of DVUD in Vietnam (1999), also 
concluded that high pH (pH>10) was the single most important factor for inactivation of 
bacteriophage in biosolids and that high pH and temperature were important for rapid 
inactivation of Ascaris. In the 12 DVUD (6 with solar panels) they studied, the biosolids 
temperature ranged from 28.3 to 40.1oC, pH ranged from 8.1 to 10.9 and % moisture ranged 
from 21% to 45%. However, Carlander and Westrell reported surprisingly rapid inactivation of 
Ascaris suum ova seeded into the biosolids pile with an 80% reduction in viability compared to 
the control ova after 2 weeks of storage and 95-100% reduction after 9 weeks. 

We detected no viable Ascaris in biosolids samples from the solar toilets where the average 
peak temperature was 37oC and sometimes as high as 44oC.  These toilets also had a slightly 
higher average pH than the DVUD toilets that may have promoted Ascaris inactivation.  
However, the endproduct samples from the solar toilets were more likely to have high 
concentrations of faecal coliforms, C. perfringens and coliphage compared to the DVUD toilets.   
Only 55% of the samples from the solar toilets met the faecal coliform standard for Class A 
biosolids. Nonetheless, this is better than the performance of 90 single vault solar composting 
toilets described by Redlinger et al. (2001) where only 36% of the samples met Class A 
biosolids standards after 6 months. Shorter storage time (average = 26 days) was a problem 
with the solar toilets and may explain in part why the bacterial and coliphage levels were high in 
some samples. 

Solar toilet designs have been evolving in El Salvador.  Our study examined three different 
designs in three different communities. The earliest design had a large, single vault, and fresh 
excreta were mixed with the stored biosolids. Also, the “solar panel” (a metal cover painted 
black) was often not oriented toward the sun or was in the shadow of trees and bushes.  This 
design did not reach a high peak temperature (mean = 33oC), but this community added a lot of 
lime to their toilets so the average pH was very high (10.4). In the second solar design, the vault 
had a partition between fresh and stored biosolids, but the overall vault size was smaller and 
had to be emptied about every 15 days. The average peak temperature was low (34 oC) 
because many solar panels were not exposed to maximum sunlight, and the average pH was 
low (8.2) because this community used mainly soil and little ash as additives. The latest solar 
toilet design had a larger partitioned vault that separated the fresh excreta and allowed longer 
storage time for the biosolids (average = 31 days). Most of the solar panels in this community 
had good southern exposure, and this resulted in an average peak temperature of 42 oC.  This 
community also added a lot of lime to their toilets and the average pH was 10.3. The biosolids 
from this latest solar toilet design consistently had lower bacterial and coliphage levels than the 



2nd international symposium on ecological sanitation, april 2003 

 302 Moe 

 

S
essio

n
 C

 

other two designs, and 75% of these samples met the faecal coliform standard for Class A 
biosolids. Redlinger et al. (2001) also emphasized the importance of solar exposure in single 
vault solar toilets in Mexico. They reported that 95% of biosolids samples that met the Class A 
biosolids standard were from toilets with good solar exposure.  

Conclusion 

The longitudinal design of this study allowed us to take repeated measures over one year of the 
physical, chemical and microbiological properties of biosolids from a large number of ecosan 
toilets with different designs, use and maintenance patterns. In this humid climate, pH and peak 
temperature were the most important factors affecting the microbial quality of the biosolids in 
both DVUD and solar toilets. Additives to raise pH levels in ecosan toilets should be strongly 
promoted.  Our study examined three different solar toilet designs and found that the most 
recent prototype with good solar exposure, a partitioned vault and longer storage time yielded 
the best quality biosolids. Improvements in ecosan toilet design and use should provide a safer 
biosolids product for agricultural use.  The risks of applying biosolids to land have been recently 
reviewed by the National Research Council (NRC, 2003). However, further studies are needed 
on how to promote more rapid and complete microbial inactivation under conditions that could 
be achieved and sustained in DVUD and solar toilets in different climates.  
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Abstract 

The City of Syracuse has selected composting toilets to phase out a century -old service of 
collecting pails of raw sewage from privies (currently referred to a ‘pail service’), which it has 
subsidized for almost a century in the watershed of its primary drinking water supply, 
Skaneateles Lake. Following a two-year pilot study, it was evident that composting toilets were 
the only economic and environmentally sound alternative as a replacement to pail service.  
Surprisingly, many cottage owners were reluctant to abandon this unique service that had been 
used for generations. Even though cottage owners utilizing pail service were accustomed to 
offensive odors and unsanitary conditions, their prejudice towards composting toilets was not 
easily dismissed. To offset these concerns, informational mailings, workshops and site visits 
were conducted throughout the process to insure a smooth transition. Cottage owners were 
closely involved with the toilet model selection and placement of the unit, either in the cottage or 
placed in the existing privy. At the end of 2002, eighty six percent of composting toilet 
installations had been completed. To date, only one cottage owner has choosen to insta ll a 
flush toilet serviced by a holding tank.  

Introduction 

Skaneateles Lake, located in the Finger Lakes region of New York State, serves as the primary 
drinking water source for the City of Syracuse. It is one of the few remaining unfiltered drinking 
water supplies left in the United States. The lake and it’s watershed are situated within three 
counties and five townships.  Watershed Rules and Regulations adopted by the City have been 
in effect since 1896 to insure the protection of this unique resource. To address development 
pressures on the watershed and specifically, the lakefront, a City sponsored pail service was 
initiated in 1908 to create a uniform and efficient method of sanitary protection (City of Syracuse 
Department of Water, 1908). Privies were built to specifications issued by the City to facilitate 
pail removal and replacement. Five-gallon pails were placed under a hinged box seat in the 
privy and collected by City personnel when full, replacing traditional pit privies (City of Syracuse 
Department of Water, 1912). All of the common barriers to installing conventional wastewater 
technologies in 1908 were represented at these sites: poor or shallow soils, steep slopes, 
extremely small lot sizes, converted boathouses used as residences, and limite d access. There 
were  a number of cottages that could be accessed only by boat.  

Today the City of Syracuse funds and coordinates numerous water quality protection programs 
including: the Watershed Protection Program, Skaneateles Lake Watershed Agricultural 
Program and the Skaneateles Lake Watershed Land Protection Program. These programs 
utilize sophisticated management tools such as Geographic Information Systems (GIS) and 
Global Positioning Systems (GPS) in an effort to protect and/or enhance water qualit y in 
Skaneateles Lake.  One of the primary facets of the Watershed Protection Program is 
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conducting comprehensive inspections of all properties within the watershed. This entails 
routine inspections of the estimated 2600 residences in the watershed (including approximately 
1000 of which are lakefront dwellings), farms and commercial enterprises. Another facet deals 
with on-site wastewater treatment systems (OWTS). City personnel and the respective County 
Health Department concurrently review all design proposals and inspect installed systems. In 
addition, the City has direct oversight of repairs to failing or improperly installed systems.  This 
insures timely abatement of problems and has significantly minimized potential adverse 
impacts. With the above layers of watershed protection and technology in place, the century old 
practice of collecting five-gallon pails of raw sewage and transporting them by pick-up truck and 
boat for disposal is antiquated and inefficient. Along with the obvious environmental bene fits, 
initial estimates project that the purchase of composting toilets will have a return on investment 
of two years. Cost savings to the City are estimated to be over $70,000 annually.  

Pilot project 

A pilot project was initiated in the summer of 1998 to determine the feasibility of replacing the 
remaining 100 pail service locations with composting toilets. Five pail service cottages were 
selected, representing certain challenges. They included proper sizing of units based on volume 
of waste produced and installation logistics. Since the inception of pail service, the City has 
documented the number of buckets collected at individual cottages. Ultimately, decades of 
usage data provided the necessary baseline for the proper sizing of composting units for the 
specific site. 

Two composting toilets certified by the National Sanitation Foundation (NSF), an independent 
testing laboratory, were selected for the project. Following installation, users of the composting 
unit were required to record urine and fecal cont ributions on a daily user sheet. An optional 
comment section was also provided to correspond with each event. The user sheets provided 
valuable information regarding the ability of the toilets to handle peak loading during weekends, 
holidays, social functions or during extended periods of activity. Additionally, extended periods 
of inactivity could be identified, further validating the reliability of units throughout a range of 
conditions. 

The City worked closely with the cottage owners and vendors to troub leshoot problems.  Issues 
related to improper installation, offensive odor and excess leachate were all corrected prior to 
the termination of the pilot project. Participants and City personnel concluded that the 
composting units were an acceptable and welcome alternative to pail service. The success of 
the pilot program provided the necessary impetus and justification to create an official pail 
service replacement program for the remaining sites. 

A database was created to collect information on cottage owne rs, including the composting 
toilet model selected, installation location, occupancy of residence, unit cost, installation cost, 
etc. The database also documented correspondence with cottage owners and recorded the 
progress of each installation. Problems encountered during installation and operation were 
identified on the individual cottage owner’s records. The database has been expanded and 
utilized during the official replacement program (discussed below).  

Transition from pail service to composting toilets 

In the summer of 2000 the City’s Common Council appropriated the funding to provide Sun-Mar 
composting toilets as a replacement to pail service. Shortly thereafter, a notice was sent to pail 
service residents signifying the phasing out of pail service. This letter did not specify a 
termination date. However, owners were encouraged to start making arrangements for a 
composting toilet installation or pursue approval of an OWTS. The latter would not be 
subsidized by the City. An agreement was drafted by the City outlining both the cottage owners’ 
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and City’s responsibilities. Essentially, the City would purchase a self -contained or central 
waterless composting toilet and provide a contractor to install the unit. The property owner 
would be responsible for preparing the area for installation and the future operation and 
maintenance of the unit. In order to properly operate the unit, the cottage owner would have to 
place finished compost material in five-gallon pails, which would be provided and collected by 
City personnel. (Discussed below). 

Education and training 

Prior to each composting toilet installation, a site visit was conducted to identify present and 
possible future occupancy of the cottage, assist property owners in selecting the appropriate 
unit and determine placement of the unit. Since many cottage owners were unfamiliar with 
composting toilets, the site visits provided an excellent opportunity to address their concerns 
and provide information regarding the operation and maintenance of the units.  

Continuous interaction with cottage owners has been essential to the success of this project. 
Many cottage owners were apprehensive about abandoning a unique and functional waste 
disposal method which they had utilized since childhood. Others voiced their conc erns 
regarding potential odors, mechanical failures and operation and maintenance responsibilities. 
To address residents’ concerns, workshops were offered featuring representatives from the 
composting toilet manufacturer, installation contractors and City of Syracuse representatives. 
Mailings continue to be distributed frequently. These provide information on composting toilet 
operation and maintenance protocols such as Spring Start Up and Fall Shut Down Procedures 
and announcements for finished compost collection dates. To ensure that cottage owners would 
have immediate and convenient access to bulking material, (an essential additive for cottage 
composters) along with optional products distributed by the manufacturer, local hardware and 
home and garden stores were set up as dealers to carry the products. 

Installations 

It was evident from the inception of this project that improper installation or initial start -up of 
composting units could easily compromise the success of this project. Since the majority of 
cottages utilizing pail service were clustered on fire lanes or secondary roads located on the 
South end of the lake, any negative experiences would inevitably be broadcast throughout the 
pail service community. Cottage owners apprehensive about abandoning  pail service would 
routinely request the names and locations of individuals who recently had toilets installed so 
they could carefully monitor the project. 

Cottage owners had a choice between waterless self -contained toilets or central composting 
toilet systems. Most cottage owners selected the self -contained Sun-Mar Excel model since it 
can be installed directly in outhouses or existing cottages with minimum or no alteration to the 
structure. Because there is no separate toilet, installation time is typically less than four hours.  
The Centrex 2000 Air Flow (AF) was selected for the central composting toilet system. This unit 
requires approximately four feet of space directly underneath the toilet stool, limiting toilet 
locations. However, cottage owners determined to utilize the larger capacity central unit or who 
wanted a more traditional toilet have worked diligently with contractors and the City to find 
creative solutions.  Although a few of Centrex 2000 AF’s have been incorporated in existing 
cottages, most of the units have required construction of a small enclosure off of the cottage or 
existing accessory structure. 

After several composting toilets were installed an installation checklist was compiled, 
addressing problems encountered by the contractors. The checklist streamlined the installation 
process and also ensured uniform installations. 
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Initially, overflow drains were discharged to five-gallon containers to determine the volume of 
leachate  which could be expected during peak use and to allow for  collection of leachate 
samples for pathogen and nutrient testing. After monitoring 42 installations, overflow leachate 
was observed in only six containers. To reduce maintenance and monitoring responsibilities of 
cottage owners and more importantly, provide added insurance in the event of a prolonged 
power outage or unusually heavy cottage use, evapotranspiration (ET) beds were installed in 
the summer and fall of 2002 replacing the containers. The bed design and dimensions are 
based on research conducted by Dr. Alfred Bernhart’s publication titled Evapotranspiration, 
Nutrient Uptake and Soil Infiltration (Bernhart, 1985).  Because leachate overflow loading rates 
ranged from 0 to 5 gallons per week, typical bed sizes were dramatically reduced in comparison 
to  beds incorporating  standard household graywater and blackwater design flows. The 
required bed surface area was calculated using total input per season (total people-days per 
season multiplied by total waste input per person per season) and dividing by net total ET 
obtained from a bed over the course of a whole season. A cottage estimated to have total 
person days per season of 400 would require a 5½ square-foot ET bed.   

Beds were excavated to 18 inches and lined with 20 millimeter (mm) plastic. A six-inch base of 
¾ inch gravel was placed above a thin layer of sand. A four -inch perforated PVC drain pipe was 
placed on the stone and backfilled. Ninety-degree elbows were connected to the perforated pipe 
and extended to the bed surface, thus, stimulating air movement through out the bed. Next, the 
beds were filled with 12 inches of 1 mm sharp sand with a center crown approximately six 
inches above the sidewalls. Plant selection was limited to Hostas and daylillies in 2002. Other 
plant types will be incorporated in 2003. 

Results 

As of August 2002, 69 composting toilets have been installed at residences on the Skaneateles 
Lake Watershed. Thirty-seven units have been installed in cottages and 32 units in outhouses. 
Ninety three percent or 64 installations have been self-contained units. Only five central units 
have been installed as of December 2002, however, an additional six are scheduled for Spring 
2003. 

For the most active pail service cottages (>100 5 gallon pails of raw sewage), the transition to 
composting toilets has resulted in less than 4 buckets of finished compost. In the majority of 
cottages, compost can accumulate for an entire season and be removed the following spring. In 
1998, 3,402 pails or approximately 11,226 gallons of raw sewage were collected on the 
Skaneateles Lake Watershed. A operation which required two full -time and two seasonal 
workers, totaling over 2,400 man hours, was devoted to collecting pails of raw sewage. A 
progressive reduction in pail service cottages through the installation of composting toilets has 
allowed the City’s remaining pail service employee to be gradually incorporated into the 
watershed inspection team. Person-hours are now more effectively utilized for patrolling the 
watershed to detect various violations of the Watershed Rules and Regulations. 

Finished compost is collected by City personnel on a designated date every spring and fall and 
transferred to composting bins on City property within the watershed. The finished compost is 
combined with carbon-based materials such as grass clippings, leaves and hay and allowed to 
secondary compost. To ensure complete pathogen destruction, the internal temperature of the 
compost will be monitored in an effort to achieve thermophilic or high temperature conditions in 
the pile. Alternate compost bins have been constructed allowing the compost to age, 
undisturbed for a minimum of two years after the pile has been built (Jenkins, 1999).  

Finished compost was tested at 10 locations in the Spring of 2002 for fecal coliform, total 
kjeldkahl nitrogen and total solids. Fecal coliform samples were tested utilizing the membrane 
filter technique.  Results ranged from < 2 coliform forming units/gram (cfu/g) to 540,000cfu/g. 
However, eight of the samples were under 4,000cfu/g. Total kjeldkahl ni trogen ranged from 
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4,400 milligrams/kilogram (mg/kg) dry wt. to 30,000mg/kg/dry wt. Total solids varied 
considerably, ranging from 18 % to 93 %. 

Overflow leachate was sampled at eight locations for fecal coliform, biological oxygen demand 
(BOD) and nitrates. Fecal coliform samples ranged from 330cfu/100ml to 90,000cfu/100ml, 
providing a much narrower range than the finished compost. BOD samples ranged from 
2,460mg/l to 20,250mg/l. Nitrate samples were all under 6.32mg/l. Although overflow leachate 
would not be introduced into groundwater, since the ET bed bottom and side walls are lined with 
plastic, samples were taken, since it appears that limited research has been documented on the 
subject. 

Due to the limited samples tested and variability of the results,  finished compost will continue to 
be sampled annually. Secondary compost is scheduled to be tested in Summer 2003. This 
material will be tested regularly for fecal coliform and nutrient levels.  

Most problems encountered during this project were due to errors in installation or poor 
operation and maintenance of the unit. The most commonly occurring problems and the 
resultant actions taken are listed in the table below. 

 
Problem Cause Solution 

Offensive odor indoors Loose or disconnected vent 
pipe adjacent to toilet 

Reconnect pipes 

 Fan  not capable of forcing air 
through vent 

Alter air flow in unit, forcing 
more air up vent, or install high 
speed fan 

Offensive odor outside Fan  not capable of forcing air 
through vent 

Alter air flow in unit, forcing 
more air up vent, or install high 
speed fan 

 Vent pipe not sufficient height Raise vent pipe 

Excessive liquid accumulation in 
evaporation tray 

Unit not installed level, allowing 
overflow of leachate 

Level unit 

 Insufficient bulking material in 
composting drum 

Add appropriate material 

Excessive liquid accumulation in 
composting drum 

Inadequate bulking agent 
utilized  

Ensure correct ratio of peat 
moss and wood shavings 

Flies in compost Compost too dry Add warm water 

Anaerobic conditions observed in 
composting drum 

Compost too wet Ensure correct ratio of peat 
moss and wood shavings 

Conclusions 

The Skaneateles Lake Watershed has proven  to be the ultimate test for composting toilets.  
Challenges have included: 

• Overcoming extreme venting conditions: cottages positioned immediately below steep 
slopes and cliffs; dense shoreline development  

• Satisfying the demands of cottages with multiple owners/families:   coordinating operation 
and maintenance responsibilities and managing consistently heavy seasonal use  

• Convincing cottage owners to abandoned a free sewage collection system which placed 
virtually no responsibility on the owner 
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• Educating cottage owners that composting toilets are an efficient and environmentally sound 
alternative to  pail service 

Despite these obstacles, with over 80% of the project completed, it is evident that the cottage 
owners and the City are benefiting. Cottage owners who have elected to abandon their 
outhouse now have the luxury of an indoor facility. The offensive odor and unsanitary conditio ns 
related to accumulation of raw sewage has been eliminated. For the City’s investment, it will be 
rewarded with the elimination of a costly and antiquated service. From the perspective of 
watershed management and protection, the potential for spillage of  accumulated raw sewage 
during transportation by boat or pickup truck, or contamination of groundwater through a failure 
at the holding tank has been removed.  
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Abstract 

Lake Victoria Environmental Management Project (LVEMP) funded by the World Bank (WB) 
through the industrial and municipal waste management component (IMWM), implemented by 
NWSC, Uganda identified the use of Ecological Sanitation (ecosan) as the most appropriate 
sanitation method in pollution control for high density, low income fisher communities along the 
northern shoreline of Lake Victoria. In 2000, three pilot ecosan toilets of 4 stances, 1 urinal and 
1 shower each were setup in two districts. The type of the ecosan employed was the separate 
and dehydrate technique where urine was considered for direct use in farming and the 
dehydrated faecal matter composted and reused. Operation and maintenance (O&M) by the 
end users proved a nightmare since sustainability, multicultural and religious - conf lict of faith - 
issues were some of the aspects initially not considered. This led to the failure of the system to 
separate faeces and urine and be able to dehydrate the former. Further sensitisation of the 
population was repeated and after 3 months the O&M of the system improved. The ecosan 
technology has picked up in Uganda and it is expected to assist in sanitation and pollution 
control within the Lake Victoria catchment. In the long-run the health of the population and the 
environment is expected to improve. 

Introduction 

Lake Victoria has undergone accelerated degradation in the last 50 or so years (Talling, 1987; 
Kaufman, 1992). One of the contributing factors is the ever increasing population growth that 
has led to development of human societies and cities (Bugenyi and Balirwa, 1998). This has led 
to increased urban and industrial run-off that finds its way through watercourses and wetlands 
to the lake (LVEMP, 1997-2002; NEMA, 2001). Increased human settlement along the shoreline 
as well as in the lake islands has substantially contributed to the continuous disposal of 
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untreated human waste into the lake water, resulting in an increased pollution load. This has 
been further aggravated by the degradation of fringing wetlands (MONR, 1995).  

The Lake Victoria Environmental Management Project (LVEMP) set up in 1997 under the three 
riparian East African governments, has as one of its corporate goals to ensure alleviation of 
further degradation of the lake in regard to industrial and municipal waste. National Water and 
Sewerage Corporation (NWSC), the lead agency for the management of industrial and 
municipal waste, in partnership with Uganda Fisheries and Fish Conservation Association 
(UFFCA) conducted a lake-wide outreach programme to assess the sanitation conditions of the 
fishing villages and prepare recommendations for possible assistance in alleviating the 
identified constraints. The programme covered 11 districts within the Lake Victoria Ugandan 
catchment (Fig.1). 

Over 124 fishing villages/shore line settlements were visited. It was found that most fishing 
villages did not have safe drinking water, lacked pit latrines and health facilities (LVEMP, 1997 -
2002). Poor sanitation ranked as one of the biggest problems with sewerage coverage found to 
be under 20% (Mott MacDonald, 2001). Though the population appreciated the need for pit 
latrines, construction costs were very high due to the high water table and sandy soils. A VIP 
toilet with two stances cost about 4,500 US $. However, better community hygiene and 
sanitation conditions is of great importance in relation to health and an assurance to good 
quality fish for human consumption for both local and export markets. However, most fishing 
villages do not have the necessary facilities to guarantee the health and sanitation conditions for 
the fisher community. As a result, unorthodox and unhygienic wasy of disposing human waste 
was a real problem. Defecation into polyethylene bags (kavera) and nearby bushes is a 
common site. ‘Helicopter jets’ / flying toilets have resulted into widespread communicable 
diseases among the fishing communities in particular the children (The New Vision, 2002).  

ecosan toilets are based on dry sanitation which completely sanitizes excreta (urine and faeces) 
hence decreasing the preverence/transmission of diarrhoeal diseases. The ecosan technology 
enhances crop production through recycling of nutrients this reduces eutrophication of surface 
and ground waters (GTZ, 2003). ecosan is based on three main principles; 

• Safe sanitation i.e. prevents diseases and promotes health by successfully and hygienically 
removing pathogen risk excreta from the environment  

• Environmentally sound systems that do not contaminate ground water and,  

• It is a valuable resource that can be recycled back into the environment. 
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Dry sanitation is a step towards poverty alleviation and improvement of gender status. The free 
nutrients from the excreta are of great value to the households in improving crop production. 
ecosan systems also go a long way in reducing health problems experienced at the shoreline 
settlements. The dry sanitation approach results in reduced pathogenic microorganisms in 
faecal matter but it is not safe to handle (Strenström, 2001).  The adverse environmental factors 
in these systems such as pH, temperature, long residence time, reduced moisture and nutrient 
content provide a conducive environment for the reduction of pathogens (Esrey et al., 1998).  
ecosan toilets can be built in one place and do not have to be closed off (like pit latrines) when 
full. 

Methods 

In the initial assessment of the sanitation needs within the Lake Victoria catchment on the 
Ugandan side, a survey was carried out to assess the sanitation status in 124 shoreline 
settlements in 11 districts namely Busia, Bugiri, Iganga, Jinja, Mukono, Wakiso, Kampala, 
Mpigi, Rakai, Kalangala and Masaka (Figure 1). 21 fishing villages were visited where formal 
and informal interviews were held with the local community. Open-air baraza’s were also held in 
7 villages.  In these baraza’s the community was sensitised on the need for improved sanitation. 
After group discussions the communities came up with their own proposals on how to best solve 
the sanitation problems they were facing. In all cases the need for toilets ranked highest.  

In Dimo with a population of over 2500 people, handling 8 tonnes of fish and 120 boats landing 
daily we could find only 25 pit latrines a ratio of 1 toilet per 100 capita (Mott MacDonald, 2001). 
In addition, sand soils, sloping terrain and high table made construction of  the VIP toilets very 
costly and with no guarantee for no collapse (Figure 2). The quest to overcome the above 
constraints and look forward to achieving better and proper sanitation conditions at the fishing 
village level drove NWSC and its partners to devise strategies to avert the poor sanitation 
conditions in the fishing villages by the application of Ecological alternatives in sanitation 
(ecosan).  ecosan toilets were found ideal for these two villages for they overcame the problem 
of high water table and sandy soils. Using funds secured from the World Bank (WB) under 
LVEMP, 1 block of ecosan toilets were constructed in Musonzi, Kalangala district (one of the 
islands in Lake Victoria) and 2 blocks in Ddimo fishing village, Masaka district.  

Figure 2: The old  discused VIP toilet (note the rised structure due to gro und water table). 
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In each village, the local authorities provided land on which the toilets were built. Each block of 
toilets had 4 stances, 1 urinal and 1 shower room. Figure 3 show one of the completed blocks in 
Ddimo. The cost of construction the two units blocks was US$ 15,000, that is US$ 6 per person 
in Ddimo. In each village, a micro project committee was set up that comprised of 6 people 
including a representative of the women. This group then administered the account. A 
contractor was employed who carried out the design, prepa ration of bills of quantities (BOQ) 

and supervision of the works. The community contributed 10 % of the total cost. Construction of 
the toilets took 15 weeks, being slowed down by scarcity of some materials particularly cement 
availability which had to be got 32 Km away in the case of Ddimo and for Musonzi an island it 
took 2 hrs on water from the mainland. The toilets were then commissioned within a month of 
completion. To sustain the system a monthly fee of US$ 0.6 per family or US$ 0.06 per person 
per use/visit was fixed. Wood ash was to be used every after each defecation; to absorb 
moisture making it less attractive to flies, and to reduce odour. The use of human waste as a 
valuable by-product was another positive aspect of this technology that was cons idered useful 
to the community. 

Results and Discussion 

In Ddimo, less than two months after the commissioning of the first block the toilets were in a 
terrible state. The stench from them was unbearable. This was due to poor understanding of the 
ecosan technology by the locals, poor participation of the local community in the implementation 
(i.e. construction was left to the committee alone) resulting in lack of a feel of ownership by the 
locals, poor operation and maintenance (O&M) practised, affordability of the user (the small fee 
levied was found to be quite high), lack of on going Technical assistance after the system was 
handed over and cultural – religious aspects. When the NWSC team visited the site and 
requested the faeces’ closet tank to be opened the flies flocking to the area were unbearable. 
The locals said the whole place was a mess and unfit for use. They said the ecosan was a 
failure.  On holding discussions with the toilet attendant and the locals it was found that the 
commissioning had failed due to poor propagation of the technology. 

 

Figure 3: The newly built ecosan toilet for the shoreline fishervillage in Dimo Rakai District, Uganda. In 
the fore is the urine container. 
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Understanding the ecosan technology 

The community took some time to be convinced that the ecosan technology would solve their 
problems. This was clearly seen during the early stages of construction when the loc als raised a 
number of worries and concerns related to the viability of such a system. Many of them were 
sceptical, which discouraged the committee.  A number of sessions had to be held with the 
community to convince them that the new technology they were getting would work. The 
conditions and issues considered for selecting the ecosan were explained to the people and are 
listed in Table 1 below. 

Conditions ecosan VIP toilets 

Sandy soils No need to go more than 2 m 
deep. 

At least 6 m depth required. 

Unstable soils Can be built at low cost. Need to be stabilised at a high cost 

High water table Ingestion of water is controlled  Ingestion of water difficult to control. 

Cost  Construction cost lower at US $ 
15,000 for 2 blocks (4 stances, 1 
shower and one urinal each). 

Expensive US $ 18,000 for 2 blocks: 4 
stances each due to increased construction 
costs in such areas. 

Use of by products Dried faeces and urine suitable for 
agricultural purposes. ** 

Normally no use. 

Maintenance costs Low Low (need for a cesspool emptier from time 
to time). 

** At the time of writing this paper, by-products in both villages had not been utilised. 

Table 1: Conditions and issues considered for selecting ecosan toilets over VIP toilets  

Furthermore, the committee overseeing the project took it upon themselves to organise a trip to 
Kisoro a town on the Uganda-Rwanda border, in the south of the country where such a system 
had been built.  The committee found it prudent to include some of the political leaders of the 
village in this visit. They hoped that these leaders would be a good mouthpiece.  

Community involvement in construction and operation of the system 
Initially, the local community participated in identifying their sanitation needs in an open-air 
baraza that was held a year before the construction of the ecosan toilets. Having identified the 
need to build toilets, the District Fisheries Officer and the local committee chosen, prepared a 
proposal that was submitted to the LVEMP Micro-projects component for approval. However, 
during the design preparations, contracting of the contractor and the construction itself the local 
community played a low-key role. Despite the fact that the local community had to contribute 10 
% of the funding (either in materials or funds), the feel of ownership was greatly lacking. One 
can argue that for better control of the funds a smaller committee was necessary, however, one 
still sees the lack of adequate involvement of the local community during the construction 
process. The 10 % would have had more value had the community participated in some of the 
manual labour on voluntary terms. 

Operation and maintenance practice 
Maintenance of the facility that included an attendant, buying of toilet paper and soap was not 
initially considered when setting up the facility. Wrong use of the system i.e. use of water for 
anal cleansing by one religious faithful led to complete failure of the system. Initially, there was 
lack of wood ash - a by product of fire wood used for cooking - as the people are poor and 
generally they are mostly migrant fisher-folks who have no time to prepare food. Hence 
application of wood ash was hardly done resulting in the stench and flies flocking the place. The 
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whole system had to be emptied and restarted. This lead to a cost of up to 100 $ that had to be 
met from the meagre coffers of the local authorities. 

Affordability 

Prior to the construction the locals thought that levying a charge on toilet usage would not prove 
a problem. But since the fisher folk do not have a steady income, this proved a problem. The 
charges levied on the user were received with mixed feelings, particularly since the community 
felt that the toilets had been given free! (World Bank funds). The cost of Uganda shillings 100 
only (US$ 0.06) per person per visit was considered too high while others thought this was okay 
for sustainability of the system. Some members suggested that a fee be levied to all income 
earners on a monthly basis but this was rejected by the majority. The trend of the toilet usage 
and resulting income generated is shown in Table 2. 

# Visit Units Year 

   2000 2001 2002 

1. Urinal (men )a no./day 0 ± 1 0 ± 1 ≥ 3 

2. Toilets – men no./day 2 ± 1 - 3 ± 1 

3. Toilets – women no./day 4 ± 3 3 ± 2b ≥ 15 

4. Shower no./day 2 ± 1 -c 3 ± 2 

5. Total revenue 
generated   

(US $/day) 0.40 – 1.10d < 0.60 ≥ 1.10 

a
 Few visits as men do not want to pay. 

b
 The ecosan failed hence a drop in visits. 

c
 The operator was not providing water for bathing hence no visits.  

d Collections increase > 1.10 US $ on the day fish  trucks collect fish from the fishing village. 

Table 2: Average number of visits and revenue generated per day 2000-2002 

Technical assistance 

Provision of post construction technical assistance after commissioning the toilets was not taken 
into consideration during the whole project. It was assumed that once the concept of ecosan 
toilets was fully grasped, there would be no need for this. Due to the problems raised above and 
some design errors, it was inevitable that technical assistance from experts be rendered from 
time to time. 

Cultural aspects 

Inadequate training initially given to the local community did not consider the issues pertaining 
to culture, religion and other taboos. It was found that due to some taboo, some members 
particularly the women in pregnancy do not use toilets, for fear for losing their babies. Negative 
attitude regarding addition of ash to faeces, moreover by a second party is considered devilish 
and malicious; as they feared to be bewitched (Okotto-Owour, 2002). Religious beliefs and 
practices had also brought some problems, e.g. the Moslems practice anal cleansing.  Some 
people did not believe it necessary for children to use toilets. The perception and attitude 
towards use of urine collected and the dried faeces was very negative; the Ddimo society being 
faeco-phobic (Drangert, 2001; Okotto-Owour, 2002). The locals did not even want to consider 
the benefits of such waste particularly for agricultural practices.  

Strategies developed 

Further open-air meetings (3 in number) were held with a randomly picked audience and 
teaching and sensitisation sessions held. The community was asked to raise the issues they felt 
had led to the failure of the system. Emphasis was laid on proper operation and maintenance of 
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the toilets particularly the need to apply wood ash from time to time. The need for improved 
sanitation, minimal human contact with the dry faecal matter for at least six months was also 
stressed (Stenström, 2001). Health hazards arising from poor sanitation practices were 
highlighted. A sub-committee was established that was charged with the responsibility of 
improving sanitation in the whole village. 

Three months later a team from NWSC and UFFCA visited Ddimo and found the toilet working 
well with no major problems and the second toilet almost complete using their sourced local 
funds, a sign of acceptance of the technology. A number of clientele visits per day and income 
generated have also increase, refer to Table 2. A local petrol station has also constructed a two -
stance ecosan toilet due to popular demand. 

Conclusions 

There is ample proof that the concepts of use and re-use do work.  Ecological sanitation 
systems when properly managed do function well. The three main prerequisites for the 
successful introduction and adoption of ecological sanitation found are: 

• Full understanding of the basic principles of operation and maintenance of ecosan toilets by 
the planners, designers and constructors. 

• Local conditions and environment must be taken into consideration.  

• End users must be fully involved in implementation and operation of the systems. 

• Where there is a will there is a way. 
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Abstract 

Two projects are reported, using composting toilets as single solution for treating human was te. 

An ecological settlement in Bielefeld with 270 inhabitants now, was started in 1994. More than 
100 flats up to four stories high and a public Kindergarden were established since then. 
Problems with building codes and planning details are described as well as the different 
experiences in maintaining the biological process. The results after 8 years of practise led into 
different product improvements. 

In 1995, an old villa in the middle of the town of Rostock was reconstructed for use as offices, 
shops and a restaurant, supplied with composting toilets. For five years research was done 
together with the University of Rostock, proving health aspects in use and experiences in the 
maintenance of the system. Beside the realization of product improvements, the training of the 
staff, who are responsible for the function of the system, was determining for a successful 
process and the high motivation of the project members. 

Composting toilets in the ecological settlement Bielefeld -Waldquelle 

Pioneer projects in Germany 

In Germany composting toilets (Clivus Multrum and similar systems) are offered since 1980 and 
are mainly installed in family houses. In 1986, the first ecological settlement was established to 
demonstrate decentralized solutions using composting toile ts and constructed wetlands for 
cleaning greywater (Hamburg-Allermöhe). Others followed in Kiel, Berlin, Bielefeld and 
Hamburg-Braamfeld, while the ecological settlement in Bielefeld even seems to be the largest 
one in Europe (70 containers). At the moment  there are about 500 composting toilet systems 
(mainly TerraNova systems) installed.  

Concept and realization 

In 1988, a group of ecologically interested families and the architectural office Bültmann started 
planning a peri-urban settlement in Bielefeld-Quelle. Different social groups should  participate 
and additionally the consequent realization of ecological standards be performed. From 1994 
until 1999 family houses, multistory houses and a public Kindergarden, planned by different 
architectural offices, were established, all provided with composting toilets. Greywater should be 
treated by constructed wetlands, but are not built yet because of the lack of financial means. 
Greywater is therefore connected to the sewer system up to now. One characteristic o f the 
settlement is the installation of composting toilets for houses up to four stories, which seems to 
be the first project of this kind in Europe. 
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Figure 1: Four story building with public 
Kindergarten 

The TerraNova composting toilet system 

Developed from the Swedish Clivus Multrum system, the TerraNova system is provided with an 
insulated composting container which is connected to each toilet by a vertical pipe (300 mm 
diameter). The container is permanently  ventilated and connected with an air pipe leading 
above the roof (150 mm diameter). An electrical and a wind powered fan supply oxygen for the 
composting process and ensure negative pressure as a seal against smell. Up to four toilets 

can be installed. They close tightly and are 
provided with an insert, which can be 
removed for cleaning. Before starting, a filter 
bed is installed inside the container, which 
helps the biological decomposition of organic 
material within two years, including organic 
kitchen waste (Lorenz-Ladener, 1992). 

Approval and hygiene 

In Germany, all flats and houses have to be 
provided with water flushed toilets, except in 
the city of Hamburg. There, toilets without 
water can be permitted, if hygienic 
considerations and public interests are not 
opposed. There is no general approval yet, so 
single approvals had to be applied for each 
flat in the settlement of Bielefeld. Special 
problems had to be solved, concerning the 
protection against fire and resonance of noise 
within the four story buildings, but also the 
ventilation of inside toilet rooms without 
windows. Further the inhabitants had to sign 
contracts with each other to ensure their 
acceptance of using composting toilets. 
Beside operating terms, given by us as the 
producer of the toilet system, the disposal and 
utilization of the final product (about 40 Litres 
per person per year) was solved. The 
inhabitants decide, if they use the compost on 
their private ground or dispose it on a fixed 

area within the settlement. Bacterial tests in other settlements showed, that the compost as well 
as the infiltrated fluid and the exhaust air were free of pathogenic agents. The quality of the final 
product, however, is much dependent from the function and the maintenance of the system.  To 
be safe as much as possible, the compost should be treated in another extern composting box 
for one year, before using it as garden soil.  In any case, the finished compost should not be 
given to useful plants, to avoid closing the loop for food. In this case the final product has not to 
be sterile. 

Operation and maintenance 

Each owner of a compost toilet system is advised, to take one hour time per month for 
maintaining the composting system. If there are several flats connected to one container, one of 
the users has to be responsible for the proper function. For several years, a group of interested 
and trained inhabitants gives advice to their neighbours. If there is no regular maintenance 
possible, it can be ordered as a service within the settlement or from the producer.  

Monthly maintenance includes levelling and breaking up raw material by means of a special  tool 
and bringing in structural and compensating aids, depending from humidity and biological 
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Figure 2: TerraNova composting container 
with improved maintenance area 

activity of the process. Part of the work, as 
personal experiences since 1977 show, can be 
done by earth worms and other digging compost 
organisms, provided that conditions are suitable 
for them  (Berger, 1977). This way, expense can 
be reduced but conditions still have to be 
controlled regularly.  Excess fluid, if not connected 
to the grey water system, has to be emptied for 
garden use. The amount is dependent on the 
number of users, air temperature and biochemical 
activities in the process. 

After two to three years, the wastes are reduced 
up to 10 % of its original volume and all 
decomposed material can be removed for the first 
time. Partly emptying should follo w once a year 
then. 

The toilet stool, the seat and the insert are 
designed in a way that cleaning once a week is 
sufficient, using little water and soft soap. Fly 
control is also no problem, as long as the process 
is kept in a good condition. 

Experiences and developments 

Composting toilet systems were developed in 
many ways and for many purposes. All of them 
need maintenance more or less. Regular 
maintaining takes time and sometimes muscle 
power. This way, the amount of effort for 
maintaining the system is often decisive for the 
acceptance of the special system by the user. 

All inhabitants of the ecological settlement in Bielefeld-Waldquelle were asked about their 
experiences with the composting toilet system after having used it for several years, initiate d by 
the members of the compost group. Many of the inhabitants complained about the heavy 
conditions, maintaining and emptying the compost and asked for better design solutions. Some 
of them wanted automatically operating systems, because they did not want  to spent time with 
toilet maintenance. We worked out a solution, which is more practical and which can be 
reconstructed in existing containers (Berger, 2001). Also the function of the container and the 
process itself were improved. We also developed a half automatic system, which is under 
construction. Our close contact to the user and his demands often gives the impulse for 
changes and developments, especially  in such an intimate area, users do not want to speak 
about. This way, reservations against composting toilet systems can be reduced and their 
function be improved. 

Composting toilets in the public institution Ökohaus in Rostock  

Pioneer projects in Germany 

While composting toilets in public areas are one of the main selling fields in countries like USA, 
Kanada, Australia and South Africa, only about 50 projects are realized in Germany (mountain 
huts, seminar houses, Kindergardens and public toilets in recreation areas). One of the reasons 
for this is that building and health codes are more rigid than in private households. The following 
project is the first one, which is open to everybody in the middle of a town.  
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Figure 3: Final compost ready for use for 
garden areas without useful plants  

Concept and realization 

Shortly after the political changes in the GDR, a group of 15 people established an association 
for supporting ecology, basic democracy and solidarity. They found an old villa, which was 
reconstructed to establish shops, offices and a restaurant. All building activities had to fulfil 
ecological standards, so composting toilets became a main project, supported by Deutsche 
Stiftung Umwelt. From the beginning of the project in 1995, scientific research was started by  
members of the Ökohaus together with the University of Rostock and the Landeshygieneinstitut 
was started. Research should find out possibilities for approval,  concerning building codes and 
hygienic aspects (Kacan, 2000). 

The TerraNova composting toilet system in combination with the Aquatron separator  

All public toilets were realized as dry toilets and connected to four composting containers. The 
waiters in the restaurant, according to the regulations, had to use a water flushed toilet. The 
solution was to combine a 4-litre water saving flush toilet together with a separator that 
separates the flushed water from the excreta, so the solid parts could be led into the 
composting container. The containers are provided with an overflow connected to the sewer 
system. There are water flushed urinals in the toilet rooms for men. Each two containers are 
connected to one exhaust pipe, which is led outside along the side wall above the roof. 

Approval and hygiene  

A limited approval of 7 years was given by the authorities, depending from further results of the 
research project. In 2002 finished compost was emptied from all containers for the first time and  

 bacterial tests were taken. All tests accorded to the hygienic standards so the authorities gave 
another 15 years approval. The compost material was deposited for further tests outside in 
separated composting boxes. In this way, comparisons can show after one year, if a se cond 

composting has any effect on hygiene and use as 
a fertilizer for plants. The research also showed 
that excess fluid and final compost include 
relatively high contents of salts and nutrients and 
should be diluted before using them as garden 
fertilizers (Eckstädt, 1999). Further tests will be 
made for proving quality for plants in another 
research project. 

Another part of the research programme was to 
evaluate possible bacterial effects on the air 
inside the toilet rooms and out of the exhaust 
pipes, possible contaminations with pathogens on 
the toilet seats and the valuation of the hygienic 
conditions in general. Parallel tests were done in 
a toilet room of the Landeshygieneinstitut, using 
water flushed toilets. The results were attested as 
good enough to continue further approval and 
some recommendations were given (extract): 

The operating staff of a composting toilet system 
should be trained and be connected to 

•  consulting partners, in case there are any 
problems; 

• For two years inspections should be under 
contract; 
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• A responsible person and his substitute should be named for maintaining and contro lling the 
process (Schöttler, 1999); 

Operation and maintenance 

According to the recommendations, a training of the staff together with us was carried out, as 
the former staff had changed. The training was both theoretic and practical. After half a day of 

basic information about composting, processes 
and function, the regular maintenance was 
demonstrated and the final compost was 
emptied together. Before, the containers were 
reconstructed for easier handling (see 
description above). Both actions helped to 
convince all project members and everybody 
was astonished about the good smell of the 
compost. 

Experiences and development 

Users must know, what happens in a toilet 
without water flushing. When understanding the 
process, they are open and responsible for using 
and handling. Therefore, different possibilities of 
information and training are necessary in theory 
and practice. Operators and users must see the 
benefit of being responsible. Of course, the work 
that has to be done, must be convenient and 
acceptable. Experiences in this project showed 
that more simple solutions have to be offered to 
control and influence the composting process, so 
maintenance can  be reduced on a minimum 
level. Conditions in the compost must be most 
favourable, so earthworms are able to overtake a 
part of the work that has to be done by the 
operator. They work 24 hours a day, increasing 
their population. Earth worms are a steady part 
of the delivery programme of our company since 
1985. 

Conclusions 

Composting is not the only way of treating excreta without water, but it is the only way to 
transform human waste into earth. Humidity is necessary and therefore the significance of 
composting toilet systems is more suitable to humid than to dry climates. The described projects 
give important results for operating and maintaining and what can be improved to make 
composting toilet systems more acceptable, even for both climates. The separation and 
collection of urine make drying of faeces possible. Only small changes are necessary, to 
transform a composting toilet system into a drying toilet system. The problem is, to develop 
systems on a low cost level with a high standard of hygiene and function.  

Therefore, it is necessary to have projects like this in so called developed countries like 
Germany, because they give orientation and experiences for users, research institutes and 
authorities for further development, before these solutions are recommended for other countries 
with less opportunities. Nevertheless,  there is still a lot of situations in the developed countries, 
where hygienic conditions have to be improved or water flushed toilet systems have to be 
replaced. This gives a chance and a benefit for both. 

Figure 4: Toilet stool with black removable 
insert and sealing 
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Figure 5:  Successful emptying of final compost after 7 years use, (NNN, 29.04. 2002) 
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Abstract 

This paper tells how an ecological approach to sanitation in south India arose from a logical 
analysis of people’s needs and the problems of conventional sanitation.  

It speaks of the project successes in Urban, Rural and Peri-urban scenarios in south Asia. It 
records the success of ecosan in waterlogged and water-scarce situations and in the use of 
urine diverting toilets by people who habitually use water for anal cleansing. The paper also 
highlights why ecosan is so important for the region’s future food, water and soil security. 
Ecosan brings health not only to people but also to the land and to water. In doing so it not only 
does what conventional sanitation signally fails to do, it of fers an opportunity to improve soil 
quality and food or biomass production right where it is most needed. That is, within and around 
the greatest concentrations of population.  

Beginnings 

The history to our introduction of ecosan to India is that of women fishworkers struggling for 
what most middleclass people take for granted: a clean, private place to defecate with water to 
wash with afterwards. Their concerns and efforts and their openness to experimenting with new 
ideas has opened the way for changes in the lives of many urban and village dwellers, 
especially in high water table and water scarce areas. Their experience has great relevance 
throughout south Asia and all places where water is used for anal cleansing after defecation.  

It all started back in 1992 when the Mahila Samajam women in Pulluvila decided that the 
deprivations of open defecation, the most widespread form of sanitation in many coastal 
communities, were too much to bear. They proposed a community latrine because pit latrines 
had been a failure in the village and many did not feel they had space or money for a latrine at 
home After clearly defining responsibilities for cleaning, maintenance and agreeing a user fee to 
support the operation a facility of ten water closets was constructed with the help of a local ngo, 
the Programme for Community Organisation (PCO). However the community latrine soon ran 
into technical difficulties due to the high water table in the area. This was the first I heard of the 
problem and was asked to help. We solved problems for several years by building a lagooning 
system for treating the sewage from the latrine and preventing it from entering the ground water.  
However it  focused the attention of the author and community on the problems of sanitation in 
high water table areas. We learnt by practical experience the difficulty of cleaning water loaded 
with faeces and urine. Better not put it into water in the first place was the logical (eco -logical as 
it turned out) solution. It also brought to light the widely held misconceptions in the community 
about health and hygiene issues. 
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Keep it simple – no sewage 

In a crowded, flat and low-lying coastal area waste-water treatment plants using macrophyte 
lagooning systems do not lend themselves to simple community management  and 
maintenance. No one wants the responsibility for other people’s excreta.  Any sewage treatment 
system would be capital intensive in comparison with local incomes and gravity flow sewers 
would not be an option requiring the additional costs and complexity of pumped systems.  We 
really needed self contained family toilets as this was the only way responsibility for 
management would be reasonably assured. These realities thus triggered the search for a 
suitable on-plot sanitation technology for waterlogge d and high water table areas.  Septic tanks 
(whose function, operation and construction are so widely misunderstood), pit latrines and 
soakaways are all unsuitable in such areas, especially when the ground water is abstracted for 
drinking, bathing, washing and kitchen use. In spite of this high water table an earlier project in 
the late 1980s had tried to install water seal pit latrines. The project was a failure since the pits 
filled up with ground water even as they were being dug. Some of the people at least were able 
to turn this to their advantage and have used the ring-lined toilet pits as wells ever since! 

Knowing we must keep the faeces out of the water table (often virtually at the surface) we 
developed a urine diverting compost toilet to suit the e nvironmental conditions and sanitary 
norms in Kerala. The result is a technology which meets the needs of communities living in high 
water table areas and is suitable for individual households. We diverted urine because it was 
imperative that there should be no odour from the toilet but that it should also be easy to use. 
By keeping the urine and washwater (the water used for anal cleansing) out of the faeces it 
prevented the system becoming anaerobic (and therefore odorous). It also meant that the 
volume of the toilet chambers remained relatively small and meant there would not be a 
requirement for additional carbonaceous material (to compensate for the high volume and 
nitrogen content of urine) . Such volumes of carbonaceous material would not be available  to all 
households so this was an important consideration. This also kept the management of the 
toilets simple. 

Women’s participation 

At a series of local women’s workshops the problems of water and sanitation were discussed 
and explored. Through this was developed a growing understanding of the factors at play in 
building a healthy environment for themselves and their children. They are able to make an 
informed choice about selecting a sanitation technology. They wanted to  participate in steps to 
safeguard their health, save water and protect a resource on which they all depend:  the ground 
water. With this commitment it was a relatively easy next step to explain how the prototype toilet 
would look and how it would work and how it would have to be used. (Laughter!) There was still 
more laughter when I gave them a piece of chalk and told them I would go for a short walk 
whilst they squatted on the classroom floor and drew circles, that would suit them, for separate 
collection of urine and faeces! However, when I returned they had taken the task very seriously 
and there were several pairs of chalk circles on the floor and an air of anticipation and 
enthusiasm. They were clear and united in their selection of the best pair of chalk circles and we 
duly built to those dimensions. 

Confidence building 

We completed the first compost toilet in May 1995. It seemed to work well and we built six more 
and monitored them to see if they would live up to people’s expectations. The reader will 
appreciate that it takes at least a year to get ‘compost’ and we had no other experience to lean 
on. (It can be done faster if very carefully managed but for a safe foolproof system it is better to 
have margins and so we say the ideal is to make toilet such that each chamber takes around 9 
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months to fill – it is still surprisingly small!) So one could not rush ahead and build more.  People 
had to gain confidence in the idea. We had to be patient and wait for tangible confidence -
building results. When we opened the first toilet amidst fearful onlookers everyone was thrilled 
with the result. No smell, no dragons, no shrieking evil spirits, no shit, just pleasant -smelling 
forest-like soil! Amazement, and soaring confidence. The women wanted them at home. (See 
article: Calvert 1997 ‘Kerala’s Compost Toilet’ in Waterlines Jan 1997)10. 

Awareness raising 

We developed an effective Hygiene Awareness Team (HAT) to unravel and dispel the 
misunderstandings and confusion in the community that surround sanitation, health, hygiene, 
water and the environment. This team performed street dramas explaining the many faecal oral 
routes that result in cholera, typhoid, dysentery, diarrhoea, jaundice, worms etc. They 
distributed leaflets explaining the compost toilet and important hygiene practices at these 
performances and then in the subsequent days follow up with numerous house visits in the 
same area8,9. In the house visits they shared feedback on the drama, discuss the practicalities 
surrounding these issues, cleared doubts and answered questions including tho se on sanitation 
choice. We built more toilets because people wanted them.  

Women’s burdens lightened 

At last the women could be free of the stigma of walking publicly to an open defecation site.  
They could be free of the jibes, taunts and advances of evil men and drunks. Relieved of the 
burden of that long walk to those stinking faeces-strewn open defecation areas. Of being forced 
to go to the open defecation areas without carrying water to clean themselves in order to hide 
the purpose of their journey. (By carrying a pot of water for anal cleansing everyone can see 
where you are going and will laugh and taunt). Now they were free of many of the constraints on 
when and what they dared eat or drink in case it should prompt the urge to defecate and thus a 
daytime trip to the open defecation site amidst public gaze. No longer the discomfort and 
associated health risks and problems of ‘hanging on’ long hours to ‘go later’. Their daughters 
could be safe, and the burden of accompanying them in the dark hours was gone at last. Now 
there was a place to privately and safely manage menstruation and wash and dry menstrual 
cloths in privacy and dignity. 

Since then we have refined the technology and simplified the construction. Now we have 250 
family-owned urine-diverting toilets operated by the families for many years. Initially the urine 
and washwater drained to an evaporative plant bed Calvert (1994, 1997)10,11. However we soon 
we saw the benefit of using useful plants, banana, chillies, bitter gourd, flowers, to soak up and 
use the nutrients and water. 

The toilets 

These toilets comprise two chambers situated at, rather than below, ground level to prevent 
flooding in the rainy seasons. Over these chambers the toilet floor slab has holes, conveniently 
positioned for ease of use, to receive urine, wash water and faeces. The first chamber is used 
by the family until it is full whereupon use of the second chamber is begun. When eventually the 
second chamber is full the first is ready for removal of the non-odorous compost. Use of the first 
chamber then starts again. Between the two chambers is a place for anal cleansing. The 
washwater and urine can be combined and sent to the evaporative plant bed or a coconut or 
banana tree, or they may be kept separate. 

Many of the toilets are in rough fishing villages where life is hard and little is kept clean or tidy, 
not houses, surroundings or toilets. But they go on working and the women especially value 
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them for the privacy they convenience they provide. Others are well kept and tidy, some are 
inside the house. Many are in peri-urban and urban environments. They all solve the problems 
of sanitation in water-scarce and water logged situations and they all point the way forwards 
for sanitation in south Asia. 

Background 

In 1994 we raised the un-addressed problem of sanitation in the high water table coastal areas 
of Kerala and proposed solutions at a national conference in Trivandrum11. In 1996 the early 
work was recorded in an article10 in the journal Waterlines published by Intermediate 
Technology.  In July 1998 Uno Winblad came to India at the invitation of the Centre for Science 
and the Environment to speak at their National Workshop on Health and the Environment in 
New Delhi.  Uno, who inspired and ran the SIDA-funded Sanres programme which initiated 
ecosan work in Central and South America, China and Vietnam,  was to speak on the whether 
Ecological Sanitation might offer solutions for India’s appalling health problems caused by poor 
sanitation and river pollution. Uno contacted me and asked if the experiment in south India had 
failed and been forgotten or whether it was still alive. I was able to tell him that we had built 
many more toilets since then and that they were well accepted by the families that had them.  
He visited our project just prior to the workshop, was most favourably impressed and asked to 
include our work, though not part of the Sanres programme, in the book Ecological Sanitation5.  
He encouraged me to contact Anil Agarwal, Director of CSE, to see if I could present a paper at 
the workshop. Anil agreed wholeheartedly. Thus it was that Uno and I presented a convincing 
duet, he showing the global perspective on ecosan and I that practical ‘ecosan’ really could 
work well and be accepted by users in India7. 

Not alone 

Now I discovered there were other people around the world involved in this small but growing 
field of alternative and ecological sanitation. I learnt that they too had got into this type of work 
to solve a problem in the places where they lived. A conventional water and sanitation training 
tends to lead people away from ecosan ideas. Non of the ecosan people seemed to be 
conventional public health engineers. Perhaps this helped and meant that they looked at the 
problems un biased by conventional thinking. However I am sure there is much that the 
conventional engineers can bring to ecosan and ecosan can bring to their work as they explore 
and take on its many ideals. 

Visits to Sweden and America to present the experience of this work soon followed. Then 
Vietnam to do an appraisal of the Sanres work there3  and later to China (Nanning Conference 
Nov 2001) to share the experience of initiating ecosan in India and Sri Lanka 1,4 

Sri Lanka 

In January 2000 I visited Sri Lanka with the specific aim of raising interest in eco logical 
sanitation 4. The reception I got was cautious even a little incredulous, but when I returned there 
a year later with funds to start a pilot project the National Water Supply and Drainage Board 
were interested as they had some high water table areas needing a sanitation solution. They 
agreed to fund the construction costs and ecosan began in Sri Lanka.  

Only 20% of the Colombo’s steadily increasing  population is served by piped sewerage and 
that is pumped to the sea with little or no treatment.  The  rest of the city’s households depend 
for the most part on septic tanks.  All this is despite the very high water table in many areas of 
the city. Inundation during rains causes many septic tanks to overflow with the resulting 
floodwaters being a significant public health risk. Drinking water supplies are under increasing 
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pressure and yet those with domestic piped supplies waste a significant proportion of it for 
flushing toilets. 

The rest of the country depends on septic tanks and water seal pit latrines.  However, most of 
the country is un-served by safe piped water supplies and as many as 60% of the rural wells are 
suspected to be faecally contaminated. For the water-scarce parts of the country where rain 
water harvesting off roofs and small catchments is practised or where people carry water from 
some distance from their dwelling the use of such precious water for flushing toilets is a 
burdensome waste. 

EcoSolutions held the first Ecosan Workshop and Training Course in Sri Lanka and 
subsequently guided participants from the Water Board, Sevanatha and Sarvodaya in ecosan 
and ecotoilet construction and monitoring. The Sri Lanka Ecosan Project now has 30 well -
established ecosan units being operated and owned by families and more are being built to 
popular demand. 

The units show that ecosan is viable and acceptable in urban and rural situations in Sri Lanka. 
The Ministry of Health is in approval of a wider demonstration and the NWSDB with support 
from EcoSolutions plans more extensive use of ecosan under current and future Water and 
Sanitation projects in the country. 

So where are we now? 

Now, in 2003, we have urine diverting ecological toilets in many settings in south India and Sri 
Lanka. We have experimented with reuse of the urine and washwater and in many places these 
liquids are used for growing healthy stands of bananas, papaya, cassava (manioc), attractive 
flowers, vegetables and chillies or coconut trees. But, for the most part people like the toilet 
because it solves a basic need. They need a toilet tha t works, without smell, is simple and 
convenient and saves them the burden of carrying water, or protects their water supply. These 
are the simple facts that make ecosan attractive and appropriate to so many of these users. 
Most don’t have the time to be fascinated about the use of urine as a fertiliser, or the faecal 
product as a soil improver. They just need a toilet they can use! However, they all understand 
the importance of correct operations and many of them are now the local experts on this type of 
toilet. Eventually, when there are large concentrations of these toilets, confidence of the general 
public in the products will grow such that it becomes interesting and viable for reuse in farming 
and horticulture and to local service enterprises. The latter or the municipality may also collect 
community garbage and co-compost the organics with the ecotoilet products and sell it on to 
farmers. 

Many of our toilets are in a peri-urban setting and a good number are in urban settings too.  We 
have toilets that are direct access from the bedroom and bananas flourish on the urine outside 
the window. 

Funding 

From the beginning in 1994 through to 2003 the work has been only partially funded with much 
of it simply being undertaken out of commitment. Sadly the work ha s never been supported by 
SIDA Sanres, Ecosanres or GTZ. The work in Sri Lanka in 2001- 2 was supported by UNDP. 

And where to next? 

Bringing Ecosan to S Asia to scale: Ecotowns and Ecovillages 

In the village or in the towns and cities ecological sanitation has great benefits to offer. Eco-
villages, eco-towns, eco-cities will all encompass the many facets of ecological sanitation. 
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Ecological sanitation is many things – it is not merely another sanitation technology, not just 
another type of toilet. It is a new and holistic approach to the concept and management of 
human excreta. It includes a wide range and scale of technologies and disciplines. The range 
includes urine diverting non-flush toilets for individual households and high rise flats to materials 
management systems for solid and liquid ecosan products to urban agro systems and 
ecological architecture. 

Starting the move to scale 

The concept of eco towns, cities and villages based on ecosanitation principles was presented 
to and discussed with over 400 senior government officers across India in September and 
October 2002 on the author’s Ecological Sanitation Awareness Raising tour to 11 Indian cities 
across 10 states. (The tour, conceived by the author, was co-funded by UNDP and by UNICEF 
India). 

The tour evoked great interest and EcoSolutions and UNICEF will now move ahead with new 
ecosan demonstrations in India. 

In Sri Lanka the government has been impressed by the pilot demonstrations.  With the Ministry 
of Health, Ministry of Housing and the National Water Supply and Drainage Board we are 
planning a programme to build 6000 ecotoilets. The ngo partners Sevanatha and Sarvodaya are 
also keen to expand the ecosan activities and we held an ecosan workshop and field visits to 
initiate awareness in December 2003. 

Eco towns cities and villages – don’t forget the soil 

In ecological cities, towns and villages the intention must be to collect, use and reuse water, 
garbage and excreta as close to the household and community level as possible. The Bellagio 
principles of the household centred approach hold true here, (although, in all frankness it must 
be said many of us working in communities were teaching and practising this long before the 
Bellagio conference). 

In water scarce areas rainwater should be collected at household, community and municipal 
level. What the household and community cannot catch the municipality aims to collect the 
runoff. And clearly the precious water collected off the roof would be wasted if it were used to 
flush the toilet so ecosan toilets become the obvious choice. (Remember flush toilets use 
almost a third of household water!) 

Greywater and storm water can be used in green parks, medians, streets, urban and peri -urban 
agriculture and horticulture. 

Houses, housing clusters and offices and factories have urine tanks and RWH (Rain/Roof 
Water Harvesting ) systems.  On-site greywater and urine reuse in 'green' productive areas and 
rooftops for biomass, leisure, food, fruit fuel etc. Dry toilet products might be reused, further 
processed or direct on-site too, or sold, collected by ecostation or co-composting centres.  
There are many scenarios and options. 

Existing sewers can still be used for transport of greywater and storm water that is un- utilised 
on site or escapes the extensive infiltration galleries and perforated paved surfaces that are now 
provided in our eco towns and cities to minimise runoff. What still runs off into the storm water 
gullies and old sewers can be used, with suitable quality checks for undesirables, for peri -urban 
agriculture, be it fruit trees, timber lots, cereal crops, vegetables etc.  

Natural and constructed wetlands and lakes can act as treatment systems and reservoirs of this 
water for use in dry periods. 
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Ecological toilets will provide good fertiliser for food or non food crops in and around the towns, 
cities and villages and the humus produced will be used to improve, conserve and rejuvenate 
soils. 

The great value of ecosan in keeping pathogenic used-water-flows out of storm water and grey 
water flows needs to be stressed. 

In south Asia most towns and cities are short of water. Around many of these settlements the 
hinterland is loosing its soil and what is still left has declining fertility. But S Asia does not have a 
declining population. Nor does it have a declining appetite. Where is the food going to come 
from in the future, where is water going to come from? Where is affordable fertiliser going to 
come from? How long before policy begins to reflect the fact that simply pouring commercial 
fertiliser on the soil is not going to solve the problem. Rather it is the soil quality and not 
chemical fertiliser quantity  that is the limiting factor in sustainable food production.  Composting 
to produce good humus, the use of animal manure, green manures and leaf mulches are so 
important to maintain soil quality. And what does sanitation and sanitation choice have to do 
with this? Ecosan can make a significant addition to this In fact fertiliser from ecosan, animal 
and organic manures can produce all the fertiliser a country needs and improve the soil at the 
same time. Ecosan also collects and uses the valuable nutrients in urine, and for India it could 
amount to as much as  33 percent of the current fertiliser consumption in the country.  (see box: 
India Fertiliser application) . The benefits don’t stop here.  Ecosan saves water because the 
toilets do not need flushing, so that saves on domestic water supplies (or saves precious water 
harvested off the roof). It saves the costly business of sewerage and treatment.  It begins  to 
protect the rivers from massive sewage pollution. It protects ground water in areas of 
vulnerability unlike conventional pour flush toilets. Improving soils through the use of ecosan 
products animal and organic manures reduces the water required in agr iculture (agriculture is 
the biggest water consumer) and also the reduces dependency on pesticides resulting in 
healthier food and water. 

In the New Scientist (23 August 1997) the Tata Energy Research Institute described as a ‘quiet 
crisis’ soil erosion and depletion now affecting 57% of India’s productive land. The report 
predicted falls in the yields of 11 major food crops in India by as much as 26 per cent. The 
researchers said the area of critically eroded land had doubled in the past 18 years, partly due 
to deforestation for fuel or to create new farmlands. Intensive farming was also resulting in rapid 
depletion of nutrient in Indian soils. 

Food security lies in the soil. Management practises which sustain soil health and fertility, the 
use of natural methods of pest, disease and weed control and low levels of environmental 
pollution are essential in the long run. They result in greater moisture retention, better pest 
resistance, reduced use of chemicals and toxins. 

Farmers in south Asia have used animal urine and faeces as a fertiliser for generations. They 
are full of wisdom and experience in the care of the soil. Modern farming is destroying the soil 
and the wisdom of the farmers. Ecosan forms the natural link back to the soil and should be 
encouraged alongside organic farming practises. Perhaps the survival of many in south and 
south-east Asia, where population growth places massive strains on food supply, may hinge on 
the reuse of our excreta to fertilise and improve the soils that our lives depend upon. 

Coral atolls 

EcoSolutions is also working with the Laccadive Administration (the Laccadive Islands, a Union 
Territory of India lie 200km off the SW Coast of India). We have started an ecosan 
demonstration project in these islands where the precious and fragile freshwater lens and coral 
reefs are damaged and further threatened by conventional sanitation. Eco toilets will protect and 
conserve the fresh water lens and also prevent further damage to the coral. Ecosan products 
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will also steadily improve the very poor sandy soils. 

Commitment 

EcoSolutions has a number of new activities planned across South and S.E. Asia over the next 
three years 2003 to 2005 including the development of more holistic and comprehensive urban 
ecosan demonstrations.  For sure we plan to continue to bring ecosan to south Asia and to help 
others do so too. If we are to meet the Millennium Development goals we probably need some 
20,000 new toilets a day in India alone. 
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Abstract 

The Community Led Ablution Blocks System is an ongoing part of a family of interventions 
within the Nairobi River Basin initiative of United Nations Environmental Programme (UNEP) 
geared towards working in partnership with community groups, Nairobi City Council and other 
agencies in design, construction and management of sanitation utility blocks (lavatories, 
showers and laundry facilities). The project is primarily designed to strengthen community 
capacities in the design, construction and management of sanitation technologies in order to 
improve social, economic and environmental health and as a part of the interventions aimed at 
reversing the acute problems associated with the pollution of the Nairobi River arising grossly 
from inadequate sanitation facilities. 

Upon completion, the project is expected to fulfill the following goals:  
• Provision of adequate sanitation facilities and technologies.  
• Reduction in pollution of the Nairobi River. 
• Provision of sufficient and clean drinking water to the community.  
• Equipping the community members with practical management skills through active 

involvement in management of the project. 
• Reduction of prevalence of diseases in the area. 
• Improve dignity and the general hygiene of the area. 
• Community economic empowerment and improved food security. 

The pilot is aimed to influence and guide the ongoing development of infrastructure standard on 
slum upgrading in Kenya, as well as offer appropriate interventions on sanitation in the 
sprawling informal settlements within the region. 

ITDG-EA case studies - introduction 

Fast growth of urbanization in Africa is accompanied by a rapid increase in urban population, 
currently at a rate of 6.9%. It estimated that world population living in the cities now and by the 
year 2025 is/will be 50 and 65%, respectively. Urbanization in Sub-Saharan Africa (SSA) 
reached 36% in the year 2000, and is projected to rise to 50% by the year 2025. The urban 
sprawls has consequently led to inadequate sanitation facilities and increased accumulation of 
urban waste resulting from curtailed urban authorities' ability to provide sustainable sanitation 
and waste collection services; an increasing proportion of low-income urban dwellers 
characterized by high levels of food insecurity, poverty and unemployment; common occurrence 
of unabated urban sewage farming, exposing consumers of such produce to poisoning from 
heavy metals and such other water pollutants. These are issues of great interest and concern to 
the public, the local authorities and private sector. Consequently, policies are needed (to 
replace or refine outdated by-laws) that integrate these sectors. They could also facilitate the 
adoption of emergent technologies, which may be greatly hampered by policy and by -laws 
governing the urban sanitation and waste management sectors. 

The demand for sanitation in urban areas has by far outstripped the ability of local authorities to 
supply the facilities in a safe, sustainable and acceptable manner (The poor in Nairobi city are 
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estimated to be about 55% of the total population occupying 5% of the residential land). The 
resultant contamination and environmental degradation adversely affects the health, dignity and 
quality of life of urban residents. This has led to corresponding increases in development of pay 
toilets in most of these settlements, without proper drainage and exhaustion mechanism. This 
has only aided in aggravating the sanitation problems in the slums.  

Surveys conducted by ITDG and its partners (2001-02) illustrate the appalling state of sanitation 
in Nairobi's informal settlements. In areas such as Huruma and Mukuru a conservative estimate 
of 120 households share one latrine 9. Toilets are commonly the open pit type, which are often 
filled up and overflowing during the rainy season. The unavailability of bathrooms also forces 
the people to bath outside or infrequently (especially among the children) because of the high 
cost of water supply. 

Kibera exhibits many of the conditions that are characteristic of Nairobi’s urban poor 
settlements. Typical of other settlements, Kibera is congested and landlords/structure owners 
often do not provide ample space for toilets and bathrooms. Although the Nairobi slum 
improvement project has been facilitating the construction of Ventilated Improved Pit Latrines 
(VIPs), long-term sustainability remains elusive. This is as a result of two key reasons:  

• Whenever the latrines fill up, community members are unable to afford exhaustion services 
and in instances where they can afford, securing the services from the Nairobi Cit y Council 
is often difficult. 

• Due to limitations of space, it is difficult to construct new facilities in the event that the 
existing ones are full. 

Despite the fact that the Municipal By law 217 requires that one latrine and ablution be provided 
for each family or group not exceeding 10 persons. Moreover, the pit latrines should be situated 
a distance away from any habitable rooms i.e. 30 feet. Lack of space coupled by the 
unwillingness of the slumlords to leave room and provide pit latrines and bathrooms,  has 
resulted in few pit latrines being developed, being located next to habitable rooms (NACHU, 
1990). According to the metropolitan household survey, 94% of the population in the informal 
settlements lack adequate sanitation (Matrix, 1993). 

The poor sanitation has been made worse by hawking of pit latrines. As an example, in Lunga 
Lunga the use of a facility is charged Kshs 3-5 per visit. Lack of showers and bathing facilities is 
also widespread. A total of 34.7% of the slum dwellers lacked any bathing facilities. In Mukuru 
85%, Korogocho 65%, Kawangware 55% and Kibera 54% lacked bathing facilities (Kiamba et al 
1992). In response a few people hawk them e.g. to take a bath (bring water and soap) one pays 
Kshs 2-3, where one is supplied with soap and water they pay Kshs. 4-6. Even for the rental 
bathrooms the queues are long. Those who cannot afford, bath outside at night (men) that is, 
where there is space for this. Most women shift things about in the room to bath, which further 
accelerates the rate of dilapidation of the units (Ngau, 1994). In cases where the pit latrines are 
also used as bathing facilities, the pits fill up quickly sometimes resulting in the latrine being 
abandoned. 

The existence of few pit latrines coupled with hawking of the few operational ones has resulted 
in the use of surrounding spaces e.g. in the “flying toilet” phenomenon (Gitau, 1996). Where 
this method is widespread it results in the racking of the conservation fraternity. The human 
waste that is dealt with through this innovation becomes an immediate pollutant of the river. 
Moreover, in Soweto, Kayole, Kibarage, Mukuru, Kibera village, Congo, village and Kitui 
Pumwani those who cannot access reasonable latrines use the “bucket latrines” and empty 
them to the River basin. 

The national level of water use, which stands at 647 cubic metres per annum, has compounded 
the sanitation challenges. This water stress condition has manifested itself through 
                                                
9 Community mapping in these areas illustrate that in many of the informal settlements , there are more churches than latrines 
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unavailability, inadequacy, and unreliability or high cost from vendors. The basic problem 
relates to the issue of people finding it attractive to provide water but not how to ensure it is got 
out or removed after usage. This is probably due to no monetary gains for this; it is more costly 
and technically difficult to get out. A study carried out in 1992 revealed that 74.7% of the people 
living in Mathare, Kawangware, Soweto, and Kibera, purchase water from the vendors while 
20.5% have access to water through communal piping. Due to lack of adequate portable water, 
diseases have resulted e.g. cholera epidemics, which affected Korogocho in 1997 (Gitau, 
1999). Acute water shortages, chocked sewers, housing congestion and torrential rains 
triggered this. In Mathare almost all residents buy water from the outside taps (Ngau, 1994). A 
study by Matrix (1993), established that of the Nairobi informal settlement residents, only 11.7% 
plots were connected to water mains. The majority, 85.6%, obtained water from the kiosks.  

Interventions 

The project is primarily designed to strengthen community capacities in the design, construction 
and management of sanitation technologies in order to improve community and environmental 
health and as a part of the interventions aimed at reversing the acute problems associated with 
the pollution of the Nairobi River arising grossly from inadequate sanitation facilities. 

The construction of the pilot ablution blocks is to be undertaken in phases with phase one 
having three blocks of sanitation facilities. The proposed sites for the construction of the 
sanitary facilities, Site A, Site B and Site C, are all sites currently taken up by landlord owned pit 
latrines and bathrooms which are grossly inadequate and in appalling bad condition.  

The projects main aim is to restore urban dignity through providing appropriate community 
sanitation amenities/ practices to cater for the health and well being of the residents as well as 
reducing the pollution of the Nairobi River. 

Upon completion, the project is expected to fulfill the following goals:  
• Provision of adequate sanitation facili ties and technologies. 
• Reduction in pollution of the Nairobi River. 
• Provision of sufficient and clean drinking water to the community.  
• Equipping the community members with practical management skills through active 

involvement in management of the project. 
• Reduction of prevalence of diseases in the area. 
• Improve dignity and the general hygiene of the area. 

Physical aspects of the sites 

The community resource persons conducted a comprehensive physical assessment of the 
proposed sites, with the support of ITD G technical officers and the municipal officers. The 
physical dimensions were measured and the following physical attributes were noted:  

Community design session 

A participatory design session brought community representatives, NGOs partners, UNEP 
representative and the Local Authority officers. 

Community design criteria - concepts. 

During the session, it was clearly discernible that the community's main areas of concern as 
regards the move to attaining a cleaner settlement were; 
• Upgrading of the sanitary facilities. 
• Improving the state of the drainage channels. 
• Sufficient and reliable water supply. 
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Community design criteria-spatial 

The community members present at the workshop were given a chance to express their needs, 
opinions and expectations with regard to the project graphically, and the need for adequate, 
cleaner toilets and bathrooms, sufficient, clean water supply, demarcation of the spaces in line 
with gender and age, security of use and the issue of controlled use of the facilities on 
completion were strongly recommended, Information dissemination was considered key to the 
satisfaction of their needs and therefore an information office/ centre was one of their most 
required space provisions, economic empowerment of the community was expressed throug h 
income generation proposals such as; water kiosk, shops, the community also expressed the 
need for an integrated facility to avoid the common notion of 'toilet". A design matrix was 
therefore developed to determine the priority spatial requirements to be  provided for in the 
design of the ablution blocks. 

Community design criteria-technologies 

ITDG's strength lies on the appropriate technological interventions on various fields including 
sanitation. ITDG set to optimize the ecological sanitation, through o ffering a holistic and 
integrated view of sanitation, including its relation to human dignity, economic developments, 
food security, water pollution and environmental improvement.  

With the highlighted water scarcity, the community accepted to pilot ecological sanitation as a 
long-term sustainable approach towards alleviating sanitation problems.  

Conclusion 

It is clear that better community sanitation management should be a means to reduce poverty 
and redignify the community. 

The project has and is expected to generate useful lessons for the slum upgrading in the 
country. The facility has from the initial stage deviated from the 'donor' perception of sanitation 
(ten door latrine specifications) to an integrated community sanitation center, to optimize the 
utility value of the space and the waste products. The project will also be a real model to 
demonstrate sanitation related technologies and of particular concern, the ecological sanitation.  

The facility will also demonstrate innovative approaches towards poverty reduction and its 
interlinkages and relationships – the social, political and economic organizations and institutions 
that are regarded as important for sanitation development and management. This will finally 
ensure sustainable development in our cities. 

Figure 2: Independent water vendors have 
stepped in the fill the gap left by 
the government water utilities 

Figure 1: Residents of informal settlements are  111ll 
forced to draw contaminated water from  
unsafe sources such as this stream.sources 
such as this stream. 
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Abstract 

Decentralised energy and fertiliser substitution, on-site human excreta management and import 
substitute are the micro and macro-economical as well as ecological benefits of bio-gas 
technology for human excreta treatment in Nepal. More than 50 percent of communicable 
diseases in rural Nepal are from polluted drinking water and the main cause of unhygienic water 
is due to unmanaged human excreta and household waste. On the other side, if waste water 
and toilet attached bio-gas technology is implemented; rural households can increase the 
amount of gas needed for a gas lamp for an hour of evening lighting and especially women and 
children save water fetching time. Government's expenses can be saved if proper economic 
incentive policy to promote holistic approach of household waste and wastewater combined 
biogas plants are adopted. Decentralised human excreta and other household waste 
management with biogas technology has multiple benefits in Nepal.  

Introduction 

It is now well recognised that human excreta on one hand is a valuable resources of nutrients 
and energy, on other hand contains pathogens causing diseases (Esrey et al., 1998; Otterpohl, 
2001). In Nepal this resources has been either discharged directly into water bodies or stored in 
a pit. Experience has shown that both practices have caused surface and ground water 
pollution. Because of the contaminated drinking water outbreaks of diseases like gastro -
intestinal, Leptospirosis , cholera, typhoid kill according National Sanitation  Policy 2000 report 
about 28,000 children annually in Nepal. Solution for safe and efficient disposal of human 
excreta in Nepal is obviously not the conventional centralised sewer system of industrialised 
countries that needs high investment, maintenance and operational costs. Decentralised and 
multipurpose bio-gas technology can be appropriate in Nepal for both economic and ecological 
reasons. 

Biogas technology 

Bio-gas technology, which was introduced in Nepal in 1950 but has spread rapidly during the 
last few years, is efficient and provides a cost-effective methods of disposing organic wastes 
and produces energy and fertiliser (Devkota,1999). In bio-gas reactor toilet wastewater is 
discharged and treated anaerobically with orga nic kitchen or garden waste. When anaerobic 
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bacteria degrade organic materials in the absence of oxygen methane and carbon dioxide are 
produced. The methane can be used as a source of renewable energy and the sludge, which is 
rich in nutrients and organic matter; and contains low pathogen, can be used after hygienisation 
in agriculture as a fertiliser. 

Calculation of financial benefits from biogas 

The benefits from waste water and toilet attached bio-gas are: saving of fuel wood, chemical 
fertiliser and better sanitation. Saving of 95 kg/year chemical fertiliser due to the installation of a 
bio-gas plant was found from a study in a mid hill village of Nepal in the year 2000. The local 
cost of chemical fertiliser per kg was (Nepalese Rupee) NRs. 22. The cost of fuel wood was 
found NRs. 1.50 per kg, the running cost of bio-gas in the village was NRs. 300 /year. The 
average cash paid by farmers per plant is  NRs 14650 and NRs. 17200 for 6 m3 and 8 m3; and 
total fuel wood saved due to installation of the bio-gas plant is 2128.7 kg and 2530 kg 
respectively. The average kerosene consumption was found to be 3.2 litre per month per 
Household and price paid was NRS. 20/liter before biogas installation. Taking interest rate of 
16%, 25 years life span and no liquidation the financial calculation are given in table 1. 

 (1NRS= 80 EUR) Plant size 6 m3  Plant size 8 m3 

 
NPV  BCR IRR PBP NPV BCR IRR PBP 

Without subsidy  
5732 1.22 20% 4.95 6852 1.24 20% 4.87 

With subsidy of 10,000 
15732 1.95 34% 2.95 16852 1.89 32% 3.08 

Table 1: Values of different financial parameters of bio -gas plant in Nepal (NPV: Net Present Value, 
BCR: Benefit Cost Ratio  IRR : Internal Rate of Return PBP:Pay Back Period ) 

Micro economical benefits 

The main cause of unhygienic water and environment is due to unmanaged human excreta and 
household waste. Household expenses in health care, productive time losses due to illness, 
social costs of individual's psychological stress and social disharmony due to communicable 
disease (sometimes epidemic), normally, the hidden micro-economic costs to an individual or a 
household (HH) in rural Nepal, can be saved if small-scale interventions are made in bio-gas 
plant with attached toilet and wastewater. A survey carried out by Bio-gas Support Programme 
(BSP, 1998) showed that about 30% of bio-gas users feel that the cases of intestinal diseases 
and diarrhoea have been prevented after installation of bio-gas plant. Discharging of other 
wastewater into the toilet attached bio-gas plant would reduce the drudgery of women a nd 
children, an important factor to be considered for the rural women and children in Nepal, for 
their health, development and empowerment. A 6-m3 family size bio-gas plant needs about 45 
litres of water everyday (BSP, 1998) and water collection - often from a long distance, is the job 
of women and children in Nepal. From the study it has been found that if waste water is not 
connected to the biogas plant average of one hour daily work load is added to women and 
children. Inclusion of waste water can reduce this extra work load. If analyses are done the 
magnitude of such benefits can easily out -weight the investment needed for the small-scale 
technological intervention. On the other side, if toilet attached bio-gas technology is 
implemented (currently 36% bio-gas owner are doing so in Nepal), rural households can 
increase the amount of gas production-by an hour of evening lighting. From a biogas plant, as 
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per findings from the study, about NRs. 720 has been saved by each HH in a village of mid-hill. 

Macro economical benefits 

Government's expense for public health mainly for communicable disease caused by 
unhygienic environment, even though insufficient for rural masses, is significant. Governments 
regular expenditure in the year 2000 for the health sector was 3.84% and development 
expenditure was 6.67 percentage of total budget allocated respectively. Only 16% Nepalese are 
having managed sanitation facility and only 20 percent are having access of health facility 
(UNDP 2000). There are more than 37% people who can hardly manage one dollar a day. And 
42% are under the absolute poverty.  On the other hand more than 30 percent of hard currency 
reserves are drained for fossil fuels and kerosene is the only medium of lighting for more than 
80 percent of rural househo lds. Government's expenses can be saved if proper economic 
incentive policy to promote holistic approach of household waste and wastewater combined with 
the bio-gas plants are adopted. Additional benefit, obtained from bio-gas sludge, is reduction of 
usage of commercial fertiliser that is produced with high energy and fossil resources. An 
economic analysis, even taking financial costs and benefits only, shows that such policy will 
have high rate of return. 

From figure 1 and 2 it can be said that by incorporating rural sanitation concept into the popular 
bio-gas technology the rural people can get more relief from communicable diseases and its 
consequences. Inclusion of waste water and toilets in bio-gas digester cost less than NRS. 
2500, as already implemented by a UNDP supported programme in few villages of Nepal. Such 
additional cost will have exponential benefits altogether if we able to monetarize benefits.  

Ecological benefits 

The most important ecological benefits of human excreta and other household waste 
management with bio-gas technology are prevention of water pollution and production of 
energy. The sludge of bio-gas plant is rich in nutrient and organic matter, which can be used in 
agriculture as fertiliser and soil amendment. Bio-gas energy when used for cooking and lighting 

Figure 1: Percentage of water-borne diseases 
reported to the government 
hospitals (CBS 2001 data compiled 
into the graph) 
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in household can help to reduce CO2 emission from fossil fuel consumption and rapidly 
increasing deforestation that causes decreased bio-diversity, soil erosion and desertification 
and global warming (BSP, 1998). About 90 percent of all wood consumed in Nepal is fuel for 73 
percent of rural households and there is already a situation of fuel wood deficit (Bluffstone, 
1995, NLSS 1996 Baskota et al 1999). Forest degradation has led to extensive exploitation of a 
valuable natural resources, flora and fauna and valuable species In Nepal.  

Conclusions 

In Nepal decentralised human excreta and other household waste management with biogas 
technology has multiple benefits. This low cost and self -managed system can be built with 
people's participation for improved sanitation and decentralised energy system. It will help 
individual at micro level whereas a nation can be better off when calculating macro level 
ecological and economical benefits. 
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Abstract 

Terai, the lowland part, shares 23% of the land area but harvests 47% of the country’s 
population. Ground water is the main source of water for drinking and domestic purposes and 
people use shallow tubewells to pump ground water (GW). Survey reflects that more than 57% 
of the tubewell water is microbiologically contaminated. The sanitation system is very poor and 
most of the Terai people use riverbanks for defecation. In the rainy season most part of the 
Terai gets inundated and pit latrines and soakpits overflow. Waterborne disease claim about 
50000 under five child deaths annually. Agricultural productions contribute about 50% of  
country's GDP. And one estimate indicates that about 1.8 million tons of plant nutrients are 
removed away from soils of crop harvest and soil erosion of which only 16% are replenished by 
organic and mineral ferti lizer sources. Construction of sewerage system and WWTP is very 
expensive so Eco-toilet seems to be the cheap and sustainable alternative to conventional 
system, which prevents GW from contamination and helps to replenish nutrients and organic 
matters of the soil. 

Introduction 

Nepal is a mountainous country. It has an area of about 147181 km2 and a total population of 
about 23 millions. It mainly consists of three physiographic regions, viz. Mountains, Hills, and 
Terai (low land). The share of land and population of these regions is presented in tab le 1 

Share of 

Land Population 

Access of people to 
physical facilities 

Physiographic 
Region 

 
% 

Area 
(103 km2) 

 
% 

 
Millions 

Piped water 
(%) 

Sanitation 
(%) 

Population 
growth rate  

(% per annum)  

Hills 15 22.10 7 1.61 75 15 ~0 

Mountains 62 91.20 46 10.58 65 45 ~2 

Terai (low land) 23 33.90 47 10.81 74 42 >3 

Total 100 147.18 100 23.00 69 43 ~2.1 

Table 1: Share of land and population by physiographic regions  

Water quality in river and lakes near urban areas is deteriorating due to unregulated discharge  
of domestic and industrial effluent, and the health of the people is compromised by both 
inadequate wastewater treatment and insufficient supply of potable water.  
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Historical background of water and sanitation facilities 

Many water supply projects have been completed since the establishment of the Department of 
Water Supply and Sewerage (DWSS) in 1972. The projections show that about 70% of the 
people are served by drinking water facilities. But records show that more than 10% projects are 
not functioning anymore whereas about 50% of the completed projects require major 
rehabilitation work. Thus the actual population served by water supply facilities comes out to be 
less than 50%. The drinking water sector was given a top priority only after U N 's declarati on of 
the 80's as the International Water Decade. But the sanitation sector was left unemphasized. 
Normally public taps of a rural water supply project should fulfill many prerequisites (Table 2).  

Max. distance to the tap Households 
to be served 

Max. time to fetch 
water (to the tap) Horizontal Vertical 

Per capita cost 
of the project 

Remarks 

3-10 ≤ 5 minutes 300 m. 100 m. ≤ NRs. 3000.0 US$ 1. = NRs 78.0 

Table 2: Criteria for a Community Tap of a rural water supply project 

Water born diseases claim abo ut 40,000 under five child deaths (UNICEF 2000) and the 
country suffers an estimated loss of NRs. 9000 millions each year . The emphasis on 
sanitation sector has been assigned top priority only after the UNICEF's report indicating high 
children mortality. 

Since then toilet construction is made mandatory to the communities requesting a new water 
supply project. The toilet construction in the rural areas has been the main sanitation activity 
since 1992, when ADB funded Second Rural Water Supply and Sanitation Sector Project was 
launched. 

History of use of faeces as fertilizer 

Farmers from Bhaktapur (a historical city in the Kathmandu valley) have been using fresh 
faeces instead of composted faces in vegetable farming since ancient times. The tradition of 
using fresh faeces still continues but to a reduced scale. Though use of faeces in the field helps 
to replenish nutrients/organic matters but the health risks associated with handling could claim 
much more than the increased growth. It seems that the knowledge about nutrient contents of 
faeces and urine was not known. If it were understood earlier, they would have been using also 
urine instead of using faeces only. 

National Sanitation Policy (NSP) 

The National Sanitation Policy (1994) was formulated and brought into action with an aim to 
increase knowledge and awareness among all level of the community, particularly women and 
children regarding improved sanitation and bring about attitudinal and behavioural changes for 
improved sanitation and hygiene practices. Construction and maintenance of wastewater 
treatment plant (WWTP) and sewerage system is a very costly affair and may cost millions of  

Cost sharing (%) Sanitation Activities 
Government Community 

Remarks 

Construction of Sewerage system  60.0 40.0 
Construction of WWTP 90.0 10.0 
Construction of Surface drainage 75.0 25.0 
Operation and Maintenance (O & M) 
costs 

- 100.0 

People are not willing to share 
this huge amount of cost but 
are demanding centrally 
controlled sewerage system 
and a WWTP 

Table 3: Cost sharing mechanism for sanitation systems 
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Rupees. The NSP expects that levies be charged in such a way that all O&M cost of a sewer 
system is borne by the community. Table 3 elucidates the Government's policy regarding 
sanitation systems. 

But the question is of sustainability: whether operations and maintenance costs of sanitation 
systems, to the people of a nation having per capita income of less than US$ 200.0, is 
affordable or not? Of course not. Therefore there is an urgent need to look for cheap, 
affordable, Eco friendly and appropriate alternative to conventional sewer/sanitation systems so 
as to conserve water, environment and to reduce the construction and O&M costs of sewer 
systems. 

National Sanitation Week (NSW) 

To publicize the implications of poor sanitary conditions and to motivate people to actively 
participate in sanitation related activities, Nepal National Sanitation Campaign (NNSC): a five 
year 2001-2005) campaign has been introduced.  Nepal's position in providing water and 
sanitation facilities compared to global perspective is presented in table 4.  

Physical facilities Global population Nepal's population 

People lacking access to safe drinking water 20% (1.2 billion) 32% (7 million) 

People lacking access to proper sanitation 40% (2.4 billion) 70% (16 million) 

Solid waste not properly managed 50% (3 billion) 90% (21 million) 

Table 4: Comparison of physical facilities Nepal's' to Worlds'  

It is expected that 80,000 new permanent toilets (service to 480,000 additional populations) will 
be constructed during NNSC (five years). Share of Terai people to new toilet construction is 
expected to be 50% and Hills and Mountains share 50%. New and permanent toilet implies 
flush toilet consuming ample amount of water. 

The Terai (lowland) and the water source: 

About 90% of the Terai population uses ground water for drinking and other domestic purposes. 
Estimates show that there are 200,000 tube wells (mostly shallow), which provide drinking water 
for 10 millions people. The depths of the tubewells mostly vary from 5 to 10 meters, and this 
depth is liable to be contaminated from the leachings of pit latrines and soak pits (depth ranging 
from 1.5-3.0 Mt.) and from leaching of contaminants from solid wastes piled up in the street 
corners.   

District Jhapa  

(1) 

Morang 

(2) 

Sunsari 

(3) 

Saptari 

(4) 

Siraha 

(5) 

Rautahat 

(6) 

Mahottari 

(7) 

Total samples 100 200 200 200 200 200 200 

Microbiological  +ve 66 126 113 83 121 99 106 

% of total 66 63 56.5 41.5 60.5 49.5 53 

        

District Dang 

(8) 

Banke 

(9) 

Bardia 

(10) 

Kailali 

(11) 

Ka.bastu 

(12) 

Kanch.pur 

(13) 

Total  

(14) 

Total samples 196 200 200 200 200 200 2496 

Microbiological +ve 135 44 160 98 115 165 1431 

% of total 68.9 22 80 49 58 82.5 57 

Table 5: Scenario of microbiological contamination of water (tubewells ) of Terai districts. 
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The survey conducted by water quality section of DWSS in twenty Terai districts showed that 
more than 55% of the tubewells have positive results on microbiological contamination but the 
share of improper sewer system and pit latrines is yet to be ascertained. The results of the 
survey from thirteen districts are presented on table 5. 

Agriculture and Gross Domestic Product (GDP) 

Agricultural productions contribute about 50% of country's GDP. It is estimated that Nepal is 
loosing 240 million tons of top fertile soil annually. Another estimate indicates that about 1.8 
million tons of plant nutrients are removed away from soils of crop harvest and soil erosion 
(Ghimire and Upreti, 1997), of which only 16% are replenished by organic and mine ral fertilizer 
sources. Agricultural productions in mountainous and hilly regions are decreasing by more than 
40kg/ha/yr. If this decrease along with population increase (2.1% per annum) continues, the 
condition of the country after few years can be disastrous necessitating the redirection of 
nutrients and organic matters to the crop fields that are removed from crop harvests.  

Contribution of eco-toilet to national economy 

The total agricultural land holdings, average land holding, average fertilizer use and cost 
required to import the chemical fertilizer is presented in table 6. The trend shows that urea is:  

Total 
agricultural 
land holdings 
(ha.) 

Average 
agricultural 
land holdings 
(ha.) 

Average 
fertilizer use  

(NPK) 

Kg/ha 

Total 
fertilizer 
use 

(Mt.) 

Urea 
(46% N)  

 

(Mt.)  

Fertilizer 
(N) 

 

(Mt.) 

Total cost 

(Cost of urea / mt = 
NRs.16000) 

NRs 

2598971 0.96 21.2 55098 33060 15210 529 million 

Table 6: Fertilizer use trend and cost involved to procure the fertilizer in Nepal 

used more than 60% of the total fertili zer use. Phosphates and Potash fertilizers share 
remaining 40%. The Government is giving subsidies to the farmers of NRs. 3000 per tone of 
urea and is spending about NRs. 100 millions on subsidies whereas the nutrients that are 
present in urine and faces are wasted. If the contents of a toilet after proper composting can be 
directed to the farms millions of rupees that are used to import chemical fertilizer can be saved.  

Conclusions / recommendations 

At present, the country is not in a position to provide private taps to individual houses in the 
rural areas (table 2). Since people cannot afford for drinking water almost no one will be ready 
to share the construction and O&M costs (table 3) of a sewer system. In view of this situation 
there will be a stalemate situation regarding sanitation systems. It is therefore necessary to 
think of a cheap and sustainable alternative, which not only manages the sanitation systems but 
also helps to redirect and replenish the nutrients and organic matters in the field that are taken 
away as crop harvests. Eco-toilet seems to serve the purpose and is therefore a best 
alternative. BOD load to the river systems and health risks associated with handling/application 
are considerably reduced in case of well-composted faeces. 

The Terai part of Nepal gets inundated at least once every year in the rainy season (June -Sep). 
Therefore elevated box (separate boxes for faeces and urine collection) type Urine Diverting 
(UD) toilets is proposed (figure 1). Ground water, the main source of dr inking water in Terai, can 
be saved from further microbiological contamination. Cost of Eco-toilet (≈ US$ 125) is also 
comparable to so-called permanent sanitary toilet normally called “pucca” toilet in Indian sub 
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continent. A national level workshop/seminar is suggested to familiarize the advantages of Eco- 
toilet to political leaders/planners and local representatives.  
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Figure 1: Typical Minimus continuous 
flow device. Height = 2 m. 

Owner-built composting toilets in Lismore, Australia:  
meeting the needs of users and regulators* 
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Abstract 

This paper describes a study of 20 owner-built composting toilets, built to three generic designs 
(the large continuous flow Minimus, the large Farallones Batch and the small Barrel Batch) in 
the Lismore area in the Australian state of New South Wales. The toilets were asse ssed for 
owner satisfaction and for compliance with the national standard for composting toilets. Fifteen 
of the 20 owners rated their toilet’s performance as either “excellent” or “good”. The only “poor” 
rating came from the owner of a Barrel Batch system who had not been adding bulking material.  
While the three generic toilet designs appear to be basically sound, some toilets required 
structural adjustment after commissioning.  Most problems with toilet management were 
overcome by minor modifications to management practice on the part of the owner. The study 
raised a number of questions regarding the standard’s requirements for composted end 
product. 

Introduction 

The city of Lismore is located in the north east corner of the Australian state of New South 
Wales, approximately 800 km north of the state capital, Sydney. The area experiences a 
maritime subtropical climate with mean daily minimum temperature varying from  7oC to 19oC 
and mean daily maximum temperature from 19oC to 29oC. The Lismore City Council local 

government area has a population of 43,000, some 
32% of whom live in unsewered rural or village 
situations. These 15,000 people are served by 
approximately 5,000 on-site domestic wastewater 
management systems of which roughly  250 (5% of 
total) include a waterless composting toilet. Some 70% 
of these composting toilets are not factory-built but are 
constructed either by the owner, or by a local 
contractor, usually to one of a number of locally 
adapted generic designs. The most popular owner-built 
composting toilet design is the “Minimus”, a relatively 
large (~2,000L) continuous-flow device modelled on the 
commercially available Clivus Multrum. It is usually built 
in concrete block (Figure 1). Also popular is the 
”Farallones Batch” system, a relatively large (~2,000L) 
two-chamber batch device, also commonly constructed 

                                                
*This paper has been peer reviewed by the symposium scientific committee 



2nd international symposium on ecological sanitation, april 2003 

 346 Davison 

 

S
essio

n
 C

 

in concrete block (Figure  2). Less popular is the “Barrel Batch” system, a batch device based 
on relatively small (~200 litre) readily available plastic chambers such as wheelie bins or pickle 
barrels (Figure 3).  

Concerns on the part of local and state government health officials regarding the amenity and 
safety of owner-built composting toilets were allayed when a study of helminth survival in six 
composting toilets (four of them owner-built) by Safton (1993) led to the conclusion that “with 
the possible exception of viruses, the humus end product could be considered pathogen free”. 
The design, construction and performance of composting toilets in Australia and New Zealand is 
governed by a standard, AS/NZS 1546.2:2001, which requires that, for each model of toilet, the 
end product of at least one unit be tested against the criteria set out in Table 1.This process is 
economically feasible in the case of standard runs of factory-built toilets but becomes unduly 
expensive in the case of owner-built toilets which, despite the fact that they tend to be based on 
generic designs, are each unique in some way. For this reason few owner -built composting 
toilets have been assessed against the criteria set out in the standard. 

Characteristic Performance criterion 
Consistency  Sample shall contain no recognisable faecal material  
Odour There shall be no offensive odours from the end product immediately 

following removal from the chamber  
Moisture content at base of 
pile in removal zone 

Not to exceed 75% by weight (all samples) 

Pathogen indicators 
(a) Thermotolerant coliforms 
(b) Salmonella spp. 

 
Less than 200 per gram dry weight (all samples) 
Not detectable (all samples) 

Table 1: AS/NZS1546.2:2001. Composted end product requirements (3 x 2 = 6 samples) 

The main aim of this study was to assess the performance of 20 owner -built composting toilets 
and one factory-built toilet from the point of view of (a) owner satisfaction, (b) soundness of 
design, (c) soundness of construction, (d) level of management and (e) end product compliance 
with AS/NZS 15476.2:2001. A second aim was to assess the appropriateness of the 
performance requirements set out in AS/NZS 1546.2:2001. 

Methods 

A total of 20 owner-built composting toilets (13 Minimus, 5 Farralones Batch and 2 Barrel Batch) 
and one commercial toilet (Clivus Multrum) were inspected and three samples of finished 
product taken from each between June and October 2002. The samples were tested for 

Figure 2: Typical Farallones Batch device -  
Chamber height ~1m. 

Figure 3: Barrel Batch device–modified 240L wheelie 
bin 
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pathogen indicators, consistency, moisture content and other physico-chemical parameters. 
The owner of each unit was also asked to answer 40 questions relating to issues such as 
system design, ventilation, odour problems, leachate and greywater management, bulking 
material, residence time, reason for choosing a composting toilet, performance of the system, 
visitor response etc, as well as operation and maintenance. An additional three samples of 
composted end product were taken from five of the Minimuses, two of the Faral lones and the 
Clivus Multrum (the “intensive” group) in order to accord fully with the sampling requirements 
specified in AS/NZS 1546.2:2001 sampling procedures. The study is reported more 
comprehensively in Davison and Waker (2003). 

Results and discussion 

Thirteen of the toilets were less than five years old at the time of the study, six were 5-10 years 
old and two were greater than 10 years old.  Eighteen of the 21 units inspected were passively 
ventilated. Two of the Minimuses had been retrofitted with wind driven extractor fans. The 
Clivus Multrum used a mains powered fan as a standard fitting. All but two householders (both 
owners of passive Minimuses) considered the ventilation of their toilet to be adequate. Apart 
from the Clivus Multrum all ventilation pipes were < 100 mm diameter. In twelve cases bulking 
material was added to the heap after every use. Four households practised daily and four 
practised weekly bulking material addition. The owner of one of the small Barrel Batch units 
added no bulking material to his toilet with consequent odour problems. Wood shavings and 
sawdust were used as bulking material in 20 of the households, newspaper in four, grass 
clippings in three and dry leaves in three. Kitchen scraps were added to the compost heap in 
twelve of the households. Five of the owners had added worms to their heap, and two were in 
the habit of adding agricultural lime periodically. 

Estimates of the mean residence time of material in the toilets ranged from as much as 34 
months for the Minimus design down to 13 and 15 months for the Farallones and Barrel Batch 
designs respectively. Thirteen of the householders reported that their toilet had at some time 
produced a “slightly unpleasant” odour. Seven reported either “non-offensive” or no odours. The 
Barrel Batch unit subject to zero bulking material addition produced an odour classified as 
“offensive”. Of those householders reporting odours, ten undertook no additional remedial 
management action, four increased the rate of bulking material addition,  one improved 
ventilation of the compost heap, one improved ventilation of the room and one reduced urine 
input. All 21 householders applied the composted end product to fruit tress or non-edible plants 
and none applied it to vegetables. 

Householder assessment Most negative visitor response  
Toilet 
design 

 
Excellent 

 
Good 

 
Average 

 
Poor 

Complete 
acceptance 

Reserved 
acceptance 

Total 
rejection 

Minimus 4 4 5  5 6 2 
Farallones 4 1   2 2 1 
Barrel Batch  1  1  1 1 
C. Multrum 1    1   
Total 9 6 5 1 8 9 4 

Table 2: Owner assessment and visitor response to composting toilet vs toilet design 

Table 2 summarises the assessment of the toilet owners themselves and the reaction of their 
visitors to the composting toilet. It can be seen that the only owner who gave a rating of “poor” 
was the Barrel Batch owner who experienced odour problems as a result of not adding bulking 
material.  Forty percent of toilet owners reported “complete acceptance” of the composting toilet 
by all visitors.  A further 40% reported “reserved acceptance”, that is some initial hesitance on 
the part of some visitors followed by a willingness to participate once the process and 
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requirements had been explained. Only 20% of owners had experienced “total rejection” by one 
or more visitor. 

Table 3 shows the degree to which the six samples of composted end product from the eight 
intensive group toilets complied with the performance criteria set out in Table 1. All eight units 
passed the test for consistency (no recognizable faecal material), odour (no offensive smell) 
and Salmonella (non detectable) for all six samples. The Salmonella result is probably due to 
the fact that < 5% of the population carry this pathogen, so the use of this indicator is 
questioned. None of the units satisfied the moisture content criterion which requires that all six 
samples contain < 75% moisture by weight. However for all but two of the eight toilets the 
arithmetic mean of the six moisture content readings was <75%. Only one toilet passed the 
thermotolerant coliform test by having all six samples < the required 200 cfu/g. Another five 
toilets had geometric mean coliform readings < 200 cfu/g. It is interesting to note that the 
composted end product with the highest coliform count and also the equal highest moisture 
content  came from the commercially built Clivus Multrum, the only one of the 21 units surveyed 
which had been approved under the state guidelines. Questions to the owner of this toilet 
revealed that the high moisture content was a result of the owner’s weekly pr actice of hosing off 
his garden rake into the compost chamber after raking the heap. The high coliform readings 
were a result of short circuiting of faecal material from the top of the heap to the collection 
chamber caused by inadequate addition of organic starter material during the startup phase. 

Conclusion 

Only one of the eight intensive group toilets (Farallones #8) passed the coliform test and none 
passed the moisture content test. Despite this fifteen of the 20 owner-built composting toilet 
owners rated their toilet’s performance as either “excellent” or “good”. The only “poor” rating 
came from the owner of a Barrel Batch system who was not adding bulking material to the 
heap.  While the three generic toilet designs appear to be basically sound, some toilets required 
structural adjustment after commissioning. Most problems were overcome by minor 
modifications to management practice on the part of the owner. With regard to the standard: the 
criteria for odour and consistency appear to be appropriate. The  use of Salmonella as a criterion 
for disinfection is questioned. The criteria for moisture content and thermotolerant coliform 
levels could also be reviewed and adjusted slightly in light of the study.  
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Consistency Odour Salmonella
arith. mean # samples geo. mean # samples
% by weight > 75% cfu/g > 200

Minimus #10 OK x 6 OK x 6 81 5 28 2 OK x 6
Minimus #11 OK x 6 OK x 6 71 2 54 2 OK x 6
Minimus #12 OK x 6 OK x 6 75 4 41 2 OK x 6
Minimus #15 OK x 6 OK x 6 73 1 201 4 OK x 6
Minimus #17 OK x 6 OK x 6 69 3 122 3 OK x 6
Farallones #7 OK x 6 OK x 6 59 1 83 2 OK x 6
Farallones #8 OK x 6 OK x 6 75 4 5 0 OK x 6
C. Multrum #13 OK x 6 OK x 6 81 5 857 5 OK x 6

Moisture content Thermotol. Coliforms
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Abstract 

In the peri-urban areas of Kumasi, Ghana, rapid growth, widespread poverty, inadequate local 
governance and limited financial resources all contribute to increasing pollution and waste 
disposal problems. Participatory action research (PAR) was conducted in four selected peri -
urban villages (Adagya, Asago, Esereso and Kyerekurom) with the aim of investigating how 
appropriate strategies and policies can be incorporated into a community-based waste 
management programme. Results from preliminary and household surveys indicated a high 
potential for a household waste separation and composting programme. This was reinforced by  
the communities' willingness to participate and by their eagerness to improve village sanitation 
while also contributing to their agricultural livelihoods, as the composting and reuse of organic 
waste is a means of recycling nutrients and restoring soil fertility. Several household-
composting strategies were implemented to demonstrate that hygienic composting could be 
conducted within the community. Methods that were demonstrated and tested included barrel 
composting, vermicomposting, brick-built compost bins, and a purposely-designed compost 
tumbler, all of which were implemented using micro-projects and training workshops through 
community level facilitators. In the context of household waste management strategies, a variety 
of interventions that meet the low-cost requirements and that are appropriate in the peri-urban 
areas of Kumasi are feasible. 

Introduction 

The increasing pollution and waste disposal problems that are to be found in many sub-Saharan 
African cities have become distinctive features of Kumasi, Ghana, where rapid growth, 
widespread poverty, inadequate local governance and limited financial resources all contribute 
to the waste problem. The pollution and waste disposal problem is most acute in peri -urban 
areas, where waste management services are seldom provided despite rapidly increasing 
settlement densities. In peri-urban villages where no waste collection services are provided, 
community members use an allocated site where solid waste is simply dumped and allowed to 
accumulate, to be burned occasionally. In the past, such dumping posed a low public health and 
environmental risk because what little waste there was consisted mainly of organic matter, 
which was either eaten by livestock or decomposed naturally and thus never accumulated to the  
scales that can be observed today. The increasing population of peri -urban areas has led to 
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higher waste flows, and the rising quantities and proportion of plastics within domestic waste 
reduces the effectiveness of any natural decomposition. These condit ions have resulted in the 
growth of unsanitary conditions in many peri-urban villages, and with the current in-migration 
trends that are occurring in peri-urban Kumasi, the situation is likely to deteriorate even further. 
However, despite these entrenched problems, opportunities for community-based waste 
management strategies do exist and when implemented appropriately can not only improve 
environmental sanitation but also enhance local livelihoods. 

Research approach 

The research project was implemented using a participatory action research (PAR) approach. In 
essence, PAR is a problem-solving, iterative and systematic approach to research where a 
range of ‘intellectual resources’ are drawn upon to find a solution to a problem or to improve 
current practices (Phillips and Pugh, 1994). The research tools used during the fieldwork – 
participatory rural appraisal techniques, semi -structured interviews, micro-projects and workshops - 
were predominantly qualitative methods, and hence bestowed several important advantages 
which are crucial if a PAR approach is to be successful and truly participatory. These included: 
flexibility of research design and methods; increased holistic understanding of the issues; more 
natural settings; and inclusion of local perceptions and viewpoints (Curry, 1996). The first phase 
consisted of an orientation and familiarisation survey of the four selected peri -urban villages 
(Adagya, Asago, Esereso and Kyerekurom). This provided an opportunity to make initial contact 
with the respective village Chiefs (traditional village head), Unit Committee representatives 
(elected village body), and the community level facilitators (CLFs) (community chosen 
representatives working on a UK Department for International Development funded livelihoods 
project), thereby introducing the research project and identifying some of their main issues and 
concerns. Despite differing social and economic circumstances and geographical locations 
amongst the four villages, several characteristics proved common in all four  sites and were 
observed during the preliminary surveys: unmanaged open waste dumps; open defecation by 
children on waste dumps; disposal of chamber pot waste in plastic bags on waste dumps; and 
indiscriminate dumping of waste on village peripheries. 

The second phase consisted of a household survey in which semi -structured interviews were 
used to collate household, waste, sanitation, health and agricultural details and also to 
determine micro-project participation willingness in each of the villages (Adagya n=58; Asago 
n=58; Esereso n=56; and Kyerekurom n=53). Pertinent data from the survey shows the high 
percentage of households engaged locally (>4km) in agriculture (88%) and the fact that daily 
domestic waste consists mainly of food scraps (peels from cassava, yam and coco yam and 
plantain skins) and wood ash, with only small quantities of sand and plastic bags. Although 
plastic bags constitute only a small component of daily domestic waste, it is their accumulation 
over time on the waste dumps which leads to the large unsightly mounds that plague all four 
villages and many other peri-urban areas of Kumasi. Results from preliminary and household 
surveys indicated a high potential for a household waste separation and composting 
programme. This was reinforced by the communities' willingness to participate, and by their 
eagerness to improve village sanitation while also contributing to their agricultural livelihoods, as 
the composting and reuse of organic waste is a means of recycling nutrients and restoring soi l 
fertility. Once appropriate interventions were identified, they were implemented using micro-
projects and training workshops conducted through the three CLFs of each village. This also 
contributed to the enhancement of the CLFs’ capacity to produce and a nalyze knowledge 
(Douglass, 1992). Micro-projects were used to provide simple demonstrations that could be 
easily replicated, particularly after other community members have observed the direct benefits. 
However, there may be a prolonged time lag before outputs are available, so the intervention 
must be well planned and sustainable, with local people actively participating in all stages of the 
planning and implementation process. By increasing the number and distribution of micro-
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projects in each village the dissemination capacity is also increased, thereby reaching a wider 
community audience. 

Household composting 

In light of the local agricultural activities, the need for soil ameliorates (Nsiah-Gyabaah and 
Adam, 2001) and the high proportions of organic ma tter in domestic waste, several household-
composting micro-projects were implemented to demonstrate that benefits of hygienic 
composting methods within the community. When composting domestic waste in densely 
populated areas, suitable composting containers are required that will keep out mechanical 
disease vectors, such as flies, mosquitoes, cockroaches and vermin such as rats, which thereby 
ensures that the composting process remains safe and hygienic. An additional – and 
immediately observable – benefit from composting organic waste at the household level is the 
reduction in the number of trips that household members (inevitably children and women) must 
make to the open refuse dumps, thereby reducing their exposure to potentially hazardous sites. 
The composting methods that were demonstrated and tested included barrel composting, 
vermicomposting (use of earth worms), brick-built compost bins, and a purposely-designed 
compost tumbler. Initially, a total of 10 brick-built compost bins and 5 compost tumblers were 
distributed at prominent strategic points that were spread throughout each of the four villages.  

The brick-built compost bins consist of a double-chamber with a wooden lid. Gaps are provided 
between the bricks in the bottom course to facilitate airflow, while making holes in the compost 
pile with a sharp stick provides additional aeration. Each compost bin is sufficient for a 
household with an extended family. Unlike the brick-built compost bins, the ‘Suame compost 
tumbler’ has a smaller capacity and therefore is only suitable for smaller households, as rapidly 
filling the drum with organic wastes may result in putrefaction. The tumbler is an outcome of 
collaborative work between the Centre for Developing Areas Research and the Intermediate 
Technology Transfer Unit, Kumasi, and it is designed to accelerate organic decomposition while 
ensuring hygienic conditions are maintained; specific design features were included to ensure 
suitability for tropical conditions and ease of use by children. After construct ion of a compost bin 
or allocation of a tumbler, the respective household members received training in waste 
separation and composting techniques. In addition, information leaflets in both English and the 
local Twi language were distributed. The leaflets provide clear instructions in composting 
techniques and include sketches. Training and technical assistance was then provided to a 
further 6 households which adopted the techniques and supplied their own blocks to construct 
brick-built compost bins. Likewise training and technical assistance was given to five 
households in Adagya where a larger brick-built compost bin was constructed for communal use 
by the 5 participating households. The larger brick-built container consists of three chambers 
and the blocks on the front of the bins are unmortared to provide easy access when removing 
the compost. Additional de monstrations included barrel composting in Asago and 
vermicomposting in Esereso, both of which were constructed using recycled materials found 
within the respective villages. 

Results 

Since implementation, regular monitoring of the compost containers has been conducted to 
evaluate both the performance and appropriateness of the compost containers. In economic 
terms the most cost-effective have been the containers that were constructed from recycled 
materials and hence required no financial inputs. These included the barrel composting and 
vermicompost containers and an unmortared block-built compost bin constructed from recycled 
blocks. Whereas the average construction cost of each block-built compost bin was approx. 
EUR 13, the construction cost of each compost tumblers was approx. EUR 58. Despite the 
compost tumbler being highly effective in decomposing small quantities of organic waste, the 
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construction cost exceeds the purchasing power of many peri-urban farmers and therefore 
could only be viable if financial assistance was provided. Conversely, the wide availability of 
building blocks (both modern and traditional sun baked) increase the viability of block -built 
compost bins, particularly the larger triple chamber container as the cost can be divided by 
several households. All the containers proved to be effective for decomposing organic waste, 
particularly when good composting practices were followed, that  is where organic materials 
were shredded and the compost pile frequently aerated. Problems have occurred when 
containers are filled rapidly and the waste inside compacts and then putrefies. Removing the 
top layers and increasing aeration of the remaining compost pile has remedied this. 

Conclusions 

The systematic approach of PAR is highly appropriate in implementing a household waste 
separation and composting programme. The establishment of micro-projects within a 
community can be a catalyst for change, particularly when the strategy is affordable, has 
obvious benefits and contributes directly to the enhancement of local livelihoods. Micro -projects 
can be used to provide simple demonstration sites that can be easily replicated by other 
community me mbers, particularly after other village members have observed the direct benefits. 
However, there may be a prolonged time lag, so the intervention must be well planned and 
sustainable, with local people actively participating in all stages of the planning and 
implementation process. Interest in the introduced low-cost technologies has been high within 
the selected communities and several households have spontaneously adopted the techniques, 
supplying their own materials to construct compost containers. In the context  of household 
waste management strategies, a variety of interventions that meet the low -cost requirements 
and that are appropriate in the peri-urban areas of Kumasi are feasible. 
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Abstract 

In the history of Uganda the Pastoral Community of the  “Bahima” was based on annual 
migrations that were driven by the seasonal availability of grass and water and the prevalence 
of cattle diseases. The movement caused a lot of conflict between the Bahima and the 
neighboring communities, but also among themselves. 

This way of life was even made harder by the establishment of Government Ranches in the 
early 1960s covering 77km, the establishment of the Ankole Ranching Scheme (RS) between 
1963 and 1975 covering a total area of 640 km2 gazetting of Lake Mburo National thus 
squeezing the pastoralists into smaller and smaller areas. 

The break-down of law and order in the second half of the 1970s led to the collapse of the ARS 
and the deterioration of law enforcement regarding the game reserve.  As a result pastoralists 
started re-encroaching on the 2 areas illegally. 

As a matter of fact, the traditional owners of the land had become landless squatters.  

Following a change of Government in 1986, officials allowed former residents to go back to the 
gazetted areas, which the pastoralists did in 1987, destroying the headquarters and killing wild 
life they came across. 

Subsequent to these events, the park has since been reduced in size from 650 km2 to 260km2 
by a series of degazettments. 

The “Integrated Pastoral Development Project (IPDP) Mbarara”, aims at enabling 1000 settler 
families to sustainably satisfy their basis needs from their own resources within 6 years.  The 
Mbarara Local Government (MLG) and the “Gessellschaft for Technische Zusammenarbeit 
(GTZ)” are in charge of the project implementation from the Uganda and German side 
respectively. 

The ultimate objective for the implementation of an integrated water development programme 
during the 3 phases of the project, is to have settled communities with sufficient water for both 
production (livestock) and domestic use; and a sustainable sanitary environment.  

This object has been achieved using a gender – sensitive, participatory extension concept. 

Community self-help and extension projects can only be successful at target group level, if their 
activities are closely geared towards the needs as perceived by the target groups.  Therefore 
the first step always has to be an assessment of the target groups needs, before any measures 
can start. 

Both meetings are arranged by a multi-disciplinary group of project officials, representing 
specialists from communal water and sanitation facilities, women, plant production, forestry, 
animal husbandry and health.  

In about 90% of all cases, water has always emerged on top of their priority needs.  Being a 
nomadic community, development of water activities must include water for livestock and 
domestic use. 
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The potential for community based self -help activities such as water development has become 
a function of social cohension among the families that are living in a particular ranch.  As a 
result over 70% of the settlers have been involved in at least 2 other activities other than cattle 
rearing. About 50% of the families now have enough food supply from their own gardens and 
have surplus from which remained in the area and get income from mixed farming which we 
regard as sufficient by Uganda standards. 

All these developments have been sparked off by the 20 valley tanks constructed in the area, 
with capacities from 6000m3 to 15000m3. on average each of these tanks serve about 20 
families and 1000 heads of cattle. Over 200 pit latrines have been constructed.  

In this paper, it has been proved that the construction of a drinking water facility, bring security 
in the form of a regular supply of water and diminished danger of diseases. However, the 
reduction of risk on the ecological side requires a more complex, or even new form of 
organisation of water and often new technology. 

It is also possible that with availability of a water supply system, what used to be source of 
conflict (during visitation) can be transformed into a trade link and therefore acting as a starting 
point in a development agenda. 

However, to ensure a lasting water supplying system for the population, it is important that all 
users develop cultural ident ification with the water project and one which will enable them to 
cope with the newly emerging social – cultural risks. This will increase the security for all the 
water users. 
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Abstract 

This paper presents, on behalf of the project team, the Austrian project SUSSAN. The project 
aims on the one hand at identifying sustainable strategies for wastewater management, taking 
into account waste management and the agriculture, and at developing criteria to assess the 
sustainability of these options. On the other hand, it aims at analysing the possibilities to apply 
these concepts in existing structures. The existing model communities have been selected in 
order to represent typical Austrian rural settings, in different provinces. Nevertheless, in the 
course of the project  also a rural city will be analysed. In particular the r ural urban interface and 
its interaction between agricultural and urban areas, is of interest in the context of its 
wastewater management. 

Project context 

This paper presents, on behalf of the project team, the Austrian project SUSSAN which started 
in November 2002 and which will last until beginning of 2005. 

In recent years, the sustainability of conventional wastewater management concepts, which 
usually consist of a collection system and a wastewater treatment plant, has been put in doubt 
by various experts. For instance, the traditional method of wastewater disposal does not reuse 
the nutrients (e.g. N and P) which wastewater contains, instead a high energy demand is 
necessary to eliminate these nutrients from the wastewater, and the invested capital is t ied up in 
infrastructure which is inflexible and expensive. In addition, a large amount of potable water is 
wasted to flush away the human excreta. However, the traditional system is well suited for 
centralised systems, and is based on a long experience and thus a fully developed technique. 

The reuse of the nutrients is of particular importance considering that, with traditional 
wastewater disposal concepts, these nutrients are eliminated from the wastewater in the WWTP 
with substantial energy consumption on the one hand, while, on the other, these nutrients need 
to be either exploited from limited natural resources (P and K) or converted with considerable 
energy demand to a form which can be used by plants (N) in order to supply agriculture with 
artificial fertilizers. In particular bearing in mind the limited P resources, which may be fully 
exploited within 100-200 years (also other numbers have been mentioned), measures in order 
to recycle the P in the wastewater are highly required. Since sewage sludge is  increasingly not 
accepted by the public as a fertilizer, other methods are necessary.  

Alternatives to the traditional philosophy of wastewater disposal are concepts based on source 
control and the separation of the wastewater into its constituent parts ye llow water (urine), 
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brown water (faeces) and grey water. These concepts have been applied in Europe in several 
pilot plants in Sweden, and in some pilot plants in Germany and Denmark, in municipal 
wastewater management. Yellow water is of particular importance as a fertilizer, since it 
contains the nutrients N, P, K and S in a proportion which is ideal for plants.  

However, apart from the aspect of nutrient reuse, other factors, in particular micro -pollutants, 
acceptance and management of these concepts, have to be taken into account as well. 
Management encompass the juridical framework, financial aspects, organisation of the 
operation and the integration of waste-, and urban water management as well as agriculture. 
This is a challenge for the new concepts since on the one hand, more institutions are 
concerned, and on the other, the existing structures have been grown in the last 100 years and 
are therefore adapted to the traditional concepts. 

Further, even if the new concepts are more sustainable in selected aspects, a comprehensive 
assessment of their sustainability compared to conventional systems is up to now and general, 
difficult. This is in particular caused by a lack of long-time experience and by uncertainties (e.g. 
micro-pollutants). Currently, there are some projects in Europe which deal with this question, 
e.g. the Swedish Urban Water Program, the Swiss Novaquatis project, or the German 
Lambertsmühle project. In a long time horizon the question is being posed if it is more 
sustainable to keep the existing concepts and improve them, or to change to the new concepts. 
It is the aim of the project SUSSAN to contribute to answer this question, and in particular to 
elaborate guidelines how the experts of the authority shall deal with these concepts and how to 
deal with them in studies of alternatives. 

Project objectives 

The project aims on the one hand at identifying sustainable strategies for wastewater 
management, taking into account waste management and the agriculture, and at developing 
criteria to assess the sustainability of these options. On the other hand, it aims at analysing the 
possibilities to apply these concepts in existing structures. The existing model communities 
have been selected in order to represent typical Austrian rural settings, in dif ferent provinces. 
The latter aspect is of particular relevance, since in Austria the provinces are responsible for 
urban water management, which have their own, different, guidelines.  

Therefore, in particular guidelines for how to deal with such concepts during the evaluation 
process of the authorities and in the course of the analysis of alternative options for wastewater 
management, will be developed. Further, applied research in the field of decision support and 
the feasible definition of the term sustainable wastewater management, that the practitioner can 
deal with, shall be undertaken. The transdisciplinary approach will facilitate that the project 
results can be applied in practise. 

Project content 

The project is an applied research project. The interdisciplinary project team consists on the one 
hand of scientific experts from the fields of urban water and waste management, agriculture, 
organic farming, energy management, soil science, hygiene, sociology, economy and 
environmental chemistry. On the other, it consists of experienced engineers, governmental 
experts, and the inhabitants of 5 selected model communities. This ensures a transdisciplinary 
approach, which is necessary to facilitate the application of the project results in the political 
context. 

Bearing in mind the poor wastewater management situation in rural areas in Austria, the 
selected model communities are situated in the rural area, and have no foul sewers yet. In 
particular in existing settings, the integration of new and innovative wastewater management 
concepts is a challenging task. Even more conventional options, such as pressure and vacuum 
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drainage, which may be appropriate from a theoretical point of few, are in practice often 
perceived as problematic, and the devil is usually in the nuts and bolts. Implementing concepts 
based on a sorting of the wastewater’s constituent parts and source control, requires therefore 
innovative approaches which are adapted to the existing structures. However, such new 
concepts are of particular relevance in rural areas in Austria which have no foul sewers yet, 
since new houses are usually being build close to urban areas. Thus, there, a connection to the 
existing urban sewer system is usually necessary owing to economical pressure. Nevertheless, 
in the course of the project also a rural city will be analysed. In particular the rural urban 
interface and its interaction between agricultural and urban areas, is of interest in the context of 
its wastewater management. 

The project features the following tasks: 

Pool of options 

Several options for a sustainable wastewater disposal have been described and applied in 
recent years. This WP summarises the technical characteristics of these options and their unit 
processes. Further, methodologies to improve the conve ntional wastewater disposal systems 
will be considered (e.g. adapting existing structures, use of innovative technologies (e.g. eco 
turbo sewer). This work is based on previous projects, a literature review and own experiences.  

Baseline system analyses 

A baseline system analysis in the model communities with respect to socio -economic aspects, 
the agricultural structure and the business administration of selected agricultural companies, as 
well as the regional energy context and the relevant regional framework for wastewater 
management will be carried out.  

Planning 

For selected areas of the model communities new concepts for a comprehensive wastewater 
management, taking into account the principles of re-use of water and nutrients, will be planned. 
The emphasis lies on an optimisation of the construction and operation costs of the new 
systems. Further, possible improvements of the existing systems will be investigated. In 
particular in existing settings, the integration of new and innovative wastewater management 
concepts is a challenging task. Even more conventional options, such as pressure and vacuum 
drainage, which may be appropriate from a theoretical point of few, are in practice often 
perceived as problematic, and the devil is usually in the nuts and bolts. Implementing concepts 
based on a sorting of the wastewater’s constituent parts and source control, requires therefore 
innovative approaches which are adapted to the existing structures.  

Public participation 

In the course of this project the future users shall participate in the planning process. 

Evaluation 

Selected wastewater management concepts based on urine or black-water separation shall be 
evaluated. 

Economical analyses 

Investment and O&M costs for different concepts for wastewater disposal, for several cost 
scenarios, based on existing examinations, the opinion of the experts and the results of the 
Austrian project “Benchmarking in municipal wastewater management”, will be modelled. In 
particular the costs are very sensitive to personal preferences. This modelling exercise shall 
result in a cost  estimation which is accepted by both, sceptics and advocates of the new 
technologies. 

Further, cost-benefit considerations, considerations of indicators for the national economy and 
consideration of the financing, taking into account the existing subsidiation system in Austria, 
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will be carried out. In the context of biogas plants, the regional situation has to be taken into 
account. 

Organisational analyses 

From an energetical point of few, small organisational structures may be less effective than big 
ones. In particular concepts of ecological sanitation are characterised by small structured and 
decentralised organisational forms, and are thus often considered to be inferior to central 
organisational systems. This point is therefore crucial for the implementation of such concepts. 
Different possibilities for the organisation of the operation of these concepts, taking into account 
the existing local and regional structures, and aiming at increasing the competit iveness of 
decentralised concepts, will be analysed.  

Integrating agriculture and waste management 

The integration of urine and composts in the agricultural cycles of the model communities, 
taking into account the national and provincial frameworks for agriculture, waste management 
and subsidiation, will be analysed.  

Social analyses 

The experiences and attitudes of potential users of innovative wastewater management 
concepts will be examined. It aims firstly at investigating the acceptance (considered as a result 
of a learning and decision making process) of alternative concepts in the model communities, 
secondly at the development of planning-relevant user feedback, and thirdly, at the 
development of a diffusion concept, to support the implementation of such concepts. 

Decision support 

In the course of the evaluation of a proposed project by the authority, the experts of the 
authority have an important role. In particular with new options, the experts face a difficult task. 
On the one hand, such options are not considered to be BAT standard, on the other hand, the 
advantages of these options may not be relevant in the existing decision making framework.  

Based on the project “Deciding and comparing in environmental risk management”, which was 
co-ordinated by the Institute of Mathematics and Applied Statistics of the University of Natural 
Resources and Applied Life Sciences, Vienna, it will be examined, on the one hand,  how the 
decision making process of the authority may become more transparent (assessment rules , 
procedures for decision making), and on the other hand, how the term “sustainable wastewater 
management” can be defined in a feasible way, in order that the practitioner can deal with it.  

Hygiene and Environment 

These topics are characterised by several questions which are still not answered sufficiently. 
Nevertheless, these questions are most important in the context of the political acceptance of 
the considered concepts. The hygienic constraints and requirements in the context of the 
Austrian guidelines will be analysed. Further, the available information dealing with micro-
pollutants and hormones in the urine and composts will be analysed in the context of the 
relevant Austrian guidelines and laws. 

Decision support system 
An expert DSS shall be develope d. 
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Abstract 

The investigated water management concept based on the decentral treatment of domestic 
waste water in a constructed wetland, the re-use of the treated waste water and rainwater 
utilization. The service water obtained is used in the house for flushing toilets and for irrigating 
the garden. 

These investigations were made to achieve a diploma theses. The aim was to test the 
applicability of the system with a main focus on the quality of the service water. The work was 
carried out in two steps: First the temporal development of concentrations of water constituents 
after starting the water recycling were estimated mathematically. The theoretical simulation was 
based on hydraulic flows and concentrations of waste and rain water constituents which wer e 
measured before starting the operation of the system. The second step of the study focused on 
the monitoring of the run in period of the system.  

Referring to the results obtained from the mathematical simulation and the monitoring period the 
system is applicable in principle. According to the short time of the investigations no clear state -
ment can be given concerning the long-term behaviour of the system.  

In spite of the applicability of the system still some improvements have to be reached: Under 
present conditions the waste water treatment in the constructed wetland leads to an 
accumulation of CO2 above carbon balance and thus to corrosive effects on installations. The 
organic load of the service water is about four time higher than recommended for dome stic 
service waters. 

The water management system 

The water management system at the “Kulturfabrik Mittelherwigsdorf” consists of a digester and 
a constructed wetland for waste water treatment, a system to collect rainwater from the roof of 
the house, a pond for storing, mixing and polishing of the obtained service water and a 
secondary pipe system for the recycling of service water into the house. In figure 1 a scheme of 
the system is shown. 

At first raw sewage is pre-treated by filtration. Separated solid matter is collected in a digester. 
The digester consists of two chambers, alternately delivered with waste water. After this 
physical pre-treatment the waste water is treated biologically in the constructed wetland.  

This wetland consists of two soil filters with vertical flow, overgrown with reed. After passing the 
reed beds the cleaned waste water is pumped into a storage pond. The rainwater coming from 
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the buildings roof is fed into this pond as well. The service water is pumped from the storage 
pond to the flushing tanks in the house. 

Figure 1: Scheme of the water management system at “Kulturfabrik Mittelherwigsdorf”  

Modelling of the temporal development of concentrations of water constituents  

In the first step of this investigation the temporal development of concentrations of water 
constituents in the service water were mathematically simulated. Therefore the data of 
concentrations and amounts of hydraulic flows were collected and measured before starting the 
operation of the recycling system. Water samples were taken at three points: at the in- and the 
outlet of the constructed wetland and at the storage pond. The amounts of the hydraulic flows 
were estimated from tap water consumption data, statistical elevation of the water consumption 
in German households (Förstner, 1995) and the long-time meteorological data of this region 
(Peschke et al., 2001). 

For the calculation of the various constituent concentrations, different behaviour of these water 
constituents in the constructed wetland were presupposed which lead to different calculating 
methods. Parameters corresponding to the organic load of the treatment plant, i.e. BOD and 
COD an elimination to the same low level as before the waste water recycling was supposed.  
This supposition was based on the fact that the constructed wetland was originally designed for 
35 persons whereas the influent load corresponds to only 12 persons. For inorganic nutrients 
and salts no surplus elimination in the reed beds was supposed, as these compounds were 
eliminated to a limited level even before installation of the water recycling. This supposition 
resulted in elevated effluent concentrations of inorganic nutrients and salts by the gradual 
accumulation of these compounds in the system.  

As to be seen in fig. 2 the concentration of the organic matter in the service water will not be 
changed by the water circuit and the linked surplus load of the constructed wetland. The 
estimated concentration of BOD5 will be 12 up to 15 mg/l O2. The estimated concentration of 
COD will be 16 up to 19 mg/l O2. 

The concentration of nitrate and of phosphate will increase considerable. In figure 2 the graphs 
of both nitrate and phosphate concentration are showing a plateau after October. By October 
the constituents concentration will change only by the different input volume of rainwater. The 
highest plateau concentration of nitrate will be 44 mg/l. The highest concentration of phosphate 
will be 6,6 mg/l. 

Monitoring of the run in period of the circuit  

The water management system has been started on May 25th 2002. Water samples were taken 
weekly at the in- and outlet of the constructed wetland, at the storage pond and at a flushing 
tank in the house.  

 

ra inwater 
c leaned waste water 

serv ice water 

Digester 

Const ruc ted Wet land  

Storage Pond  



2nd international symposium on ecological sanitation, april 2003 

Kluttig 361 

S
es

si
o

n
 C

 

Figure 2: Simulated constituent concentrations in the service water 

Measured concentrations of BOD5, COD, Nitrate and Phosphate 

At the run in period of the circuit a BOD5 concentration between 12 and 25 mg/l O2 was 
measured in the service water. The COD concentration was between 18 and 28 mg/l O2. So the 
measured concentrations of organic constituents were higher than those calculated.  

The measured concentration of nitrate sank from 15,3 mg/l at May 29 th down to 1,3 mg/l at June 
26th and 4,1 mg/l at July 10th. The measured concentrations were about one magnitude lower 
than those calculated. The measured concentrations of phosphate were between 1,1 mg/l at 
May 29th and 0,3 mg/l at July 10th. Again the measured concentrations were lower than those 
calculated and reached about 1/3 of the calculated ones. 

Investigation of the carbonate balance in the service water 

To test the carbonate balance in the service water the acid and alkaline capacity of the service 
water were determined and the concentration of Ca, Mg and sulphate were measured (DIN 
38407-H7; DIN 38404-C10). In order to test an eventual corrosion the concentrations of Cu, Ni, 
Zn and other heavy metals were analysed as well.  

Calculating the carbonate balance resulted in negative saturation index (pH) for every tested 
sample, thus indicating that the water is aggressive and corrosive (Kölle, 2001).  

The data obtained from analysing the concentration of Cu, Ni and Zn confirmed the corrosivity 
of the service water. Figure 3 shows the mobilisation of this metals on the example of Ni. The 
increasing of concentration between the pond and the flushing tank was 109,6 µg/l Ni, 51 µg/l 
Cu and 49,4 µg/l Zn on average. 

Discussion and conclusions 

The monitoring of the run in period of the system showed differences between the estimated 
and the measured concentrations for organic load and inorganic nutrients in the  service water. 
The higher concentration of organic compounds, reflected by BOD and COD could be explained 
by the not finished process of system adaption to the higher load. It can be supposed that calcu-
lated concentrations will be reached when adaption is completed. A clear statement concerning 
storability of the service water is not possible before these conditions are reached. At present 
the organic load of the service water is about four time higher than recommended for domestic 
service waters (Sen Bau Wohnen, 1995). 

Simulated concentrations
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Figure 3: Ni-Concentration in the storage pond and the flushing tank 

As biological processes were not regarded in the estimations, the higher elimination rates for 
inorganic nutrients could be effected by the nutrient intake by plants and microorganisms in the 
summer months, during which the monitoring was carried out (Wissing and Hofmann, 2002).  
A major problem of the system under present conditions is the corrosivity of the service water, 
which would result in pipe leakage in few months i f no countermeasures are taken. An 
appropriate method would be the dosage of chalk into the service water in order to reach 
carbon balance. 

Running the water management system which is installed since the summer 2002 makes sure 
that no waste water leaves the area of the “Kulturfabrik”. Solid matter collected in the pre-filter is 
used as humus in the garden after aerobic stabilization. A reduction of drinking water 
consumption of about 1/3 was achieved by water recycling and rainwater utilization. These 
effects are reached with few and simple technical equipment and therefore investment and 
operating costs are low. Furthermore only little maintenance is necessary and no special 
education is required, i.e. after a short training it can be done by nearly everybody. 
Practical experience with the outlined water management system is limited to a six months 
operating period so far. Referring to the results obtained the water management concept is 
applicable in principle. In case further investigations will show a lo ng-term stability of the 
system, it will be useable due to its benefits not only in Germany but especially in developing 
and fast-developing countries. 
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