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B.1 Double-vault dehydration toilets with urine-diversion 
 

 
 

 

B.1.1 Functional principles 

Two alternating vaults 

Faeces are collected in two vaults be-
neath the toilet seat or squatting pan, 
where they are dried. A ventilation pipe 
connected to the vault helps reduce 
odours and enhances the drying proc-
ess. The urine is diverted by a funnel or 
specially designed squatting pans or toi-
let seats. Anal cleansing water may be 
diverted through a separate funnel.  

Vaults are used alternately with only 
one vault in use at any time, until it is 
almost full. Ashes, lime or a bulking 
agent should be added after defecation 
to maintain high alkalinity and absorb 
humidity. When this first vault is filled, 
the defecation hole is sealed and the 
toilet bowl is transferred to the second 
vault.  

The second vault is now active while the 
first is passive or “maturing”. When the 
second vault fills, the dried material can 
be removed from the first. The product 
has a sandy appearance and is gener-
ally smell free. 

Hygienisation through heat and high 
pH 

Within the chamber, the moisture con-
tent is reduced to about 25% and tem-
perature can rise to up to 50 °C. This 
enhances pathogen destruction. Patho-
gen destruction is further enhanced by 
addition of alkaline material, such as 
lime or ashes.  

B.1.2 Handling and mainte-
nance 

Addition of adsorbents 

When one of the chambers is in use, 
the other is sealed. After each use, dry 
absorbents (sawdust, peat moss, dry 

02 Dehydration toilets 

B1 Double-vault dehydration toilets with 
urine-diversion  

• Waterless toilet systems 

• Treat excreta through the  creating dry conditions, in-
creasing pH, ventilation and addition of dry absor-
bents 

• Produce a material easy and safe to handle 

• Allow use of faeces and urine as fertilizer soil condi-
tioner 

• Suitable for most climatic conditions, best in dry 
and/or hot climates 
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Figure 1:  Scheme of a double-vault dehydration toilet with urine separation: two 
collection chambers, covered by a concrete slab with two drop holes 
than can be sealed; urine is diverted through a shallow pit in the 
concrete towards a jar. (Reed, Well - technical briefs) 
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soil, ashes, etc.) are sprinkled over the 
faeces to absorb moisture, increase pH, 
curtail bad odours and insects. Gener-
ally, after each use, people sprinkle one 
to two bowls of ashes over the faeces, 
but the exact amount depends primarily 
on users experience with their own sys-
tem. The floor of the chamber can be 
sprinkled with powdered earth before 
first time use in order to absorb mois-
ture from the faeces and to prevent 
them from sticking to the floor.  

Removal of dry solids and urine 

The first vault can be used for at least 6 

months, depending on the vault’s vol-
ume. When it is full the vault is sealed. 
All openings are tightly closed, e.g. with 
lime mortar or clay. The other vault now 
comes into use instead. When the sec-
ond vault is nearly full, the first vault has 
to be emptied. The dehydrated faeces, 
now odourless, can be reused as a soil 
conditioner. Further storage or co-
composting with other organic materials 
is recommended to increase hygienic 
safety.  

Urine drains away (e.g. through a 
groove in the slab) and collects in a 
container behind the toilet, or in a larger 

storage tank. Paper used 
for anal cleaning can be 
dropped in the hole for 
excreta or collected 
separately in box or jar 
and burnt.  

B.1.3 Extent of ap-
plication  

The urine-diversion dou-
ble-vault toilet originated 
from the model of the 
Vietnamese dry toilet, 
consisting of two cham-
bers built above the 
ground with a drop hole 
for squatting while defe-
cating (see Fig. 2 in 
chapter 02 B.2). This toi-
let type has been devel-
oped in the 1960s to in-
crease hygienic safety of 
the traditional use of ex-
creta in agriculture. 

Modifications of this de-
sign have been adapted 
in several countries, 
such as   vent pipes to 
reduce odour and facili-
tate dry conditions, or toi-
let seats within the 
house. 

A modified version of the 
Vietnamese double-vault 
dry toilet with toilet seats 
instead of squatting pans 
is promoted by the Mexi-
can NGO, Espacio de 
Salud AC (ESAC). Fur-
thermore, the design has 
also been adapted for 
use within houses (see 
Fig. 4 in chapter 02 B.1). 
It has been reported from 
ESAC that this toilet has 
been successfully built in 
communities in a variety 
of climates from humid 
and temperate to dry and 
tropical. 

Another adaptation of the Vietnamese 
model was found in Guatemala, in 
which the design is similar to the one in 
Mexico. The so-called double vault dry 
alkaline fertilizer family (DAFF) latrine 
was introduced by the Centro Meso-
americano de Estudios sobre Tecnolo-
gia Apropiada (CEMAT) in Guatemala.  

In China, prefabricated squatting pans 
for dry toilet systems with urine diver-
sion have been developed and are pro-
duced at a very low price. These pans  
replace the drop holes normally used in 
squatting slab. The squatting pan will 
increase the durability of the system 
since it can prevent a collapse of the 
structure. It also enhances prestige 
status of the system. The design in 
China is also applied within houses. 

In Kerala, India, water used for anal 
cleaning is diverted into an evapotran-
spiration bed next to the toilet. The bed 
requires little maintenance, only cutting 
the excessive growth plant. Urine is di-
verted separately (see Fig. 2 in chapter 
02 B.1).  

Today, the double-vault model with 
urine diversion is worldwide the most 
commonly applied and promoted type of 
dehydration toilet. 

B.1.4 Strengths and weak-
nesses 

Health and environmental impact  

A double-vault dehydration toilet can 
transform infectious faeces into a safe 
product, if storage times are respected 
and if alkaline materials are added (see 
box 1). 

Of particular hygienic importance is the 
alternating system of the double vault 
toilet, as it avoids any direct contact be-
tween users and fresh faeces and pro-
vides at least a 6 month period, during 
which the effects of time, temperature 
and pH can act on pathogens. There-
fore, a double vault dehydration toilet is 
considerably safer than any single-vault 
system.  

Due to the urine diversion, drainage of 
liquids can be avoided and pathogens 
and nutrients be confined to the cham-
bers. Systems where urine or washing 
water is mixed with faeces always pro-
duce contaminated liquids that are diffi-
cult to retain. Dehydration toilets with 
urine diversion therefore are generally 
safer and more environmentally friendly 
than dehydration or composting toilets 
without urine and washing water diver-
sion, and much better than pit and VIP 
latrines that frequently cause groundwa-
ter pollution.  

Figure 2:  Above: In-door dehydration toilet in Mexico, both 
chambers are accesible from outside the house 
(Easrey, 1998). Below: Double-vault toilet, Kerala 
type: the anal cleansing water is diverted into a 
small constructed wetland (Esrey, 1998, Calvert, 
P., 1997) 
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Box 1: Suggested alternative recommendations for primary treatment of dry faeces before 
use at household level. No addition of new material. (Schönning and Stenström, 
2004) 

Treatment Criteria Comment 

Storage (only treatment) 
at ambient temperature 
2-20°C 

1,5-2 years Will eliminate most bacterial pathogens, 
substantially reduce viruses, protozoa 
and parasites, some soil-b ova may per-
sist 

Storage (only treatment) 
at 20-35°C 

>1 year As above 

Storage and alkaline 
treatment 

pH >9 during 
> 6 months 

Temperature <35°, moisture content 
>25° or lower pH will prolong the time 
for absolute elimination 

  

The main health and environmental 
risks from a double vault dehydration 
toilet with urine diversion results from 
poor maintenance. If the alternating 
rhythm of chamber use and necessary 
storage time is not respected, safety of 
content cannot be guaranteed and peo-
ple may manipulate infectious matter; if 
liquids enter the chamber, the drying 
process will be impaired and germs may 
be spread through leakage of liquids. 
Poor design and neglect of adding dry 
and alkaline adsorbents also decreases 
safety. 

Costs and benefits  

Construction of a dehydration toilet can 
in most cases be done with locally 
available materials and labour. Prefabri-
cated parts may include toilet seats or 
squatting pans. If those parts don’t need 
to be imported from abroad, they are 
usually cheap and can be even cheaper 
than self constructed squatting pans 
made from cement. 

Double-vault dehydration toilets have 
similar construction cosst as a VIP or pit 
latrine, in the long term they are even 
cheaper because its life-time is consid-
erably longer. Dehydration toilets with 

one chamber and without urine diver-
sion also have similar costs, as savings 
for the omission of the urine diversion 
and a second chamber are off-set by 
the costs for the drainage of the cham-
ber. 

Economic benefits for the user arise 
mainly from increased yields of garden 
and field crops, when products from the 
dehydration toilets are regularly applied 
as fertilizer. In a denser settlement 
where direct use is not possible, the di-
rect economic benefits come from the 
fact that households have a permanent 
toilet system that can be emptied 
quickly and cheaply, without the aid of 
vacuum trucks. In the long-term this can 
represent a significant saving for 
households over the use of pit or VIP la-
trines, or even over conventional flush 
toilets. 

Benefits to the community arise from 
improved health and environmental pro-
tection through clean sanitation facilities 
and the elimination of groundwater pol-
lution. The burden of disease in a com-
munity can therefore be reduced. Addi-
tionally, increased food production in 
poor communities through better avail-
ability of fertilizers improves food secu-

rity and nutrition.  

Socio-cultural suitability  

In terms of cost, comfort, hygiene and 
perceived status dehydration toilets with 
urine diversion can be equal or superior 
to pit and VIP latrines and composting 
toilets. They are therefore very well ac-
cepted in many situations. 

However, the regular maintenance 
needed may lead to acceptance prob-
lems. The handling of dried faeces and 
urine may prove problemativ in some 
circumstances. 

Experience shows that acceptance is 
highest where there is a strong interest 
in th use of the nutrients in excreta and 
in saving water.   

In situations where flush toilets con-
nected to septic tanks or sewers are 
technically and economically feasibly, 
dehydration toilets mayl be more difficult 
for users to accept, as they are often 
perceived as inferior in status, comfort 
and hygiene. In such situations, infor-
mation on the beneficial aspects of dry 
systems and reuse is extremely impor-
tant to change common perceptions. 

As the long-term success of dehydration 
toilets depends much on proper opera-
tion and maintenance, intensive and 
long-lasting information and awareness 
campaigns are essential when introduc-
ing dehydration toilets as a new sanita-
tion technology. 

Technical suitability  

The system transforms faeces into a 
product with reduced moisture content, 
reduced smell and significantly reduced 
pathogen content. The product is easy 
to handle and suitable for use in agricul-
ture. 

Compared to non-urine diversion toilets, 

Figure 3:  Right: Lids for accessing the collection chambers of a dehydration toilet in Mali, the lids are inclined and paint in black to 
increase solar heating (GTZ,2002). Left: Prefabricated squatting pan with urine diversion that can be turned when one 
chamber is full. Indoor double-vault dehydration toilet in China (Sandec, 2002).  
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efficient dehydration is easier to achieve 
as no excess moisture from urine is 
present in the chamber. No drainage of 
the chamber is necessary and no leach-
ing liquids need be handled 

The system is simple and can be con-
structed even by users themselves. Op-
eration and maintenance is fairly simple, 
but a certain commitment is required.  

Its life-time is unlimited, unlike a pit or 
VIP latrine which has to be shifted after 
a few years when the pit is full. 

It can be applied in various conditions, 
inside or outside buildings and regard-
less of topographical or sub-soil condi-
tions. The functioning of the dehydration 
process may be limited only in very hu-
mid and cool climates. In most climates 
and altitudes, the system will work per-
fectly well. 

B.1.5 Economic data 

Investment costs for a dehydration toilet 
with urine separation varies largely, de-
pending on location and materials used. 
A functioning and comfortable toilet unit 
can be built as cheap as 30 Euro, if lo-
cal labour and materials can be used. 

Maintenance costs are very low. Bulking 
material, such as ashes or sawdust, is 
in most cases available for free. Some 
working time is necessary throughout 
the year for providing additives, toilet 
cleaning and inspecting chambers. The 
required working time will not exceed a 
few hours per month. At most twice a 
year, a collection chamber may need to 
be emptied, requiring another couple of 
hours of work. 

In most cases, the dehydration toilets 
even provides economical benefits 
through reuse of faeces and urine, re-
placing costly mineral fertilisers. 

B.1.6 Design information 

The chamber volume should be large 
enough to store faeces for at the very 
least 6 months. The volume will there-
fore depend upon the number of users. 

The toilet should be built entirely above 
ground to allow easy access to the col-
lection chambers. Those should be 
placed on a solid floor of concrete, 
bricks or clay, elevated around 10 cm 
above ground level, so as to avoid 
flooding in rain. 

The chambers have to be individually 
accessible through access hatches or 
doors. To increase the solar heating ef-
fect, these lids can be of metal, inclined 
and facing the sun, and painted black. 

The processing chambers are covered 
with a slab (for squatting or with a toilet 
pedestal) that has two drop holes. For 
squatters, prefabricated elements with 
holes for a separate outlets of urine and 
faeces may be more convenient. These 
elements can be produced from plas-
tics, porcelain or concrete. The most 
elegant arrangement allows the toilet 
element to be moved, when the cham-
ber in use alternates (see Fig. 3 in 
chapter 02 B.1). 

The superstructure can be built from 
any material, depending on the users 
preference and local availability. 

Important for the function and comfort of 
a dehydration toilet is the ventilation 
system. This consists basically of a pipe 
that leads from the collection chamber 
to the outside and ends well above the 
toilet roof. The wind can then draw 
moist air and odours from the chamber 
through the pipe. The pipe outlet should 
be sealed with a mesh to trap flies. The 
ventilation effect can be using a T-
shaped attachement at the top of the 
pipe, or by a wind-propelled or electric 
fan.  

 

Figure 4: Construction of the double – vault 
structure, Nepal (ENPHO,Nepal) 

For the water from anal cleansing, a 
third outlet may be necessary. Anal 

cleansing water should be handled very 
carefully. A good way of treatment and 
use of this water is to divert it into a 
small constructed wetland just attached 
to the toilet. The water should be ap-
plied under the surface to a soil-sand fil-
ter. The filter can be planted with grass 
or crops. 

B.1.7 Good practice examples 

The largest application of dehydration 
toilets project worldwide is located in 
Guangxi province, China, where pilot 
developments are now transferred into 
large scale application. To date, almost 
700.000 urine diverting dehydration toi-
lets have been built.  

Contact: Dr. Lin Jiang, Nanning, 
jsgx@public.nn.gx.cn 

In Vietnam, besides widespread use of 
traditional double-vault dehydration toi-
let throughout the rural areas of north-
ern Vietnam, there is one demonstration 
project in the Cam Duc Commune, Can 
Ranh District, about 30 km south of Nha 
Trang, Vietnam. Several double-vault 
toilets in various types  were built 
(Nghien, 2000).  

Contact: Nha Trang Pasteur Institute, 
Director: Dr. Bui Trong Chien, 
chienpasteur@dng.vnn.vn  

In the city of San Juan Amecac, Puebla 
State, Mexico, over 50 dry toilets are 
now installed in-doors. They were re-
ported as functioning well and without 
smell or flies and users seem aware of 
the importance of correct usage and 
maintenance.  

Contact: George Anna Clark, ESAC,  
esac@laneta.apc.org 

In El Salvador, the so-called DAFF toi-
let), has been installed in such high 
density urban squatter areas as Her-
mosa Provincia, in the centre of San 
Salvador. 

Contact: cemat@intelnet.net.gt 
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Box 2: Examples of investment costs for 
double-vault dehydration toilets 

Type, location, source Euro 

Toilet seat with urine diversion, 
polished concrete (Easrey, 
1998) 

15 

Complete freestanding unit, 
Mexico (Easrey, 1998) 

140 

Complete freestanding unit, 
traditional type, Vietnam, 
(Nghien, 2000) 

65 

Complete freestanding unit, 
Kerala (Easrey, 1998) 

90 

Prefabricated squatting pan 
with urine diversion, plastic, 
China (Sandec, 2002) 

8 

Complete in-house unit, China 
(Sandec, 2002) 

30 
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