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Abstract 
The paper discusses "the next generation toilet" in the context of global realities: Most 
people in the world have no toilet and those who have often rely on toilets and toilet 
systems that are expensive, waste water and pollute the environment. – "Ecological 
sanitation" offers a safe sanitation solution that prevents disease and promotes health, is 
environmentally sound as it saves water, does not contaminate, and creates a valuable 
resource that can be productively recycled back into the environment. – A possible next 
generation toilet system is demonstrated with three urban examples: a low income, low 
density community in Africa, a low/middle income, high density community in Asia, and a 
high income, high density community in Europe. – The conclusion is that to enable us to 
solve the global sanitation crisis we should base the next generation toilet systems on a 
holistic approach to the management of human excreta. 
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Introduction 
Most people in the world do not have any toilets, or – if they are lucky – they may have a 
"river toilet" like this man in Yogyakarta, Indonesia: 
  
International statistics(WHO and Unicef 2000) indicates that 2,4 billion people in the world 
today are without any form of "improved sanitation" (defined by WHO as a pit toilet, a 
pour-flush toilet or a WC connected to a public sewer or a septic tank). The real situation is 
even worse: the statistics include toilets that are so bad, or shared by so many people that it 
cannot be regarded as "improved sanitation". 
 
About 1 billion of the 6 billion people in the world are served by sewerage systems but 
much of this sewerage is discharged into rivers, lakes and the sea with little or no treatment:  
Only about 300 million people have their sewage treated in an environmentally acceptable 
way (Matsui 2002). The excreta from the remaining 5.7 billion people are discharged 
directly into the environment. 
 
In this paper I shall discuss the next generation toilet – or the next generation toilet system 
rather – in the context of three urban situations: a low income, low density community in 
Africa, a low/middle income, high density community in Asia, and a high income, high 



density community in Europe. But first I want to introduce the concept of "ecological 
sanitation". 
 
Ecological sanitation 
Our current approaches to sanitation are based on the notion of human excreta as "waste" – 
something we must get rid of because it is smelly and potentially dangerous. With this 
approach we pollute our environment, and we fail to provide toilets for more than half the 
population of the world. We also miss opportunities for job creation and poverty 
alleviation. If we instead apply a systems approach to our thinking we can turn what we 
now regard as waste into resources that can create jobs and revitalize agriculture. This 
systems approach is what I call ecological sanitation. 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
    
  
 
               Figure 1  – Closing the loopfield–food–excreta–fertilizer–field 
Ecological sanitation is a system that collects and safely reuses human excreta for 
agriculture with a view toward saving water and preventing water pollution. Such systems 
are used in a number of countries including China, Vietnam, India, South Africa, Germany, 
Sweden and Mexico.  
 
Ecological sanitation is based on three main principles: 
• It offers a safe sanitation solution that prevents disease and promotes health by 

successfully and hygienically removing pathogen-rich excreta from the immediate 
environment; 

• It is environmentally sound as it does not contaminate ground- or surface-water or use 
scarce water resources; 

• It creates a valuable resource that can be productively recycled back into the 
environment. Over time, through proper management and storage, excreta is 
transformed from a harmful product into a productive asset. 

 



In its practical application ecological sanitation is using four techniques: diversion, 
containment, sanitization and recycling. 
  
Diversion means that urine and faeces are collected separately in a specially designed toilet. 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
               Figure 2 – Urine diverting toilet with extra seat for children 
 
This is not as difficult as it sounds because urine and faeces come from different body 
openings and take off in separate directions. Urine is piped into one container or tank, 
faeces drop into another container. 
 
Containment means that human urine and faeces are stored separately in a secure device 
until safe for recycling: 
 
 Sanitization means that pathogenic organisms in faeces and urine are reduced to a 
harmelss level by primary treatment on-site. For faeces this is done by dehydration, pH 
increase and retention for 6-8 months. 
  
To increase the pH of the faeces the toilet user adds a handful or two of ash or lime to the 
pile each time. Most of the humidity of the fresh faeces is removed via a ventpipe. 
 
The treatment in the on-site processing chamber can be regarded as a primary treatment. 
  
For large-scale projects it is necessary to have a secondary treatment to ensure that the 
material is safe enough to be recycled as fertilizer.  
 
For urine it is normally sufficient with short-term retention in a closed container: 
  
Recycling means that the end products of the diversion-containment-sanitization process 
are returned to the topsoil where they can be utilized by plants. 
  



Human excreta is rich in nitrogen, phosphorus and potassium – essential nutrients for 
plants. Most of the fertilizer value is in the urine (Vinneras 2002). 
 
Three examples 
A WC is basically a machine for mixing faeces, urine, toilet paper and water. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
               Figure 3 – A machine for mixing faeces, urine, toilet paper and water 
 
This machine can be equipped with a number of accessories: heated seat, automatically 
raising seat,water for anal cleaning, warm air blower, bowl ventilation, automatic flush, and 
even music to mask the sounds made by the toilet user.  
  
The cost of such a toilet may exceed several thousand USD. – Some people may think that 
this is the toilet of the future. But in spite of the accessories it is basically the same old 
machine for mixing faeces, urine, paper and water. 
  
The WC, whatever its shape, is based on the idea of disposal – of flushing away and hiding 
or diluting something we do not want. For me the future generation of toilets is based on a 
systems approach to urban development. Faeces and urine are part of an ecological system 
including agricultural production, public health and environmental sustainability. Faeces 
and urine should therefore be recycled, like in ecological sanitation.The concept should also 
be extended to other recyclable organic products in the home and garden. The toilet of the 
future should thus form part of an ecological approach to managing the garden and home in 
a holistic way. Also greywater should be recycled in such a way that it can enhance the 
production of food (Morgan 2001). 
 
I shall show some examples of what the the next generation of toilets and toilet systems 
might look like for a large part of the world's population. 
 
Example Mozambique – 
a low income, low density, rural/periurban community 
  



Niassa Province is the most sparsely populated part of Moçambique, bordering Malawi, 
Tanzania and the Mozambican provinces of Nampula, Zambézia and Cabo Delgado. The 
Province is characterised by poor infrastructure, a weak cash-based agricultural economy, 
and political and social isolation. – In this area ecological sanitation has been introduced 
with considerable success by a major British NGO, WaterAid, in co-operation with a local 
NGO, ESTAMOS. 
 
Part of the ecological sanitation project has been in the town of Lichinga in the 
northwestern part of Niassa Province.  The town has approximately 85,000 inhabitants. A 
piped water supply system serves a small numbers of families in part of the town. Water-
borne sanitation, where it exists, is limited to septic tanks. The Municipality does not have 
the capacity to desludge septic tanks and private sector desludging capacity is hard to find 
(Breslin 2003). 
 
A recent study by ESTAMOS (2001) found that 93% of families interviewed have toilets in 
their yards, usually traditional pit toilets 4-5 metres deep. Many of the household wells are 
contaminated by the toilets. 
 
Lichinga has many of the characteristics that are common to small towns throughout the 
developing world. Infrastructure is poor and unable to meet the needs of the local residents.  
Families live close to one another, and water and sanitation problems are acute. Economies 
are weak and still dependent on agriculture, and government plans to address infrastructure 
needs await willing donors who do not arrive. In this situation flush toilets make little 
sense, but ecological sanitation does. When people in Lichinga were given a range of 
options - choose between improved pit toilets and eco-toilets - people consistently prefered 
eco-toilets (Breslin 2003) . 
 
The toilets built in Lichinga and surrounding rural area are of two types: 
 
- Type FA consists of two permanent pits, each 1.3-1.5 m deep. The pits are partly lined 
(top 0.3 m), and one pit is covered with a moveable slab. Soil and ash are added after each 
use to facilitate the transformation of the faeces and urine into compost. Once the first pit 
fills, the slab is moved to the second pit and the first is covered with an additional layer of 
soil and left to compost. When the second pit is full, the contents of the first pit are 
removed to a secondary composting point or used directly as fertilizer. The slab is then 
returned to the first pit, and the process starts again. 
 
- Type AL consists of a slab-coverd, unlined pit, surrounded by a moveable superstructure. 
Soil-ash mixtures are included after each use to facilitate the transformation of the excreta. 
The slab is removed once the pit is 2/3 full and the pit is topped up with garden compost, 
kitchen wastes and/or soil. The contents are then watered down and a young tree is planted 
the following day. Trees currently being tested in AL-type pits in Niassa include guava, 
mango, orange and avocado as well as a range of local fruit trees. (Morgan 1999 and 2001)  
 
In both types dry soil is added to the toilet – at least an amount equal to the volume of the 
solid excreta just deposited. The added soil absorbs, converts, purifies and otherwise 



hastens the conversion of the foul and dangerous excreta into a humus, pleasant to handle 
and safe and rich in nutrients. 
 
Traditional pit toilets in Niassa have offensive odours and are full of flies. Many also house 
mosquitoes. Properly managed FA- and AL-type toilets have no flies and no odours. A 
great advantage of the FA-type is that it is a permanent solution – no need to dig new deep 
pits. The total cost of an FA-type in Niassa Province is about USD 25 (Breslin 2003). 
 
Current studies in neighbouring Zimbabwe indicate a high level of pathogen destruction in 
FA- and AL-type toilets (Morgan 2003). Such studies have not yet been carried out in 
Niassa Province in Mozambique but our hypothesis is that all pathogenic organisms will 
die-off within a year. The studies in Zimbabwe also show the positive effects of using 
human urine as a fertilizer (Morgan 2002). 
 
The importance of the Mozambique example is that it shows that it is possible to provide 
affordable ecological toilets even to a population that is amongs the poorest we can find 
anywhere and that these toilets are accepted and are used correctly.  
 
To reach the target set by the World Summit on Sustainable Development in Johannesburg 
last year –"to halve the proportion of people without basic sanitation by the year 2015" – 
this is the kind of solutions we need to apply on a large scale. 
 
Example China – 
a low-medium income, high density urban community 
   
Dongsheng is a medium-sized town in Inner Mongolia, China. The population of the urban 
area is about 230,000, expected to reach 400,000 witin 10 years. The town is at an altitude 
of 1,400 m, winters are cold, summers are hot and the rainfall is low. The per capita annual 
income of the urban residents is RMB 6,900 (about USD 840). The town is short of water 
and households are at present supplied intermittently, three times per day. Most of the 
town's 60,000 households live in low-rise buildings of the north China courtyard type. 
About 20,000 households have flush toilets connected to municipal sewer or on-site septic 
tank. The remaining 40,000 households use the towns 280 public toilets, most of them pit 
toilets covered with a crude concrete slab. 
 
A project providing ecological sanitation to a neighbourhood of about 1,000 households is 
currently under way. The project is based on similar projects for rural communities carried 
out in southern China 1997-2000. Already about 300,000 households in China have eco-
toilets of this type (see slide): urine-diverting, dry, double-vault toilets. It has a specially 
designed squatting pan or seat-riser that collects urine and faeces separately, dries and 
sanitizes the faeces further and makes them safely available to agriculture. Faeces are 
dropped into a processing chamber located below the toilet. There is no flush, but each user 
is adding a handful or two of ash, lime or sawdust to increase dryness and raise the pH. 
Urine is collected in a separate container and can, concentrated or diluted with water, be 
used as a fertilizer as described above. 
 



Experience shows that these types of toilets, properly managed, do not smell or produce 
flies, and that they can be installed inside homes in both rural and urban areas. The toilet 
rooms in the projects mentioned above are usually combined with bathing facilities and are 
tiled and outfitted like the most modern bathrooms. The average construction cost of the 
toilet rooms built in southern China and illustrated here is no more than RMB 500 (about 
USD 60). This includes the cost of  a prefabricated squatting pan for urine diversion. 
 
Similar types of toilets will now be used in the multi-storey blocks of flats to be built in 
Dongsheng. The toilet system will be designed for communal collection of urine and faeces 
and the products will be taken to an eco-station for secondary processing. 
 
When we introduce non-sewered toilet systems we must find a cost-effective way of 
handling greywater. This can be quite a challenge in Dongsheng where winters are cold 
and, due to the lack of snow cover, the ground may freeze down to a depths of 1.5 m. In our 
current project we are going to test a couple of methods: one based on filtration and 
infiltration to the groundwater , another one based on greywater treatment in artificial 
wetlands. 
 
In the Dongsheng projects we are goning to manage four separate flows: urine, faeces, 
greywater and biodegradable solid waste. The processing of each flow will take place at a 
neighbourhood recycling station, "eco-station", (Esrey 1998).  
 
The conditions in Dongsheng, with 40,000 households sharing 280 public toilets, are not 
unusual in northern China. That part of the country also suffers from a great shortage of 
water. For such conditions the ecological sanitation offers the possibility of a new 
generation of toilets that represents a vast increase in standards of privacy, convenience and 
hygiene at a cost that is affordable for most households.  
 
Example Europe – 
a high income, high density urban community. 
 
Most ecological sanitation systems established so far have been designed for low- and mid-
income communities in developing countries. But the basic principles behind ecological 
sanitation – no water, no pollution, no infection and no waste – can be applied also in high-
income communities and in rich countries. Several such projects have been implemented in 
Sweden and in Germany and more are under way. 
 
A well-tested example is the "Ekoporten" building in the city of Norrkoping in Sweden. 
The building was originally constructed in 1967 and was a  fairly typical apartment block 
for this period, owned by the local municipal housing corporation. In 1996 the building was 
totally renovated in a project aimed at testing new technical solutions for an ecological life-
style. The new toilet system is based on urine diversion, a small flush for removing faeces, 
separation of solids and liquids, and on-site treatment in composting chambers. It is a high 
standard system based on simple and tested technologies. 
 



Urine is stored in big tanks and later used as fertilizer by local farmers. The faeces are 
composted in an automatic composting device together with paper-, kitchen- and 
gardenwaste. The final compost is used by the tenants in vegetable and flower cultivation. 
 
In a simple device the flush is separated into liquids and solids. The liquid stream is 
disinfected by ultraviolet radiation. The sanitized flush water is then together with the 
greywater brought first to a three-chamber-tank and then to an artificial wetland before 
being discharged in a local stream. The building is not connected to the city's sewers. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
               Figure 4 – Separation of liquids and solids 
 
The building has been evaluated by a multi-disciplinary group of researchers (Welsh 
School of Architecture, no year). The study measured all kinds of flows and interviewed 
tenants and administrators. Water consumption in the households has been 44% lower than 
in conventional apartments, although the measurements show a considerable variation 
between the households. The studies also show that the composting of kitchen refuse and 
faeces in the automatic composting device works as intended. During the first few years 
considerable effort had to be spent on making all the complicated equipment (including 
computerized monitoring of major flows) work properly. Now, however, the building is in 
normal operation and performs as intended.  
 
Another example is at Kalmar University on the Baltic coast in southern Sweden. Here staff 
and students of the Science Faculty have been testing a system based on urine-diverting 
toilets, a small flush, separation of solids and liquids, and on-site treatment in composting 
chambers placed on a basement floor. It is a high standard system based on simple and 
tested technologies. 
 
In Germany we have an example of ecological sanitation using what we in this context can 
call "high-tech" solutions: an integrated sanitation concept with vacuum toilets, vacuum 
blackwater sewers and a biogas plant for blackwater and biowaste. It is the settlement of 



"Flintenbreite" in the city of Lubeck on the Baltic coast. The settlement has 350 inhabitants 
on a 3.5 ha plot and is a pilot project to demonstrate an example of sustainable sanitation in 
urban areas. (Otterpohl 2003) 
 
The system consists of  treatment systems for three streams: blackwater and organic kitchen 
waste, greywater and stormwater. It involves vacuum toilets and vacuum blackwater 
transport, anaerobic treatment with co-treatment of solid biowaste in a biogas-plant and 
recycling of liquid fertilizer in agriculture. Biogas is used for combined heat and power 
generation in combination with natural gas. Decentralised treatment of greywater takes 
place in constructed wetlands (bio-sandfilters). Stormwater is partly collected for reuse, 
swales take care of retention and infiltration. – The project has been implemented by the 
Lubeck City Council. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
               Figure 5 – The vacuum-biogas system in Lubeck-Flintenbreite 
 
The cost level of the project is similar to that of conventional systems in the region. Savings 
are made because there is no need for a central sewerage system, less water is consumption 
and the construction of all pipes and lines coordinated (vacuum sewers, local heat and 
power distribution, water supply, phone- and TV-lines). The energy balance of this 
vacuum-biogas system is positive due to the productive use of the biogas and the 
substitution of industrial fertiliser. 
 
These examples from Europe show that ecological sanitation can provide a high standard of 
service also in modern, high-density urban development. The problem is rather closing the 
loop – how to bring the nutrients in human excreta back to the soil. 
 
Conclusion 
Restyling the conventional WC and adding electronically controlled accessories is not 
going to provide us with the kind of toilet that the world needs. The development of the 

 



next generation toilet must take into account the fact that most people in the world today 
have no toilet at all.  
 
This is not only a problem confined to rural Africa. It is very much an urban and Asian 
problem. A recently published report by UN-Habitat estimates the total number of slum 
dwellers in the world to 924 million, 60% of them in Asia. This means that one-third of the 
world’s 3 billion urban dwellers are already living in slums. The report estimates that the 
world’s slum population will double and reach 2 billion within 30 years. 
 
To solve these problems we must treat the toilet as a vital link in a large, life-supporting 
ecological system. 
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