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Summary
Rapid urbanisation in the developing 
world has increased the demand for 
housing, infrastructure and services. In 
the past, efforts to improve sanitation 
have tended to focus on ambitious mas-
ter plans requiring large investments in 
trunk sewerage and stormwater drain-
age systems. These master plans have 
not paid enough attention to financial and 
institutional constraints and have tended 
to ignore what sanitation users actual-
ly want and are willing and able to pay 
(GHK 2002, pp. 28). The limited infra-
structure provided is often inadequate, 
thus leading to a poor, deteriorating en-
vironment (Parkinson and Taylor 2003). 
This is especially true in informal areas 
built outside a formal regulatory bound-
ary where most poor communities live 
and work. “Official” facilities and servic-
es often extend only to the rich, leaving 
the underprivileged to provide for their 
own sanitation needs in a piecemeal and 
generally unsatisfactory manner (GHK 
2002, pp. 28).

Furthermore, access to a latrine or 
connection to a septic tank does not 
necessarily indicate adequate sanitation 

if faecal sludge management is not en-
sured or if the liquid effluent flows un-
treated into open drains, adjacent sur-
face water or groundwater. A system 
approach to environmental sanitation, 
which extends from the point of genera-
tion to the point of disposal/discharge or 
reuse – from cradle to grave – is urgent-
ly needed, both at the planning and im-
plementation level. (Sandec News No. 8, 
2007, pp. 2)

This module aims to define the main 
issues related to the lack of adequate 
sanitation in developing countries, to 
compare different technological ap-
proaches of sanitation management and 
to identify new strategies for reaching 
unserved communities. The main focus 
is placed on wastewater and excreta 
management, i. e. from their source to 
their final disposal or reuse (Figure 1). 
Faecal sludge management will be dealt 
with in a separate module. Due to rapid 
urbanisation and the urgent need for ad-
equate sanitation solutions in urban are-
as, this module is centred mainly on ur-
ban sanitation management. 

Not included in Module 4
Industrial and hospital wastewater 

treatment
Details on Faecal Sludge Management 

(see Module 5)
Details on all sanitation technologies 

(see Sanitation Compendium Sandec 
2008)  
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Figure 1: A wastewater and excreta manage-
ment approach extending from source to final 
disposal or reuse.
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1 – Definitions & objectives

1.1 How is “sanitation” defined and what are its objectives?

Sanitation is an intervention involving behaviour and facilities aiming at interrupting the disease cycle.
Sanitation should provide a safe and hygienic environment.
“Access to improved sanitation” is a measurable monitoring parameter based on the hygienic quality of sani-
tation technologies.

Ñ
Ñ
Ñ

Table 1: Classification of improved and unim-
proved sanitation options. Access to adequate 
sanitation facilities is based on the number of 
inhabitants using „improved sanitation“. (JMP, 
<www>)

Additional info
DFID Guidance Manual on Water Supply 

and Sanitation Programmes (1998); Lon-
don School of Hygiene & Tropical Medicine 
(LSHTM) and Water, Engineering and De-
velopment Centre (WEDC), Loughborough 
University, UK. www.lboro.ac.uk/well/re-
sources/Publications/guidance-manual/ 
(last accessed 01.04.08)

WHO/UNICEF Joint Monitoring Pro-
gramme for Water Supply and Sanitation 
(2004); Meeting the MDG drinking wa-
ter and sanitation target: a mid-term as-
sessment of progress. www.who.int/wa-
ter_sanitation_health/monitoring/jmp04.pdf 
(last accessed 01.04.08)

Downloads available from the Inter-
net and/or on the CD of Sandec’s Train-
ing Tool.

Ñ

Ñ

Further questions
What is the difference between sanita-

tion and environmental sanitation?

Against what environmental health 
threats can sanitation protect us? 

What other indicators could measure 
progress in global sanitation?

Ñ

Ñ

Ñ

Improved technologies: 

Connection to a public sewer

Connection to a septic system

Pour-flush latrine

Simple pit latrine

 Ventilated improved pit latrine (VIP)

Ñ

Ñ

Ñ

Ñ

Unimproved technologies:

Bucket latrines

Public latrines

Open latrines

Ñ

Ñ

Ñ

There are numerous definitions of sanita-
tion. In this document, the word sanita-
tion alone is taken to mean the safe man-
agement of human excreta. It therefore 
includes both the hardware (e. g. latrines 
and sewers) and the software (regula-
tion, hygiene promotion) needed to re-
duce faecal-oral disease transmission. 
It also encompasses the reuse and ulti-
mate disposal of human excreta. (DFID 
1998, pp. 4)

The term “environmental sanitation” 
is used to cover the wider concept of 
controlling all the factors in the physi-
cal environment, which may have del-
eterious impacts on human health and 
well-being. In developing countries, it 
normally includes drainage, solid waste 
management and vector control, in addi-
tion to the activities covered by the def-
inition of sanitation. (DFID 1998, Ch. 1, 
pp. 4) 

Objectives of sanitation systems
The first question is: Why do we need 
any sanitation facilities such as latrines, 
flush toilets, septic tanks etc? What con-
ditions must be fulfilled by a sanitation 
system?
A sanitation system must:

Protect and promote health – it 
should keep disease-carrying waste 
and insects away from people, both at 
the site of the toilet, in nearby homes 
and in the neighbouring environment.
Protect the environment – avoid air, 
soil, water pollution, return nutrients/
resources to the soil, and conserve 
water and energy. 

•

•

Be simple – the system must be oper-
ational with locally available resources 
(human and material). Where techni-
cal skills are limited, simple technolo-
gies should be favoured.
Be affordable – total costs (includ-
ing capital, operational, maintenance 
costs) must be within the users’ abil-
ity to pay.
Be culturally acceptable – it should 
be adapted to local customs, beliefs 
and desires.
Work for everyone – it should ad-
dress the health needs of children, 
adults, men, and women. 

“Access to basic” vs “access to  
improved” sanitation
The term “basic sanitation” includes the 
critical components of sanitation serv-
ices: privacy, dignity, cleanliness, and a 
healthy environment. From a monitor-
ing viewpoint, however, such character-
istics are difficult to measure. To resolve 
these issues, the Joint Monitoring Pro-
gram (JMP) of Unicef and WHO clas-
sifies sanitation facilities as either “im-

•

•

•

•

proved” or “unimproved”, as shown in 
Table 1. (Unicef, <www>)

It is important to bear in mind that the 
question is not whether urban dwellers 
have access to sanitation, but whether 
the quality of sanitation provided is ap-
propriate for all household members, af-
fordable and prevents contact to human 
excreta and wastewater within the home 
and wider neighbourhood. (UN-HABITAT 
2003)



�Sandec Training Tool: Module 4

2.1 What is the current state-of-the-art of global  
sanitation progress?

Despite great efforts, global sanitation coverage is not increasing.Ñ

Further questions
Where has sanitation coverage  

increased? Are there regional differences 
and why?

Can the Millennium Development Goals 
still be met?

Ñ

Ñ

In September 2000, 189 UN Member 
States adopted the Millennium Develop-
ment Goals (MDGs), setting clear, time-
bound targets towards achieving real 
progress in the most pressing develop-
ment needs. Meeting these targets will 
directly affect the lives and future pros-
pects of billions of people around the 
globe. It will also set the world on a pos-
itive course at the start of the 21st cen-
tury. 

Goal 7 aims at ensuring environmen-
tal sustainability: halve the number of 
people without sustainable access to 
safe drinking water and basic sani-
tation by 2015. (WHO/UNICEF 2004, 
pp. 5)

Global sanitation coverage rose from 
49 per cent in 1990 to 58 per cent in 
2002. Still, some 2.6 billion people – half 
of the developing world – live without im-
proved sanitation. Sanitation coverage 
in developing countries (49 %) amounts 
to only half of that of the developed 
world (98 %). Though major progress 
was made in South Asia from 1990 to 
2002, little more than a third of its pop-
ulation is currently using improved sani-
tation. In sub-Saharan Africa, coverage 
totals a mere 36 %. Over half of those 
without improved sanitation, i. e. almost 
1.5 billion people, live in China and India. 
(WHO&UNICEF 2004, pp. 12)

Based on current trends, the world 
will miss the sanitation target by more 
than half a billion people. To reach the 
sanitation target means providing servic-
es to an additional 450,000 people a day 
until 2015 or almost doubling the current 
efforts. (WaterAid, <www>, based on 
UNDP 2006)

The population without coverage will 
need to be reduced from 2.6 billion peo-
ple in 2002 to 1.9 billion in 2015, or a total 
decline of over 700 million people. Meet-
ing this target and reducing rural and ur-
ban disparities means providing sanita-
tion services to one billion new urban 
dwellers and almost 900 million people 
in rural areas where progress has been 
slower. (WHO&UNICEF 2004, pp. 17)

Figure 2: Percentage of the world population (by region) without improved sanitation in 2002. 
(WHO&UNICEF 2004, pp. 12)

Minimal water and sanitation funds 
India’s military budget is eight times and 
Pakistan’s 47 times greater than their 
funds allocated to water and sanitation.  
Diarrhoea claims some 450,000 lives every 
year in India − more than in any other  
country – and in Pakistan 118,000 lives a  
year are claimed. (WaterAid, <www>; 
based on UNDP 2006)

Figure 3: Progress in sanitation between 1990 and 2002. (WHO&UNICEF 2004, pp. 14)

Additional info
WHO/UNICEF Joint Monitoring  

Programme for Water Supply and  
Sanitation (2005); Water for life: making it 
happen. WHO and UNICEF, Geneva. www.
who.int/entity/water_sanitation_health/wa-
terforlife.pdf (last accessed 17.6.08)

WHO/UNICEF Joint Monitoring Pro-
gramme for Water Supply and Sanitation 
(2004); Meeting the MDG drinking wa-
ter and sanitation target: a mid-term as-
sessment of progress. www.who.int/wa-
ter_sanitation_health/monitoring/jmp04.pdf 
(last accessed 17.6.08)

Downloads available from the Inter-
net and/or on the CD of Sandec’s Train-
ing Tool.

Ñ

Ñ

Interrupt the negative cycle
Access to water and sanitation infra-
structure helps interrupt the cycle of  
poverty and disease. In the UK, provision 
of sanitation infrastructure in the 1880s 
contributed to a 15-year increase in life ex-
pectancy over the following four decades.  
(WaterAid, <www>)

2 – Introduction 
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2.2 Why is sanitation coverage not increasing?

2 – Introduction 

There are many factors preventing people’s access to adequate sanitation.
Developing countries often lack political will, a supportive institutional framework, know-how, and capacity.

Ñ
Ñ

Photo 1: Boy defecating in an open drain in 
Kolkata, India. (Photo Sandec)

Lack of good liquid waste management 
causes sickness and disease, and is a 
major environmental threat to global wa-
ter resources and a fundamental barri-
er to human dignity. Numerous stum-
bling blocks will have to be overcome to 
increase access to adequate sanitation 
services.

Insufficient awareness and priority 
setting
There is little political incentive for gov-
ernments to deal with the difficult sub-
ject of liquid waste management. The 
pressure on politicians regarding this is-
sue is low, especially since the most 
needy have the least political power. Po-
litical commitment is required to create 
an environment in which demand for liq-
uid waste management can grow and 
thereby strengthen political will (Simp-
son-Hébert and Wood 1998). The is-
sue of political will is certainly a key to 
successful sanitation promotion. Liquid 
waste management also suffers from 
low prestige. On account of their low 
status, many of the best and bright-
est professionals in developing countries 
avoid working on readily affordable liquid 
waste management approaches.

Inadequate institutional 
framework
The institutional framework in place is 
often monopolistic, lacks transparency, 
neglects the needs of the most vulner-
able segments of the population, and 
ignores the powerful role of NGOs and 
the private sector (Simpson-Hébert and 
Wood 1998). Emerging alternatives in-
volving greater participation of users and 
other stakeholders in planning and im-
plementation of sanitation projects and, 
thus broadening the institutional frame-
work, have led to developing realistic 
and sustainable programmes. Adequate-
ly supported communities are capable of 
introducing, sustaining and expanding ef-
fective sanitation improvements.

Inadequate legislation and policy
Existing policies are often counterpro-
ductive to creating a supportive envi-
ronment for sanitation (Simpson-Hébert 
and Wood 1998). The policies focus too 
much on water supply at the expense of 
wastewater management, and the subsi-
dies favour centralised systems in mid-
dle and high-income communities. Al-
though most countries have recognised 
the need to implement improved sys-
tems for wastewater management and 
have developed a basic wastewater man-
agement policy together with supporting 
legislation governing water-resource pro-
tection, these policies are generally not 
well defined and difficult to implement 
due to an overall lack of resources and 
management skills (Parkinson and Tay-
lor 2003).

Another major issue is the illegal sta-
tus of many settlements. In African, 
Asian and Latin American cities, be-
tween quarter and half of the popula-
tions live in informal or illegal settle-
ments (UN-HABITAT 2003). This is of 
key importance for liquid waste manage-
ment, since public or private sanitation 
providers are often not legally allowed to 
operate in such settlements. The risk of 
eviction in illegal settlements prevents 
the household from improving sanitation, 
since no household will invest its limited 
resources in a sanitation system if chanc-
es of eviction are high.

Inappropriate financing schemes
How is sanitation financed? In the past 
and in numerous countries today, in-
vestments in liquid waste management 
programmes are financed largely by tax 
revenues and government borrowing. 
However, public funds fall far short of 
the required level of investment to cover 
the rapidly growing demand in many ur-
ban areas. The economic problems faced 
by most countries in Africa, Asia and 
Latin America have further reduced the 
availability of these funds. Financing in-
vestments with bilateral funds have also 
created many problems in the past. Tying 
these funds to goods and services from 
specific countries has often led to higher 
costs and to the import of unfamiliar and 
inappropriate technologies (UN-HABI-
TAT 1996). Mobilisation of private capital 
for liquid waste management systems 
has always been extremely difficult, as 
private capital is limited and liquid waste 
management has to compete with sec-
tors yielding a higher return on invest-
ments. To date, only limited amounts of 
private capital have been used to finance 
sanitation infrastructure in urban areas.

The assumption that users of sani-
tation facilities do not have the means 
to pay for the service has led to strong-
ly subsidised unsustainable sanitation 
projects achieving only a minimum in-

The Orangi Pilot Project in Karachi, Pa-
kistan
The Orangi Pilot Project (OPP) is a good ex-
ample of empowerment. With the assist-
ance of an innovative community organis-
er, Akhtar Hameed Khan, the OPP has built 
up local organisations capable of planning 
and financing their own latrines and house 
drains, and also exerting pressure on Kara-
chi’s municipality to provide funds for sec-
ondary and primary sewers. The OPP has 
led to the provision of sanitation facilities 
and sewerage for over 90 % of the house-
holds in Orangi – the largest squatter set-
tlement (900,000 people) in Karachi. It is a 
good example of how people’s demands 
for improvements grow incrementally with 
increasing benefits after the implementa-
tion of each step. (Wright 1997)
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crease in coverage. Many examples re-
veal that users’ willingness and readi-
ness to pay is underestimated.

Capacity and expertise
The power of local governments to de-
velop strategies and plans for urban en-
vironmental infrastructure is very often 
restricted by central governments (UN-
HABITAT 1996). Such a situation may 
have been acceptable when the urban 
sector was rather small; however, the in-
creasing demands of rapid urban growth 
make such a centralised approach less 
and less relevant. Experience shows that 
centralised approaches to liquid waste 

Further questions
What are the major stumbling blocks? 

What priority should they be given?

How have some regions overcome  
obstacles to increasing their sanitation  
coverage?

Ñ

Ñ

Additional info
UN-HABITAT (1996); An Urbanizing 

World: Global Report on Human Settle-
ments 1996. UN-HABITAT, Ed. (Oxford 
University Press, Oxford, ed. 1)

UN-HABITAT (2003); Water and Sanita-
tion in the World‘s Cities, Local Action for 
Global Goals. E. P. Ltd, Ed. (Earthscan Pub-
lications Ltd, London, ed. 1), vol. 1.

UNDP (2006); Human Development Re-
port, Beyond scarcity: Power, poverty and 
the global water crisis; United Nations De-
velopment Programme, New York, USA. 
Download available on the CD of Sandec’s 
Training Tool and from the Internet (last ac-
cessed 01.04.08): http://hdr.undp.org/en/
media/hdr06-complete.pdf

Ñ

Ñ

Ñ

2.3 What principles could improve environmental sanitation?

The Bellagio Principles put the individual needs in the centre of the planning process and try to involve all 
stakeholders.
The Bellagio Principles promote decentralised solutions with a closed nutrient cycle.

Ñ

Ñ

Further questions
What are the main differences between 

former sanitation models and the new  
approach (HCES) based on the Bellagio 
Principles?

Could the Bellagio Principles also be  
applied to sanitation in industrialised  
countries?

What does “resolve environmental  
problems in a minimal domain” mean?

Ñ

Ñ

Ñ

During a meeting in Bellagio, Italy, from 
1−4 February 2000, an expert group 
brought together by the Environmental 
Sanitation Working Group of the Wa-
ter Supply and Sanitation Collaborative 
Council agreed that current waste man-
agement policies and practices are abu-
sive to human well-being, economically 
unaffordable and environmentally unsus-
tainable. They therefore called for a radi-
cal overhaul of conventional policies and 
practices worldwide, and of the assump-
tions on which they are based in order to 
accelerate progress towards the objec-
tive of universal access to safe environ-
mental sanitation, within a framework of 
water and environmental security and re-
spect for the economic value of waste. 

The principles governing the new 
approach are the following: 
1. Human dignity, quality of life and envi-

ronmental security at household lev-
el should be at the centre of the new 
approach, which should be respon-
sive and accountable to the needs 
and demands within the local and na-
tional setting. (WSSCC/Eawag 2000, 
pp. 12)

Solutions should be tailored to the 
full spectrum of social, econom-
ic, health, and environmental con-
cerns.
The household and community en-
vironment should be protected.

–

–

The economic opportunities of 
waste recovery and use should be 
harnessed.

2. In line with good governance princi-
ples, decision-making should involve 
participation of all stakeholders, espe-
cially the consumers and service pro-
viders. 

Decision-making at all levels should 
be based on informed choices.
Incentives for provision and con-
sumption of services and facilities 
should be consistent with the over-
all goal and objective.
Rights of consumers and providers 
should be balanced by responsibili-
ties to the wider human community 
and environment.

3. Waste should be considered a re-
source and its management should 
be holistic and form part of integrated 
water resources, nutrient flows and 
waste management processes. 

Inputs should be reduced so as to 
promote efficiency as well as water 
and environmental security.
Exports of waste should be mini-
mised to promote efficiency and re-
duce the spread of pollution.
Wastewater should be recycled and 
added to the water budget.

4. The domain in which environmen-
tal sanitation problems are resolved 

–

–

–

–

–

–

–

Additional info
WSSCC/Eawag (2000); Summary Report 
of Bellagio Expert Consultation on Environ-
mental Sanitation in the 21st Century  
1–4 February 2000, Water Supply and  
Sanitation Collaborative Council (WSSCC) 
and Swiss Federal Institute for Environ-
mental Science and Technology (Eawag), 
Duebendorf, Switzerland. Download avail-
able on the CD of Sandec’s Training Tool 
and from the Internet: www.sandec.ch

management have been particularly poor 
at reaching peri-urban areas (especially 
those that fall outside municipal bounda-
ries) and have not been responsive to lo-
cal needs and resources. (Parkinson and 
Taylor 2003)

should be kept to the minimum prac-
ticable size (household, community, 
town, district, catchment, city) and 
waste diluted as little as possible.

Waste should be managed as close 
as possible to its source.
Water should be minimally used to 
transport waste.
Additional technologies for waste 
sanitisation and reuse should be de-
veloped.

–

–

–

2 – Introduction 
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2.4 What waste products are generated?

The generation of liquid waste from hu-
man activities is unavoidable. However, 
not all humans produce the same amount 
of liquid waste. The type and amount of 
liquid waste produced in households is 
influenced by behaviour, lifestyle and 
standard of living of the population as 
well as by the governing technical and 
juridical framework. (Henze and Ledin 
2001, pp. 57−72)

The following section describes the 
different liquid waste fractions produced 
by the households. Industrial wastewa-
ter is not included, although it makes up 
an important fraction of wastewater in 
some environments. (Tilley 2008, pp. 2)

Further questions
Why distinguish between so many  

products? 
Ñ

2 – Introduction 

Households produce different waste products.
A sanitation system must deal with all products generated.

Ñ
Ñ

Blackwater is the mixture of urine, fae-
ces and flushing water along with anal 
cleansing water (if anal cleansing is 
practised) or dry cleansing material (e.g. 
toilet paper).

Greywater is used water generated 
through bathing, hand-washing, cook-
ing or laundry. It is sometimes mixed or 
treated along with blackwater.

Urine is the liquid not mixed with any 
faeces or water.
Brownwater is blackwater without 
urine.
Beigewater is anal cleansing water. It is 
generated by those who use water rath-
er than dry material for anal cleansing.
Faeces refer to (semi-) solid excrement 
without any urine or water.

Excreta is the mixture of urine and fae-
ces not mixed with any flushing water 
(although small amounts of anal cleans-
ing water may be included).

Faecal sludge is the general term for 
the undigested or partially digested slur-
ry or solid resulting from the storage or 
treatment of blackwater or excreta.

Domestic wastewater comprises all 
sources of liquid household waste: 
blackwater and greywater. However, it 
generally does not include stormwater.

Stormwater in a community settlement 
is runoff from house roofs, paved areas 
and roads during rainfall events. It also 
includes water from the catchment of a 
stream or river upstream of a communi-
ty settlement. 

The different sanitation systems generate the following products:
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2.5 What are the main parameters used to describe  
wastewater?

2 – Introduction 

A series of physical, chemical and biological parameters are used to describe wastewater characteristics.
Parameters are used for designing and monitoring sanitation systems.

Ñ
Ñ

Wastewater is characterised in terms 
of its physical, chemical and biological 
composition. Several relevant parame-
ters, which are used to describe the spe-
cific wastewater characteristics, shall be 
briefly presented here. These parame-
ters are useful when designing wastewa-
ter treatment facilities, monitoring per-
formance and determining compliance 
with wastewater discharge standards. It 
should be noted that many of the phys-
ical properties and chemical or biologi-
cal characteristics listed hereafter are in-
terrelated. (Metcalf and Eddy 2003, pp. 
30−81)

Solids
TS  Total solids
TSS Total suspended solids 

Suspended solids are those solids that 
do not pass through a 0.2-um filter. 
About 70 % of those solids are organ-
ic and 30 % are inorganic. The inorgan-
ic fraction is mostly sand and grit that 
settles to form an inorganic sludge lay-
er. Total suspended solids comprise both 
settleable solids and colloidal solids. Set-
tleable solids will settle in an Imhoff 
cone within one hour, while colloidal sol-
ids (which are not dissolved) will not set-
tle in this period. Suspended solids are 
easily removed through settling and/or 
filtration. However, if untreated waste-
water with a high suspended solids con-
tent is discharged into the environment, 
turbidity and the organic content of the 
solids can deplete oxygen from the re-
ceiving water body and prevent light 
from penetrating. 

Organic constituents
BOD Biochemical oxygen demand
COD Chemical oxygen demand

Biodegradable organics are composed 
mainly of proteins, carbohydrates and 
fats. If discharged untreated into the en-
vironment, their biological stabilisation 
can lead to the depletion of natural ox-
ygen and development of septic condi-
tions. BOD test results can be used to 
assess the approximate quantity of ox-
ygen required for biological stabilisation 
of the organic matter present, which 

•
•

•
•

in turn, can be used to determine the 
size of wastewater treatment facilities, 
to measure the efficiency of some treat-
ment processes and to evaluate com-
pliance with wastewater discharge per-
mits. 

Nutrients
TN Total nitrogen
TP Total phosphorus

Nitrogen and phosphorus, also known as 
nutrients or biostimulants, are essential 
for the growth of microorganisms, plants 
and animals. When discharged into the 
aquatic environment, these nutrients can 
lead to the growth of undesirable aquat-
ic life, which rob the water of dissolved 
oxygen. When discharged in excessive 
amounts on land, they can also lead to 
groundwater pollution.

Heavy metals
Heavy metals are usually added to waste-
water by commercial and industrial activ-
ities and may have to be removed if the 
wastewater is to be reused. Cadmium, 
chromates, lead, and mercury are, for ex-
ample, often present in industrial waste. 

Pathogens
TC (MPN) Total coliforms, most prob-
able number
FC (MPN) Faecal coliforms, most 
probable number

Communicable diseases can be trans-
mitted by pathogenic organisms present 
in wastewater. The presence of specific 
monitoring organisms is tested to gauge 
plant operation and the potential for re-
use.

Acidity/Basicity
pH -log10[H+]

The concentration range suitable for the 
existence of most biological life is quite 
narrow (typically 6 to 9). Wastewater 
with an extreme concentration of hydro-
gen ions is difficult to treat biologically. If 
the concentration is not altered prior to 
discharge, the wastewater effluent may 
alter the concentration in natural waters, 
which could have negative effects on the 
ecosystem.

•
•

•

•

•

Alkalinity
Ca[HCO3

-]2 Calcium bicarbonate
Mg[HCO3

-] Magnesium bicarbo-
nate 

Alkalinity in wastewater results from the 
presence of calcium, magnesium, so-
dium, potassium, carbonates and bicar-
bonates, and ammonia hydroxides. Al-
kalinity in wastewater buffers (controls) 
changes in pH caused by the addition 
of acids. Wastewater is normally alka-
line due to the presence of groundwater 
(which has high concentrations of natu-
rally occurring minerals) and domestic 
chemicals. The alkalinity of wastewater 
is important where chemical and biolog-
ical treatment is practised, in biological 
nutrient removal and where ammonia is 
removed by air stripping.

Electric conductivity
EC Electric conductivity

The measured EC value is used as a sur-
rogate measure of total dissolved sol-
ids (TDS) concentration. The salinity (i.e. 
‘saltiness’) of treated wastewater used 
for irrigation is also determined by meas-
uring its electric conductivity.

Temperature
The wastewater temperature is com-
monly higher than that of local water 
supplies. Temperature has an effect on 
chemical reactions, reaction rates, aquat-
ic life, and the suitability for beneficial 
uses. Furthermore, oxygen is less solu-
ble in warm than in cold water.

•
•

•

Further questions
Which listed parameters can be  

monitored in the field or in rural areas?

Which listed parameters need to be 
measured in a laboratory?

What other parameters could be  
important? Where are they relevant?

Ñ

Ñ

Ñ

Additional info
Metcalf and Eddy (2003); Wastewater 

Engineering, Treatment and Reuse, revised 
by George Tchobanoglous, Franklin L.  
Burton, H. David Stensel. 4th Edition,  
Published by McGraw-Hill, New York, USA. 

Ñ
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2.6 What are the characteristics of the main “waste”  
products and how can they be of value?

2 – Introduction 

Greywater, urine and faeces have distinct characteristics. 
When dealing with waste products, it is important to account for their value and potential risks.

Ñ
Ñ

Greywater
Since greywater is a reflection of house-
hold activities, its main characteristics 
strongly depend on factors such as cul-
tural habits, living standard, household 
demography, type of household chemi-
cals used etc. (Morel and Diener 2006, 
pp. 5−8, 85, 86)

Water consumption in low-income ar-
eas with water scarcity and rudimentary 
forms of water supply can be as low as 
20−30 litres per person and day. Grey-
water volumes are even lower in regions 
where rivers or lakes are used for per-
sonal hygiene and for washing clothes 
and kitchen utensils. Households in rich-
er areas with piped water may, however, 
generate several hundred litres per day.

In urban and peri-urban areas of low 
and middle-income countries, greywater 
is most often discharged untreated into 
stormwater drains or sewers – provided 
they exist –from where it normally flows 
into aquatic systems. This practice may 
lead to oxygen depletion, increased tur-
bidity, eutrophication, as well as microbi-
al and chemical contamination of aquat-
ic systems.

Reuse of greywater for irrigation of 
home gardens or agricultural land is wide-
spread, especially in regions with water 
scarcity or high water prices, such as in 
the Middle East, parts of Africa and Lat-
in America. Untreated greywater, though 
less contaminated than other wastewa-
ter sources, contains pathogens, salts, 
solid particles, fat, oil, and chemicals. If 
reuse practices are inappropriate, these 
substances may potentially have a neg-
ative effect on human health, soil and 
groundwater quality. Pathogen ingestion 
through consumption of raw vegetables, 
which have been irrigated with untreat-
ed greywater, is an important disease 
transmission route. Inadequate reuse of 
greywater can also have detrimental ef-
fects on soil. Suspended solids, colloids 
and surfactants can clog soil pores and 
change the hydro-chemical soil charac-
teristics. Furthermore, the improper dis-
charge of greywater can also lead to ir-
reversible salinisation and deterioration 

of the topsoil, especially in arid regions 
with high evaporation rates.

Direct irrigation of untreated greywa-
ter is not recommended. Irrigated grey-
water should undergo at least primary 
treatment to prevent clogging and the 
build-up of solids. Appropriate greywater 
treatment systems range from very sim-
ple and low-cost disposal options (e.g. 
local infiltration) to complex treatment 
units for neighbourhoods (e. g. a series 
of vertical and horizontal-flow planted 
soil filters). Primary treatment is required 
to lower the risk of clogging in second-
ary treatment steps. Septic tank systems 
and simple sedimentation tanks have 
proven to be efficient and robust. Anaer-
obic filters as well as planted and un-
planted aerobic filters are best suited for 
secondary greywater treatment.

Urine
The concentration of nutrients in the ex-
creted urine depends on the nutrient and 
liquid intake, the level of personal activity 
and climatic conditions.

Urine, rich in nitrogen and phospho-
rus, can be used as fertiliser for most 
non-nitrogen-fixing crops after appropri-
ate treatment to reduce potential micro-
bial contamination. Since spinach, cauli-
flower and maize are crops with a high 
nitrogen content, they respond well to ni-
trogen fertilisation. The nutrients in urine 
are present in ionic form, and their plant 
availability and fertilising effect compare 
well with those of chemical (ammoni-
um and urea-based) fertilisers (Kirch-
mann and Petterson 1995, pp. 149−154; 
Johansson et al. 2001). If the nitrogen 
content of collected urine is unknown, 
a concentration of 3−7 g of nitrogen per 
litre at excretion can be used as a de-
fault value (Jönsson and Vinneras 2004, 
pp. 623−626). On an annual basis, the 
amount of nitrogen produced per per-
son equals 30−70 kg, which can satisfy 
the demand of one crop on 300−400 m2. 
However, up to 3−4 times this level may 
be an optimal application strategy. (WHO 
2006, Vol. 4, pp. 10)

Urine can be applied either undiluted 
or diluted with water, preferably just be-
fore sowing or during initial plant growth. 
The best fertilising effect is obtained 
if the urine is directly incorporated into 
the soil; shallow ploughing is sufficient 
(Rodhe et al. 2004, pp. 191−198.). Direct 
ploughing also minimises ammonia loss-
es to the air. Surface application general-
ly results in over 70 % nitrogen loss due 
to ammonia volatilisation. Therefore, soil 
incorporation is very important. (Mork-
en 1998, pp. 4−7; WHO 2006, Vol. 4, 
pp. 10,11)

Environmental transmission of urine-
excreted pathogens is of minor concern 
in temperate climates. However, faecal 
cross-contamination may create a health 
risk. In tropical climates, faecal contami-
nation of collected urine poses the main 
health risk. However, some (rare) urine-
excreted pathogens should also be taken 
into account.

In a healthy individual, urine in the 
bladder is sterile. Nevertheless, differ-
ent types of bacteria are picked up in the 
urinary tract. Freshly excreted urine nor-
mally contains <10,000 bacteria per ml. 
In urinary tract infections, significantly 
higher amounts of bacteria are excret-
ed. These are normally not transmitted 
to other individuals through the environ-
ment.

Most of the pathogens transmitted 
through urine are rare enough that they 

Microcontaminants
Fifty to ninety per cent of the pharmaceuti-
cal drugs consumed may be excreted and 
discharged into waterways in their original 
or biologically active form. Furthermore, 
partially degraded drugs can be reconvert-
ed into their original active form by environ-
mental chemical reactions. Pharmaceutical 
drugs, such as chemotherapeutical drugs, 
antibiotics, hormones, analgesics, choles-
terol-lowering drugs etc., have turned up in 
tap water, groundwater beneath sewage 
treatment plants, lake water, rivers, and in 
drinking water aquifers. (Joseph Jenkins 
1999, pp. 37)
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do not pose a significant public health 
risk if human urine is reused in ag-
riculture. Schistosoma haematobium 
presents an exception in tropical areas. 
However, due to its life cycle, the risk of 
transmission is low. (WHO 2006, Vol. 4, 
pp. 34, 36) 

Faeces
From a risk perspective, exposure to un-
treated faeces is always considered un-
safe on account of the high levels of 
pathogens whose prevalence is depend-
ent on the given population. Enteric in-
fections can be transmitted by pathogen-
ic species of bacteria, viruses, parasitic 
protozoa, and helminths. (WHO 2006, 
Vol. 4, pp. 31)

Faecal compost can be applied as a 
complete phosphorus-potassium fertilis-
er or as a soil improver. About 40−70 % 
of the organic matter and slightly lower 
nitrogen content are lost through biologi-
cal activity and volatilisation. Most of the 
remaining nitrogen will become available 
to plants during degradation. The content 
of organic matter in faeces also increas-
es the water-holding and ion-buffering 
capacity of soils, an important aspect 
to improving soil structure and stimulat-
ing microbial activity. (WHO 2006, Vol. 
4, pp. 11,12)

Eutrophication
Nitrogen is normally a soil nutrient and an agricultural resource, however, depending on the 
concentration and environment, it can be regarded as a pollutant. Long Island Sound (New 
England, USA) receives over one billion gallons of treated sewage every day; the waste 
of eight million people. So much nitrogen was discharged into the Sound from the treated 
wastewater that it caused the aquatic oxygen to disappear, rendering the marine environment 
unsuitable for the local fish population. (EPA, <www>)
Eutrophication is frequently a result of nutrient pollution caused by the release of sewage ef-
fluent into natural waters (rivers or coasts), although it may also occur naturally in situations 
where nutrients accumulate (e. g. depositional environments) or where they flow into systems 
on an ephemeral basis (e. g. intermittent upwelling in coastal systems). Eutrophication gener-
ally promotes excessive plant growth and decay, favours certain weedy species over others 
and is likely to cause severe reductions in water quality. In aquatic environments, enhanced 
growth of choking aquatic vegetation or phytoplankton (i. e. an algal bloom) disrupts the nor-
mal functioning of the ecosystem, thus causing a variety of problems such as a lack of oxygen 
in the water required for the survival of fish and shellfish. The water may turn murky and and/
or a shade of green, yellow, brown or red. Human society is impacted as well: eutrophication 
decreases the resource value of rivers, lakes and estuaries and impairs recreation, fishing, 
hunting, and aesthetics. Health-related problems may occur where eutrophic conditions inter-
fere with drinking water treatment. (Bartram et al. 1999)

Photo 2: Algal bloom in a eutrophic lake. (Lindloff 2000, <www>)

Phosphate crisis
Phosphate is an essential component of DNA, RNA, ATP and other biologically active com-
pounds. Microbes, plants and animals − including humans − cannot exist without phosphorus 
(Abelson 1999, <www>). However, the global reserves of “cheap” phosphorus will be de-
pleted within 60−80 years at present rates of extraction. The highly skewed geographic dis-
tribution of the reserves will further complicate access and global shortages, and increased 
prices may become commonplace within the next few decades. Future generations will ulti-
mately face problems in obtaining enough to survive. (Moberg 2007)
Fertilisers are currently the main consumers of mined phosphate. Growing crops remove 
phosphate and other soil nutrients. Even the best land loses fertility unless nutrients are re-
plenished. There is a threefold (or greater) difference in crop yield between fertilised and un-
fertilised areas. Most of the world‘s farms do not have or do not receive adequate amounts 
of phosphate. Feeding the world‘s increasing population will accelerate the depletion rate of 
phosphate reserves. (Abelson, 1999, <www>)
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Further questions
Which constituents cannot be removed from waste products by most treatment  

technologies? How can that problem be solved?

Why is the volume an important parameter for describing waste products?

Are the nutrients in faeces readily available? 

How can eutrophication of a lake be reversed?

How can future generations meet their phosphorus demand?

Ñ

Ñ

Ñ

Ñ

Ñ

Additional info
Morel, A. and Diener, S. (2006); Greywater Management in low and middle-income  

countries, Review of different treatment systems for households or neighbourhoods. Swiss 
Federal Institute of Aquatic Science and Technology (Eawag), Dübendorf, Switzerland.

EcoSanRes/SEI (2006); Urine Diversion: One Step Towards Sustainable  
SanitationEcoSanRes Programme and the Stockholm Environment Institute, Stockholm,  
Sweden.

WHO (2006); WHO guidelines for the safe use of wastewater, excreta and greywater;  
Geneva, Switzerland: www.who.int/water_sanitation_health/wastewater/gsuww/en/index.
html (last accessed 01.04.08)

Downloads available from the Internet and/or on the CD of Sandec’s Training Tool.

Ñ

Ñ

Ñ
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Table 3: Potential risk factors and benefits of greywater, urine and faeces.

Total Greywater*** Urine Faeces

Volume 

[l/cap·yr]

25’000−

100’000

��’000−

100’000

500 50

Nutrients

Nitrogen

2−4 kg/
cap·yr

5% ��% 10%

Phosphorous 0.3−0.8 kg/
cap·yr

10%** �0% 30%

Potassium 1.4−2.0 kg/
cap·yr

34% ��% 12%

COD 30kg/cap·yr �1% 12% ��%

Faecal  
coliforms

− 10�−10�/ 
100ml

0* 10�−10� 
/100ml

Table 2: Characteristic comparison for greywater, urine and faeces. 
(Source unknown)

Greywater Urine Feaces

Chemical  
contamination

Fats, oils and  
toxic substances 
(org. compounds, 
chlorides, metals)

Micro- 
contaminants 
(e. g. hormons 
& antibiotics)

Micro- 
contaminants 
(e. g. Heavy 
metals)

Biological  
contamination

Pathogens  
(bacterias,  
viruses, 
helminths,  
protozoa)

Almost  
sterile (i. e. 
cross- 
contamination 
from feaces)

Pathogens 
(bacterias,  
viruses, 
helminths,  
protozoa)

Value Reuse poten-
tial (for irrigation 
or municipal and 
non-potable do-
mestic use)

Nutrients (N, K 
and P etc.) => 
ideal fertilizer

Good soil 
conditioner, 
but only little 
nutrients
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3 – Systems and Technologies

3.1 What are the Functional Groups through which  
the products flow?

A sanitation system is a combination of technologies through which the products flow.
Technologies which perform the same, or similar function are grouped into “Functional Groups”
Only selected combinations of technologies will lead to functional systems.

Ñ
Ñ
Ñ

A sanitation system should consider all 
the products generated and all the Func-
tional Groups these products are subject-
ed to prior to being suitably disposed of. 
Domestic products mainly run through 
five different Functional Groups, which 
form together a system. Note: depend-
ing on the system, not every Functional 
Group is required.

User interface describes the type 
of toilet, pedestal, pan or urinal the user 
comes in contact with. User interface 
also determines the final composition of 
the product, as it is the place where wa-
ter is introduced in the system. Thus, the 
choice of user interface is often depend-
ent on the availability of water.

Collection and storage/treatment 
describes the ways of collecting and 
storing products generated at the user 
interface; storage often also performs 
some level of treatment.

Conveyance describes the way in 
which products are moved from one 
process to another. Although products 
may need to be moved in various ways 
to reach the required process, the long-
est and most important gap lies between 
on-site storage and (semi-) centralised 
treatment. For the sake of simplicity, 
conveyance is thus limited to moving 
products at this point.

(Semi-) centralised treatment refers 
to the treatment systems which, unlike 
those used on-site, are larger, require a 
greater inflow (that can usually not be 

met by just one family) and often more 
skilled operation.

Use and/or disposal refers to the 
ways in which products are ultimately 
returned to the soil, either as harmless 
substances or useful resources. Further-
more, products can also be re-introduced 
into the system as new products. A typi-
cal example is the use of partially treated 
greywater used for toilet flushing.

Technologies are the specific infra-
structural configurations, methods or 
services designed specifically to contain, 
transform or transport products to an-
other process, point of use or disposal. 
(Tilley 2008)

Further questions
Which processes are not required in  

certain sanitation systems?
Ñ

Figure 3: Main processing steps and links in a sanitation system. (Sandec Training Tool, ppt)

3 – Systems and Technologies

The technologies presented in the following chapters were selected for their relevance or particular 
suitability in the context of developing countries. The reader should keep in mind that there are far more 
technology options, which cannot all be presented here. A wider selection is presented in the “Compendium of 
environmental sanitation systems and technologies”. (Tilley 2008)

Additional info
Tilley, E. et al (2008); Compendium of 

Sanitation Systems and Technologies (pre-
print). Swiss Federal Institute of Aquatic 
Science and Technology (Eawag), Düben-
dorf, Switzerland.  
Can be ordered: info@sandec.ch

►
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3.2 How can sanitation systems be classified?

Sanitation systems can be mainly classified as waterless and water-based systems.
Here we define eight technically feasible system templates, each with several alternative configurations.
The eight system templates are mostly defined by user interface and collection technology.

Ñ
Ñ
Ñ

Several attempts have been made to 
classify sanitation systems. Some clas-
sifications differentiate between earth-
based and water-based treatment sys-
tems, while others characterise size and 
placement of the treatment unit (on-site 
and off-site technologies). In this docu-
ment we refer to the classification pre-
sented in the “Compendium of Sanita-
tion Systems and Technologies”. (Tilley 
2008)

The Compendium defines eight dif-
ferent system templates comprising only 
technologies that can be logically linked 
together to form an appropriate system. 
Most system templates have several al-
ternative configurations with different 
technology options. The eight system 
templates range from simple (with few 
technological choices and products) to 
complex (with many technological choic-
es and products). As shown in Table 4, 
four are water-based, the other four wa-
terless. Most of the eight system tem-
plates have several alternative configura-
tions. Selection of the most appropriate 
system is given later in this chapter along 
with a detailed description of the system 
templates.

Table 4: Classification of sanitation systems as defined by Tilley (2008).

Further questions
What other sanitation systems are  

available aside from the described eight 
system templates?

What are the other possibilities to  
classify sanitation systems?

What are the advantages and dis-
advantages of these system designs?

Ñ

Ñ

Ñ

Additional info
Tilley, E. et al (2008); Compendium of 

Sanitation Systems and Technologies (pre-
print). Swiss Federal Institute of Aquatic 
Science and Technology (Eawag), Düben-
dorf, Switzerland.  
Can be ordered: info@sandec.ch

►

3 – Systems and Technologies

Waterless systems Water based systems

System 1:  

System 2:  

 
System 4:  

Single Pit System

Waterless Alternat-
ing Double Pits

Waterless Urine Di-
version

System 3: 

System 5:

System 6:

System 6: 

System 8: 

Pour Flush with Urine Diversion

Decentralised Blackwater Treatment

(Semi-) Centralised Blackwater Treatment

Sewerage with (Semi-) Centralised 
Treamtent

Sewerage with (semi-) centralized treatment 
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3.3 What are the major technology options for the functional 
group “user interface”?

Dry toilet

Dry toilets are easy to use and can be built almost everywhere.
Despite an available lid or cover, odours and flies can become a nuisance.

Ñ
Ñ

Description
A ‘dry’ toilet is a toilet that operates with-
out water. As shown in Figure 4, the dry 
toilet may be a raised pedestal for us-
ers to sit on or a squat pan for users to 
squat over. In both cases, excreta (both 
urine and faeces) falls through a drop 
hole. The dry toilet is usually placed over 
a pit. If two pits are used, the pedestal 
or slab should be designed so that it can 
be lifted and moved to the next location. 
The slab or pedestal base should fit the 
pit well to ensure both safety and pre-
vent stormwater from infiltrating the pit 
(which may cause it to overflow). (Tilley 
2008)

Suitability
Pedestals and squatting platforms can 
be made locally with only concrete (pro-
vided sand, water and cement are avail-
able). Wooden or metal moulds can be 
used to produce several units quickly and 
efficiently. Fibreglass and even stainless 
steel versions are available but more ex-
pensive and not always available.

Health Aspects/Acceptance
Since dry toilets do not have a water 
seal, odours are a constant nuisance. A 
cover or lid can be used to limit flies from 
entering the dry toilet, though when the 
lid is removed, the trapped flies may es-
cape: an unpleasant experience for the 
user. Since squatting is a natural position 
for many users, a well-kept squatting 
slab may be the most acceptable option.

This section describes the user-interactive technologies. The user interface is the way in which the sanitation  
system is accessed. Choice of the user interface has a great impact on the entire system design, as it defines 
the products or product mixtures fed into the system. Therefore, the user interface strongly influences the 
technological choices of subsequent processes.

Maintenance
The sitting or standing surface should be 
kept clean and dry to prevent pathogen/
disease transmission and limit odours. 
For lack of mechanical parts, the dry toi-
let should not need repair except if it 
cracks. 

Figure 4: Two dry toilet models: a pedestal seat unit (left) and a squatting platform unit (right). 
(Left: Servant Ministries 2007, <www>; right: Carter Center 2007, <www>)

Advantages
+ No need for flushing water

+ Can be made on site with locally available 
materials

+ Very low cost

Disadvantages/Concerns
− Since dry toilets do not have a water seal, 

odours are normally noticeable even if 
the vault or pit used to collect excreta is 
equipped with a vent pipe

− The excreta pile is visible except where a 
very deep pit is used

− Safety concerns for children, disabled, 
elderly

Costs
Dry toilets are the least expensive toilet 
options as they can be made on site and 
require no special parts or materials. De-
pending on the availability of materials, 
costs range from about $ 2 for a concrete 
squatting platform to $ 30 for a polished 
concrete pedestal.

3 – Systems and Technologies
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Urine diverting dry toilet (UDDT)

In UDDTs, urine and faeces are separated, thus allowing separate processing.
Urine separation allows practical reuse of excreta and saves water.
UDDTs can be built locally.

Ñ
Ñ
Ñ

Description
A urine diverting dry toilet (UDDT) is a 
toilet operating without water and sep-
arating the liquid (urine) from the sol-
id (faeces) fraction. In a UDDT toilet, 
urine is collected and drained from the 
front area of the toilet, while faeces fall 
through a large chute (hole) in the back 
of the toilet (Figure 5). It is important 
for the two sections of the toilet to be 
well separated so that a) urine does not 
splash down into the ‘dry’ area of the toi-
let and b) faeces do not fall into and clog 
the urine collection area in the front. As 
shown in Figure 5 and depending on user 
preference, either a pedestal or a squat 
slab can be built/used to separate urine 
from faeces. (Tilley 2008)

Suitability
The dry toilet is quite simple to design 
and build and can be altered to suit the 
needs of specific populations (i. e. small 
children, people who prefer to squat 
etc.).

Health Aspects/Acceptance
The UDDT is not intuitive or immediately 
obvious to all users. Users may at first be 
hesitant to use it, and mistakes (e. g. fae-
ces in the urine bowl) may also deter oth-
ers from accepting this type of toilet. Ed-
ucation and demonstration projects are 
essential in achieving good acceptance 
among users.

Advantages

+ No need for water

+ Since faeces are dry and urine is sepa-
rated, smells are minimal, though a lid 
should be used

+ Can be built on site with locally available 
materials

+ Very inexpensive

Disadvantages/Concerns

− Its use may be difficult for some people 
(heavy, old and young)

− Faeces can be accidentally deposited in 
the urine section and lead to clogging 
and cleaning problems

− Urine pipes/fittings can become blocked 
with time

Figure 5: Two types of urine diverting toilets. The left photo shows a pedestal type, the  
illustration on the right a squatting version. (Left: Morgan 2003, Zimbabwe; right: source  
unknown)

Maintenance
A UDDT is slightly more difficult to keep 
clean than other toilets due to its lack 
of water and need to separate the sol-
id from the liquid fraction. Since it forms 
part of a dry system, water should not 
be poured down the toilet, although 
the seat and the inner bowls should be 
wiped with a damp cloth. Metals should 
be avoided, as they tend to rust in the 
presence of urine.

3 – Systems and Technologies

Costs
UDDTs come in a variety of shapes 
and sizes. A concrete and chicken wire 
pedestal could be made for as little as 
$ 5−10. Plastic squatting pans can some-
times be bought for as little as $ 2−3. 
More elaborate injection moulded fibre-
glass or stainless steel squat slabs can 
be much pricier.
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Pour-flush toilet

Pour-flush toilets have a water trap which reduce fly and odour nuisance.
No constant water supply is required. Stored water can be used for flushing instead.

Ñ
Ñ
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Description
A pour-flush toilet is or can be a regu-
lar flush toilet except that water does 
not come from the cistern above but is 
poured by the user. If running water is 
unavailable or infrequent, any cistern-
flush toilet can become a pour-flush toi-
let. As in a traditional flush toilet, a water 
seal prevents odours and flies from com-
ing back up the pipe. (Tilley 2008)

Both pedestal (sitting) and squatting 
pans can be used in the pour-flush ver-
sion (Figure 6). Pour-flush pans are in 
fact becoming increasingly popular and 
easy to obtain at low cost.

To ‘flush’ the toilet, water is poured 
into the bowl; about 2−3 L are usually 
sufficient. The water and the force of wa-
ter (pouring from a height often helps) 
must be sufficient to move the excreta 
up and over the curved water seal (illus-
tration in Figure 6). The S-shape of the 
water seal determines how much water 
is needed for flushing. It may be advis-
able to collect toilet paper in a separate 
container to reduce the amount of wa-
ter used.

For pour-flush bowls or pans, a 25−30° 
inclination is necessary towards the back 
of the pan connected to the water seal. 
Water seals should be made of plastic 
or ceramic to prevent clogging and facili-
tate cleaning. About 2 cm is the optimum 
depth of the water seal; otherwise more 
flush water is required. The trap should 
be about 7 cm in diameter.

Suitability 
The water seal is effective against 
odours and appropriate for those who sit 
or squat (pedestal or slab) or who prac-
tice anal cleansing with water.

Advantages

+ The water seal effectively prevents 
odours

+ Requires no water connection (i. e. can 
be used with stored water, rainwater 
etc.)

+ The excreta of one user is flushed away 
before the next user arrives

+ Can be used by sitters, squatters and 
anal cleansers using water

Disadvantages/Concerns

− 2−3 L of water are required per flush, as 
the toilet will not work without water

− Dry cleansing materials should be  
discarded separately to prevent clogging

Figure 6: A pedestal toilet (photo) and a cross-section (illustration) of a squatting pan with water 
seal. (Left: Anderson 2001, Mexico; right: WEDC 1998)

Health Aspects/Acceptance
Since the pour-flush toilet (or squatting 
pan) prevents users from seeing and 
smelling the excreta of previous users, it 
is generally well accepted. Provided the 
water seal is working well, the pour-flush 
toilet should not emit any odours and 
should be clean and comfortable to use. 

Maintenance
Due to its limited number of mechanical 
parts, pour-flush toilets are quite robust 
and rarely require repair. 

Despite the fact that water is used contin-
uously in the toilet, it should be cleaned 
regularly to prevent the build up of organ-
ics and/or stains.

Costs
A pour-flush pan costs between $ 2−8, 
whereas a conventional flush toilet (that 
can be operated in pour-flush mode) can 
cost upwards of $ 40. Operating costs 
should also take the water costs into ac-
count. 
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Cistern-flush toilet (CFT)

Cistern-flush toilets are comfortable but expensive and not always available.
CFTs use a lot of water and thus require a regular water supply.

Ñ
Ñ

3 – Systems and Technologies

Description
The flush toilet is mass-produced and 
usually made of porcelain. The attractive 
feature of the flush toilet is that a water 
seal prevents odours from coming back 
up through the plumbing. Depending on 
the age of the toilet, between 8 and 25 L  
of water may be used per flush. Water 
stored in the cistern behind the toilet is 
released by pushing the handle for it to 
run into the bowl, mixing with the excre-
ta and carrying it away (Figure 7). (Tilley 
2008)

There are different ‘low-volume’ flush 
toilets currently available that use as little 
as 3 L of water per flush. In some cases, 
however, the volume of water used per 
flush is not sufficient to empty the bowl, 
and the user is thus forced to use more 
flushes to adequately clean the bowl – a 
fact not favouring water saving. 

The flush toilet must be installed by 
a plumber to prevent leaks and ensure 
that all valves are connected and sealed 
properly. 

Suitability 
When purchasing a flush toilet, care 
should be taken that connections and 
hardware accessories are available in 
the area/country concerned. The cistern-
flush toilet requires a connection to a wa-
ter line and must be connected to an on-
site collection or transport technology. 
Due to the volume of water used and 
sewage generated, care should be taken 
to ensure that the system can accommo-
date the water volume.

Figure 7: Cross-section (left) and photo (right) of a classical cistern-flush toilet design.  
(Left: source not know; right: Oldtub 2007)

Advantages

+ Users never see the excreta of the  
previous users

+ The toilet is comfortable and easy to use

Disadvantages/Concerns

− The toilet uses a lot of water and will 
not function without it

− It cannot always be purchased or locally 
produced

− Generates a large volume of sewage to 
be discharged

Health Aspects/Acceptance
It is a safe and comfortable toilet.

Maintenance
Although flushing water rinses the bowl, 
the toilet should be scrubbed clean regu-
larly. Maintenance may be required occa-
sionally for replacement or repair of me-
chanical parts or fittings.

Costs
A flush toilet can cost anywhere from 
$20−200. Depending on the location and 
type of toilet, water can become a signif-
icant operational cost factor.

Further questions: technology options 
for the process “user interface”

What are the criteria for a good latrine 
superstructure?

How does the user interface influence 
the rest of the sanitation system?

Ñ

Ñ

Additional info
Tilley, E. et al (2008); Compendium of Sanitation Systems and Technologies (pre-print). 

Swiss Federal Institute of Aquatic Science and Technology (Eawag), Dübendorf, Switzerland. 

Morgan, P (2007) Toilets That Make Compost: Low-cost, sanitary toilets that produce  
valuable compost for crops in an African context. Stockholm Environment Institute, Sweden.

Brandberg, B. (1997). Latrine Building. A Handbook for Implementation of the Sanplat  
System, Intermediate Technology Publications, London.

Downloads available on the CD of Sandec’s Training Tool.

►

Ñ

Ñ
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3.4 What are the major technology options for the  
functional group “collection and storage / treatment”?

3 – Systems and Technologies

This section describes the technologies for the collection and storage of the products generated at the user 
interface. In the case of extended storage, some treatment may be provided, though it is generally minimal and 
dependent on storage time.

Figure 8: A VIP latrine. The ventilation pipe 
allows air to be sucked out of the pit and for 
fresh air to flow into the pit through the squat 
hole. This reduces odour and fly nuisance. 
(WEDC 1998)

Advantages

+ Flushing water is not required

+ Can be made on site with locally available 
materials

+ (Very) low cost

+ Double pit latrines: since double pits are 
used alternately, their life is virtually un-
limited

+ VIP latrines: a ventilation pipe reduces 
odour nuisance

Disadvantages/Concerns

− Since dry toilets do not have a water seal, 
odours are normally noticeable even if 
the vault or pit used to collect excreta is 
equipped with a vent pipe

– The excreta pile is visible except where a 
very deep pit is used

– The rather large opening to the excreta 
pile might not suit children, the elderly, 
pregnant women etc.

Single, double and ventilated improved pits

Lined, or unlined pits can, in some cases, be the least expensive Collection and Storage/Treatment option
Odour and fly nuisance can be reduced by a ventilation pipe (VIP toilet).
Double pits can be filled and emptied in a continuous cycle, removing the need to dig new pits

Ñ
Ñ
Ñ

Description
The single pit is one of the most wide-
ly used sanitation technologies.  Excre-
ta, along with anal cleansing materials 
(water and/or solids) are deposited into 
a pit.  Lining the pit prevents it from col-
lapsing and provides support to the su-
perstructure.  

A ventilated improved pit (VIP) is simi-
lar to a single pit with addition of a verti-
cal vent pipe. The vertical pipe is ideally 
at least 150 mm in diameter; alternative-
ly a brick or ferrocement pipe can be con-
structed. Wind blowing across the top 
of the vent pipe sucks air out of the pit 
while fresh air flows into the pit through 
the squat hole. This flow of air can be in-
creased the pipe is painted black: the 
air in the vent heats up, rises, and cre-
ates and updraft which helps to pull air, 
moisture and smells out of the pit. The 
top of the pipe should be covered with 
mesh to stop flies from entering or leav-
ing the pit through the vent. The VIP de-
sign can be used for both single and dou-
ble pits.  When double pits are used, one 
side is used at a time.  One side is used 
until full, the second side is then used.  
The material is emptied from the first pit 
once the second pit is full, and the cycle 
is started again.  In this way, no new pits 
need to be constructed.

Suitability
Treatment processes in pits are limited, 
i.e. pathogen reduction and organic deg-
radation is not significant.  However, pit-
based systems are appropriate for rural 
or peri-urban areas where there is space 
to dig new pits once the old ones are full 
and/or where trucks can access the pits 

to empty them.  Pits are not appropriate 
for rocky ground or where there is a high 
groundwater table (which may cause 
flooding and overflow the pit).

Health Aspects/Acceptance
Even single pits are a significant im-
provement over open defecation, and 
well-built VIPs can be more comforta-
ble to use than some water-based sys-
tems.  However, pits are not perfect and 
may contaminate groundwater if they are 
improperly located.  As well, stagnant 
water in pits may cause insect breeding 
and pits may be susceptible to failure or 
overflowing during floods or heavy rain 
events. 

Maintenance
There is no daily maintenance associated 
with a pit, however when the pit is full it 
must either be a) covered or b) emptied. 

Costs
Depending on the soil type, the availabil-
ity of labour and materials, a pit can be 
constructed for almost nothing (unlined) 
or can be quite costly (double lined VIP).
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Double dehydration vaults

Urine and faeces are stored separately, thereby facilitating hygienisation and reuse.
Vaults should be used with UDDTs and/or urinals

Ñ
Ñ

Description
Dehydration vaults are used to collect, 
store and dry (dehydrate) faeces.  Fae-
ces will only dehydrate when the vaults 
are watertight to prevent external mois-
ture from entering and when urine and 
anal cleansing water are diverted away 
from the vaults. 

When urine is separated from faeces, 
the faeces dry quickly.  In the absence 
of moisture, organisms cannot grow and 
as such, smells are minimized and patho-
gens are destroyed.  Vaults used for dry-
ing faeces in the absence of urine have 
various local names. One of the most 
common names for this technology is 
the Vietnamese Double Vaults.

Health Aspects/Acceptance
Dehydration Vaults can be a clean, com-
fortable, and easy-to-use technology.  

3 – Systems and Technologies

Figure 9: Main parts of a Urine Diverting Dry Toilet. (UNESCO-
iHE 2007, <www>)

Pit sizing for latrines
To size pits or tanks, it is important to determine the rate at which sludge (including faeces, urine and anal cleansing material) will accumulate, 
and the rate at which effluent will infiltrate in the surrounding ground. The top 0.5 m of a pit should not be filled to allow for safe backfilling and 
to prevent splashing, unpleasant sights and increased odour and fly nuisance.

The approximate m3 size of the pit can be calculated as a function of the following equation: 

     (N.S.D)              N.W
V =                   and    F =             
      1000   l

V:  Pit volume (m3)
N:  No. of users
S:  Sludge accumulation rate (litres/cap  

year) is listed in the table below
D: Pit life (years) >5 years for single pits
  1−2 years for double pits
  0.5−1 year for double pits with urine   

separation
F:   Infiltration area (m2); (water depth =
   F / pit circumference)
W:  Amount of water used for flushing 
  (litres / cap day)
I:   Infiltration rates (liters/m2 day)
  - Sand   40
  - Sandy loam 25
  - Silt loam 20
  - Clay loam   8
  - Clay  unsuitable

This method assumes that liquid waste is absorbed by the surrounding soil. If liquid remains in the pit it will fill far more rapidly. It should also be 
noted that soil pores become clogged with time, thus reducing or even stopping infiltration. Pits should therefore be oversized rather than under-
sized, especially where soil infiltration rates are relatively low.
Most single pits for household or family use are about 1 m wide and 3 m deep. It is difficult to excavate pits less than 0.9 m in diameter, as they 
do not provide enough room for a person to work. (Harvey et al. 2002, pp. 95−99)

In emergency situations (rapid accumulation), these rates should be multiplied by 150−200%

Table 5: List of sludge accumulation rates based on different scenarios. (Franceys et al. 1992)

Waste deposited and conditions Sludge accumulation rate “S”  
(litres per capita per year)

Waste retained in wet environments where 
degradable anal cleaning materials are used 

Waste retained in water where non-degrada-
ble anal cleaning materials are used 

Waste retained in dry conditions where degra-
dable anal cleaning materials are used 

Waste retained in dry conditions where non-
degradable anal cleaning materials are used

40 

60 

60 

90

Sludge Accumalation Rates
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Advantages

+ No need for water

+ Since faeces are relatively dry and the 
urine is separated, smells are mini-
mised, though a lid should be used

+ Can be built on site with locally available 
materials

Disadvantages/Concerns

− Its use may be difficult for some people 
(heavy, old and young)

– Faeces can be accidentally deposited in 
the urine section, causing blockages and 
cleaning problems

– Additional urinals should be provided 
for men

Twin pits for pour-flush

The twin pits latrine can be operated uninterruptedly by using the pits alternatively.
A water-seal requires water for flushing but reduces odour and fly nuisance. 

Ñ
Ñ

Description
This technology consists of two alternat-
ing pits connected to a pour flush toilet. 
The blackwater (and greywater) is col-
lected in the pits and allowed to slowly 
infiltrate into the surrounding soil. With 
time, the solids are suffeciently dewa-
tered and can be manually removed with 
a shovel.

The shelter can either cover one pit 
at a time or both at once. Alternative-
ly, the pits can be built outside the shel-
ter and connected to the user interface 
with short pipes. Only one pit is used at 
a time; a continuous cycle of alternating 
pits can thus be used. This is an effec-
tive solution in areas with limited space, 
since the pits can be used alternatively 
for several years. (Tilley 2008)

While one pit is being filled with ex-
creta, anal cleansing water and/or flush-
ing water, the other full pit is resting. At 
least 4 L per person and day must be 
available to maintain the system, espe-
cially the water-seal. The pits should be 
designed to accommodate 1−2 years of 
filling. This will provide enough time for 
the content of the full pit to be trans-
formed into an inoffensive, safe and soil-
like material that can be excavated manu-

ally. The difference between this system 
and the alternating dry double pit system 
is that this system allows for water to be 
added but does not include addition of 
organic material. Due to these differenc-
es, the full pits require more time to de-

grade prior to their excavation (preferably 
two years).

Due to the characteristics of unsatu-
rated soil, this technology is very effec-
tive in removing faecal organisms from 
sludge; however, it is not a failsafe treat-

3 – Systems and Technologies

When users are well educated and un-
derstand how the technology works they 
may be more willing to accept it as a via-
ble sanitation solution.

When the vaults are kept dry, there 
should be no problems with flies or 
odours.  Faeces from the double vaults 
should be very dry and relatively safe to 
handle provided they were continuous-
ly covered with material and not allowed 
to get wet.

There is a low health risk for those 
whom have to empty or change the urine 
container.  Faeces that have been dried 
for over one year also pose a low health 
risk. 

Maintenance
To prevent flies, minimize odours and en-
courage drying, a small amount of ash, 
soil, or lime should be used to cover fae-
ces after each use.  Care should be taken 

to ensure that no water or urine gets into 
the Dehydration Vault. If this happens, 
extra soil, ash, lime, or sawdust can be 
added to help absorb the liquid.  

Because the faeces are not actually 
degraded (just dried), dry cleansing ma-
terials must not be added to the Dehy-
dration Vaults as they will not decom-
pose. Occasionally, the mounded faeces 
beneath the toilet hole should be pushed 
to the sides of the pit for an even drying. 

Where water is used for cleansing, an 
appropriate User Interface should be in-
stalled to divert and collect it separately. 

Costs
Depending on the cost of materials and 
labour, dehydration vaults can be quite 
affordable to more expensive.  The size 
and waterproofness of the vault will de-
termine a large part of the cost. 

Figure 10: Left: single pit latrine with water-sealed pan for pour-flush. Right: pour-flush toilets 
connected to a double pit system (photo) allow for the accumulation of faeces in alternating batch 
mode. (Left: WEDC 1998; right: source unknown)
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ment option. Groundwater pollution is 
likely to occur with a high or variable 
groundwater table and/or if the bedrock 
is cracked. Since viruses and bacteria 
can travel hundreds of metres in saturat-
ed conditions and for several other com-
plex reasons, it is difficult to estimate the 
distance between this sanitation tech-
nology and a water source. However, 
a minimum distance of 10 m should be 
maintained to limit exposure to chemical 
and biological contamination.

Also, the twin pits should be built at 
least 1 m apart from each other to min-
imise cross-contamination between the 
maturing pit and the one in use. Since 
leachate can also affect structural build-
ing support, pits should be built at least 
1 m away from foundations. 

Since far more water is used by this 
system than by a simple pit latrine, the 
walls have to be lined to prevent them 
from collapsing, and the top 30 cm 
should be fully mortared to keep the pit 
watertight and ensure support of the su-
perstructure. 

Suitability
It is a permanent system suited for are-
as where continuous moving of a pit la-
trine is not an option. As this technology 

Advantages

+ Generally easy to build

+ Can be constructed by community  
members with local materials

+ Can be designed and built to be  
aesthetically pleasing and prestigious

+ Depending on design (e.g. by using a 
squatting pan with a water-seal), odours 
and other nuisances can be virtually  
eliminated

+ Can be used with anal cleansing water 
and/or dry material

Disadvantages/Concerns

− Excreta requires manual removal 

− Clogging is frequent when bulky  
cleansing materials are used

3 – Systems and Technologies

Septic tank

Septic tanks are one of the most widespread on-site treatment units worldwide.
Construction is relatively costly, however, the technology requires little O&M.
Both sludge and liquid effluent need further treatment.

Ñ
Ñ
Ñ

Description
A septic tank is a watertight storage con-
tainer (concrete or fibreglass) for stor-
age as well as for physical and chemi-
cal treatment of liquid household waste. 
The septic tank should have at least two 
chambers. In the first chamber or ‘sepa-
ration chamber’, most of the solids ac-
cumulate; in the second or ‘polishing 
chamber’, the effluent is further clari-
fied. Liquid flows into the tank and heavy 
particles sink to the bottom, while scum 
(oils, fats, surfactants) floats to the top. 
With time, the solids settling to the bot-
tom are degraded anaerobically. The clar-
ified liquid passes out of the septic tank 
through an outlet-T to prevent the dis-
charge of scum or sludge. The effluent 
must then be dispersed in some way, 
e. g. a leaching field or soak pit (see at-

Figure 11: Cross-section of a septic tank with its separation (left) and polishing (right) chambers. 
Entering blackwater separates into a scum, liquid and sludge layer. Accumulated sludge is  
removed annually through access openings on top of the tank. (Sandec 1995)

is water-based, it can provide a high level 
of comfort with hardly any odour or other 
nuisances. This technology is inappropri-
ate in areas with a high groundwater ta-
ble or where flooding is common.

Health Aspects/Acceptance
A VIP latrine can be a very clean, com-
fortable and well accepted sanitation op-
tion, however, some health concerns ex-
ist:

Latrine leachate can contaminate 
groundwater. 
Stagnant water in pits may promote 
insect breeding.
Pits are susceptible to failure/over-
flowing during floods.
Health risks from flies are not com-
pletely eliminated by ventilation.

Upgrading
An alternating VIP latrine can be upgrad-
ed to include a water seal if flushing or 
washing water is used. 

Maintenance
To keep a VIP latrine fly and odour free, 
regular cleaning and maintenance is 
required. Dead flies, dust and debris 
should be removed from the ventilation 
screen to ensure a good flow of air. The 

•

•

•

•

slab should be kept clean and dry to pre-
vent odours and the spread of disease.

Costs
Depending on self-help input and choice 
of materials, starting capital is around 
$ 90.
There are no operational costs except 
for possible replacements of damaged 
structures or slabs.
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Advantages

+ The tank is underground and does not  
require a lot of land

+ Minimum amount of O&M

+ Some semi-skilled or unskilled commu-
nity labour is required 

Disadvantages/Concerns

− Professional design and layout are  
required

− Not all parts and materials may be  
available locally

− Minimum removal of organics and  
pathogens

− Desludging is an added expense (or can 
be conducted manually, though  
unpleasant)

− Requires water for flushing

3 – Systems and Technologies

tached documents for details on these 
technologies). (Tilley 2008)

Suitability
A septic tank is an appropriate option 
where users show a moderate willing-
ness to pay and where land is available 
for the septic tank and for dispersing the 
effluent (leaching field/soak pit, sewer 
etc.). Since the septic tank must be des-
ludged regularly, a vacuum truck should 
be able to access the location; other-
wise, desludging will have to be conduct-
ed manually. Septic tanks should not be 
used in very densely populated areas, 
as the limited land available may not ac-
commodate all the effluent. Larger, mul-
ti-chamber septic tanks can be designed 
for groups of houses and/or public build-
ings (i. e. schools).

Health Aspects/Acceptance
Though pathogen removal is not signifi-
cant, the entire system is below the sur-
face and users do not come into con-
tact with any of the wastewater. Users 
should be extremely careful when open-
ing the tank, as noxious and explosive 
gases may be released. A vacuum truck 

should be used to desludge the tank. 
However, if this is not possible, the strict 
safety guidelines for ‘Manual Emptying’ 
should be followed.

Upgrading
A septic tank connected to a leaching 
field or soak pit can later be connected to 
a small-bore sewer if one is installed. 

Maintenance
Septic tanks should be checked for wa-
tertightness, and the scum and sludge 
levels should be monitored to ensure 
that the tank is functioning well. On ac-
count of the delicate ecology of the sys-
tem, care should be taken not to dis-
charge strong chemicals into the septic 
tank. The sludge should be removed an-
nually to ensure proper functioning.

Costs
Depending on the material used (con-
crete, fiberglass) and availability of spare 
parts, a septic tank is not a uniformly af-
fordable option.
Desludging and potential repair are not 
expensive but must be performed regu-
larly for the system to function well.
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3 – Systems and Technologies

Anaerobic baffled reactor (baffled septic tank)

An ABR is a highly reliable and robust (semi-) centralised treatment system.
Both sludge and liquid effluent still need further treatment.
High investment costs can be shared between many users.
Requires expert design and skilled construction.

Ñ
Ñ
Ñ
Ñ

Advantages

+ Low cost when divided among mem-
bers of a housing cluster or small com-
munity

+ Minimum operation and maintenance

+ Resistant to organic and hydraulic shock 
loads

+ Reliable and consistent treatment

Disadvantages/Concerns

− Requires expert design and skilled  
construction; partial construction work 
by unskilled labourers

− Requires secondary treatment and  
discharge

Figure 12: Cross-section of a baffled reactor. Blackwater first enters the settling compartment on 
the left and is forced to flow through activated sludge in the subsequent tanks. (Modified from: 
Sasse 1998, pp. 81)

Description
An anaerobic baffled reactor (ABR) is 
mainly a small septic tank (settling com-
partment) followed by a series of anaer-
obic tanks (at least three). Most of the 
solids are removed in the first and larg-
est tank. Effluent from the first tank then 
flows through baffles and is forced to 
flow up through activated sludge in the 
subsequent tanks. Each chamber pro-
vides increased removal and digestion 
of organics: BOD may be reduced by up 
to 90 %. Increasing the number of cham-
bers also improves performance. (Tilley 
2008)

Suitability
This is a household centred or semi-
centralised technology suitable for rural 
communities with a transport system in 
place, such as a simplified sewer. Since 
the tank is installed underground and has 
a fairly small footprint, the technology is 
appropriate for communities with limited 
land. The system can be efficiently de-
signed for a daily inflow of up to 1000 m3. 
A good community organisation is re-
quired to ensure that the ABR is used 
and maintained properly. The effluent is 
not fully treated and must be disposed of 
or sent to secondary treatment.

Health Aspects/Acceptance
Though pathogen removal is not signifi-
cant, the system is contained and users 
do not come in contact with any of the 

wastewater or disease-causing patho-
gens. The tank should be vented to pre-
vent the release of potentially harmful 
gases. A vacuum truck should be used to 
desludge the tank.

Maintenance
Tanks should be checked for watertight-
ness, and the scum and sludge levels 
should be monitored to ensure a well 
functioning tank. On account of the tech-
nology’s delicate ecology, care should 
also be taken not to discharge strong 
chemicals into the ABR. The sludge 
should be removed annually to ensure 
proper functioning.

Costs
The costs vary since they are dependent 
on the availability of materials and econo-
my of scale; however, they are generally 
lower than more mechanical, centralised 
technology options.

Further questions: technology options 
for the functional group “collection and 
storage/treatment”

When can collection & storage technolo-
gies be considered treatment units?

What are the advantages and disadvan-
tages of dry toilets vs water-based toilets?

Ñ

Ñ

Additional info
EcoSanRes/SEI (2006); Urine Diversion: One Step Towards Sustainable SanitationEcoSan-

Res Programme and the Stockholm Environment Institute, Stockholm, Sweden.

UNEP/GPA − UNESCO-IHE − UN/DOALOS (2004); A training manual on wastewater,  
Published by Train-Sea-Coast GPA, The Hague, Netherlands. www.gpa.unep.org/training (last 
accessed 01.04.08)

Morgan, P (2007) Toilets That Make Compost: Low-cost, sanitary toilets that produce  
valuable compost for crops in an African context. Stockholm Environment Institute, Sweden.

Tilley, E. et al (2008); Compendium of Sanitation Systems and Technologies (pre-print). 
Swiss Federal Institute of Aquatic Science and Technology (Eawag), Dübendorf, Switzerland. 

Downloads available on the CD of Sandec’s Training Tool and/or from the Internet.

Ñ

Ñ

Ñ

►
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3 – Systems and Technologies

3.5 What are the main technology options for conveyance of waste 
products to (semi-) centralised treatment technologies?

If waste products cannot be safely disposed of or even suitably reused on site, they have to be transported 
elsewhere. Faecal sludge emptying and haulage technologies are discussed in detail in Module 5, “Faecal Sludge 
Management (FSM)”. This chapter focuses on wastewater conveyance.

Classically, a sewerage system trans-
ports wastewater (i. e. blackwater sepa-
rated from or mixed with greywater). The 
principle of using gravity as the driving 
force for conveying wastewater in a sew-
erage system is applied whenever possi-
ble to minimise pumping costs. (UNEP-
IETC 2002)

Conventional sewer

Conventional sewers require little effort on the part of the homeowners.
Conventional sewers require high investment costs, specialised knowledge and maintenance.

Ñ
Ñ

Figure 13: Cross-section of a conventional sewer in a common urban setup. Conventional sewers 
are built along streets. Caption: 1) Lavatory 2) Bathroom 3) Kitchen 4) Rainwater 5) Street inlet  
6) Catch basin 7) Sewer main 8) Manhole 9) Private sewer 10) Public sewerage system  
11) Public/private boundary. (Osaka City 2007, <www>)

Description
Conventional gravity sewers are large 
networks of underground pipes convey-
ing sewage from individual households 
to a central treatment facility using grav-
ity and pumps if necessary. Gravity sew-
ers are used for blackwater, greywater 
and stormwater (surface runoff). Con-
ventional sewers do not require on-site 
wastewater pretreatment or storage. 
Since the waste is not treated prior to 
discharge, the sewer must be designed 
to allow ‘self-cleaning’ flows, i. e. a flow 
of at least 0.6 m/s. Therefore, a constant 
downhill gradient must be kept through-
out the length of the sewer, and pump 
stations must be installed if a downhill 
gradient cannot be ensured. To maintain 
the required hydraulic conditions, gravity 
sewers have to be laid deeply, e. g. be-
tween 2−3 m. This depth is also required 
to prevent damage from surface loading 
(i. e. traffic). (Tilley 2008)

Suitability
Conventional gravity sewers require ex-
tensive planning, excavation and expert 
design. They are expensive to build and 
require a well functioning management 
system, as installation of a sewer line is 
disruptive and calls for extensive coordi-
nation among property owners. Conven-

Sewer technologies can be classified 
into three major types: 

Conventional sewerage
Simplified sewerage
Settled sewerage

•
•
•

Example of an unsustainable sewer system – The case of Accra
In 1973, a full waterborne sewer system, covering 1000 ha with 28.5 km of sewers, was in-
stalled by Ghana Water Sewerage Corporation in central Accra with World Bank assistance. 
The system never worked well, as the narrow and winding streets and poor housing and 
plumbing standards predominating in central Accra hindered connection to the system. In 
1997, only 6.5 % of the 2000 available connections were used. (UNEP-IETC 2002)
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tional gravity sewers are only appropriate 
where a centralised treatment facility is 
in place to receive the wastewater, and 
where technical expertise and financial 
means are available to cover operational 
and maintenance costs.

Health Aspects/Acceptance
For sewer users, the technology pro-
vides a very high level of hygiene. How-
ever, because the waste is conveyed to 
an off-site location for treatment, the ul-
timate health impacts are determined by 
the downstream treatment facility. 

Advantages
+ Comfortable, hands-off system with no 

user maintenance 

Disadvantages/Concerns
- Asphalt removal, excavation, resurfacing 

and materials are all expensive

- Installation process is long, slow and  
disruptive to homeowners and traffic

- Requires detailed engineering and  
professional construction

- Problems with water infiltration dur-
ing wet periods or in areas with high 
groundwater tables may compromise  
performance

Simplified sewers

Simplified sewers are laid under sidewalks or in front of backyards and have less stringent design standards.
Simplified sewers are cheaper than other sewers.

Ñ
Ñ

Description
Compared to conventional sewers, the 
term ‘simplified’ describes a sewerage 
system that uses smaller diameter pipes 
laid at a shallower depth and at a flat-
ter gradient. Expensive manholes are re-
placed by simple inspection chambers. 
Each discharge point is connected to 
an inspection and/or baffle  to prevent 
settleable solids and trash from enter-
ing the system. Another key design fea-
ture is that the sewers are laid within the 
property boundaries rather than beneath 
central roads. Since the sewers are con-
sidered more ‘communal’, they are of-
ten referred to as ‘condominial sewers’. 
(Tilley 2008)

Since simplified sewers are laid on or 
around the property of the users, higher 
connection rates can be achieved, few-
er pipes are necessary and less excava-
tion is required, as the pipes will not be 
subject to heavy traffic loads. However, 
this type of system requires careful ne-
gotiations between stakeholders, as de-
sign and maintenance have to be jointly 
coordinated.
All the greywater should be connected to 
the simplified sewer to ensure adequate 
hydraulic loading. Inspection chambers 
are used to attenuate peak discharges 
into the system. Blocks of community-
based simplified sewers may be subse-
quently connected to an existing con-
ventional sewer or routed to a simplified 
sewer main of larger diameter. 

Maintenance
Manholes, installed where there is a 
change in gradient or alignment, are used 
for inspection and cleaning. In fact, sew-
ers can be dangerous and should only be 
maintained by professionals. 

Figure 14: A simplified sewer network. Sewers are laid within property boundaries rather than 
beneath central roads. (Saidi-Sharouze 1994)

Suitability
On rocky ground or in areas with a high 
groundwater table, the excavation of 
trenches for pipes may be difficult. Un-
der these circumstances, the installation 
costs of a sewerage network are signifi-
cantly higher than under favourable con-
ditions. Nevertheless, due to its shallow 
installation depth, a simplified sewer is 
far more adequate than a conventional 
network.

Health Aspects/Acceptance
If constructed and maintained well, sew-
ers are a safe and hygienic means of 
collecting and transporting wastewater. 
Users should be well instructed on the 
health risks associated with maintain-

ing/cleaning blockages and inspection 
chambers.

Upgrading
Household inspection chambers can be 
upgraded to septic tanks to lower the 
amount of solids entering the system.

Maintenance
Cleaning blockages may become a con-
tentious issue between neighbours, as 
it may require the coordination of two or 
more neighbours to determine the cause 
of the blockage. Blockages can usually 
be removed by forcing a rigid and strong 
wire throughout the length of the sewer. 
Inspection chambers must be emptied 



��Sandec Training Tool: Module 4

3 – Systems and Technologies

Solids-free sewer

Solids-free sewers are connected to the outflow of a septic tank.
Solids-free sewers rely on good solids removal in septic or interceptor tanks.

Ñ
Ñ

Description
A solids-free sewer is similar to a simpli-
fied sewer except that the small-diame-
ter pipes are connected to the outflow of 
a septic tank. It is also referred to as sol-
id-free sewer, small-diameter, variable-
grade gravity sewer or septic tank efflu-
ent gravity sewer. (Tilley 2008)
The septic tank removes settleable par-
ticles that may clog small pipes. Due to 
low clogging risks, the sewers do not 
have to be self-cleaning, can be laid at 
shallow depths and can follow the topog-
raphy more closely. The pipes should be 
at least 10 cm in diameter and should al-
low water to flow under gravity. They 
can be laid in shallow trenches and al-
lowed to dip and curve (Figure 15).

Suitability
Solid-free sewers are well suited for are-
as with sensitive groundwater or where 
leaching fields/soak pits are inappropri-
ate. This technology is appropriate in 
growing communities where there is no 
space for on-site infiltration. Small-bore 
systems should be installed in areas with 
a high willingness to pay and with local-
ly available expertise and resources. Us-
ers should have well-maintained septic 
tanks.

Figure 15: A solids-free sewer network along a road. It can convey only the solid-free effluents 
from interceptor or septic tanks. Unlike gravity sewers, it can function with variable gradients. 
(WAWTTAR 2007, <www>)

Advantages

+ Costs are 50−80 % lower than  
conventional sewer systems

+ May be provided to users who are often 
excluded from sanitation schemes

+ Can be extended and adapted to  
community changes and growing  
populations

+ Convenient and aesthetically pleasing

+ Simplified sewers require community  
participation and may generate tem-
porary employment for unskilled and 
skilled construction workers

Disadvantages/Concerns

− Not all parts or materials are available  
locally

− Planning and construction of a sewer  
requires skilled engineers and contrac-
tors

− Organised resource committees must 
be in place to ensure proper use and  
maintenance 

− Since house connections to the collector 
sewers may require the laying of pipes  
inside the houses, the households may 
be inconvenienced

− A simplified sewer requires more  
frequent repair and removal of blockag-
es than a conventional system

periodically to prevent solids from over-
flowing into the system.

Costs
The capital required is dependent on la-
bour, resource and location costs and 
generally amounts to 20−50 % of the 
costs of a conventional sewer system. 
Operational costs are minimal except for 
minor repairs and equipment to dislodge 
the blockages.

Health Aspects/Acceptance
Since the technology requires regular 
maintenance, it is not as passive as 
a conventional system. Users must as-
sume some level of responsibility for the 
sewers and accept some potentially un-
pleasant maintenance. Since the sew-
er network is community-based, users 
will have to work with and/or coordinate 
maintenance activities with other users. 

This technology will provide a high lev-
el of hygiene, and may offer a signifi-
cant improvement over non-functioning 
leaching fields.

Upgrading
Solids-free sewers are good upgrading 
options for leaching fields that have be-
come clogged/saturated with time. They 
are also good options for rapidly growing 
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Advantages
+ Appropriate for densely populated areas 

with no space for a soak pit or leaching 
field

+ Can handle full or partially filled flows

+ Cheaper than conventional network due 
to reduced pipe length, shallow  
excavation and lower material costs

Disadvantages/Concerns
- Design and planning requires experts, 

skilled labourers and some specialised 
materials

areas unable to accommodate more sep-
tic systems with leaching fields.

Maintenance
The associated septic tank must be main-
tained and desludged regularly to ensure 
optimal performance. The risk of pipe 
clogging is low, however, some mainte-
nance is required periodically. Regard-
less of performance, the sewers should 
be flushed once a year.

 
Item Simplified Conventional

Minimum pipe diameter:
• House connection
• Block or street collector
• Collector in solids-free sewerage

Min. �

75 mm
100 mm
50 mm

Min. �

120-150 mm
200-300 mm

---

Gradient of collectors:
• For unsettled wastewater
• For settled wastewater

Continuous
Can be inflective

Continuous
---

Min. gradient
• House connection
• Block or street collector

1 - 2 %
0.6%

2 %
1 %

Minimum velocity 0.3 - 0.5 m/s 0.7 - 0.9 m/s

Sewer layout Usually under backyards
 or sidewalks

Usually underneath street

Peak : average design flow ratio �  2 �  4

Minimum pipe cover 30 cm (no traffic load) � 80 cm (traffic load)

Table 6: Characteristics of simplified and conventional sewers. (Source unknown)

3 – Systems and Technologies

Further questions: technology options 
for conveyance of waste products to 
centralised treatment technologies

What factors influence decision to install 
a sewerage network in a given context?

What are the advantages and disadvan-
tages of sewerage networks compared to 
on-site sanitation?

Ñ

Ñ

Additional info
Tilley, E. et al (2008); Compendium of Sanitation Systems and Technologies (pre-print). 

Swiss Federal Institute of Aquatic Science and Technology (Eawag), Dübendorf, Switzerland. 
Can be ordered: info@sandec.ch

Mara, D. (1996); Low-cost urban sanitation, John Wiley&Sons, Chichester, New York

Mara, D. (1996); Low-cost urban sanitation. Whiley, Chichester, UK.

►

►

Ñ

Item Simplified Conventional
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Figure 16: Cross-section of a subsurface flow constructed wetland planted with phragmites. 
Wastewater flows horizontally through the gravel and sand filter. (Source unknown)

Description
A subsurface flow constructed wetland 
is a bed filled with gravel and planted 
with vegetation (Figure 16). As waste-
water flows through the bed, particles 
are filtered out and organics are degrad-
ed by microbes. The water level is kept 
at 5−15 cm below the surface (subsur-
face flow). The bed should be wide and 
shallow with a wide inlet zone to distrib-
ute the flow evenly. (Tilley 2008)

The bed should be lined with an im-
permeable liner (clay, geotextile) to pre-
vent leaching. Small, round, evenly sized 
gravel (3−32 mm in diameter) should be 
used to fill the bed to a depth of 0.5−1 m. 
Sand is also acceptable but more prone 
to clogging. The filter media acts as a fil-
ter for removing solids, a fixed surface 
upon which bacteria can attach and as 
a base for vegetation. The vegetation 
transfers a small amount of oxygen to 
the root zone so that aerobic bacteria can 
colonise the area and degrade organics. 
However, most organics are degraded by 
facultative and anaerobic bacteria. Path-
ogen removal occurs by natural decay, 
predation and sedimentation.

Any plant with deep, wide roots ca-
pable of growing under the given condi-
tions is appropriate. Phragmites australis 
(reed) is generally considered the best, 
as it forms horizontal rhizomes that pen-
etrate the entire filter depth.

Suitability
Since clogging is the main problem, it is 
important for the influent to first settle 
well and undergo some sort of primary 
treatment. This system is not appropri-

ate for untreated domestic wastewater. 
Since many complex processes are at 
work, there is a significant reduction in 
BOD, solids and pathogens.

Health Aspects/Acceptance
The risk of mosquito breeding is reduced 
for lack of standing water. The system is 
generally aesthetic and can be integrat-
ed into wild areas or parks. Due to the 
risk of infection, contact with the waste 
should be avoided.

Maintenance
With time, the gravel will become 
clogged with accumulated solids and a 
bacterial film. The material may have to 
be replaced every 8−15 years. Mainte-
nance activities should focus on ensur-
ing that primary treatment effectively 
lowers organics and solids concentra-
tion before entering the wetland. Main-
tenance should also ensure that trees do 
not grow in the area, as the roots may 
damage the liner.

Costs
Compared to the free water surface wet-
land, the system is more expensive due 
to the required gravel fill; however, the 
cost may be reduced if the material is ac-
quired locally. Design and construction 
requires skilled technical staff, though 
some unskilled labour is also necessary. 
Plants and liners may substantially add to 
the costs if they are unavailable locally.

3 – Systems and Technologies

3.6 What are the main technology options for (semi-) centralised 
treatment?

Compared to household-centred storage technologies, these treatment technologies are designed to accommodate 
increased volumes of flow and provide, in most cases, improved removal of nutrients, organics and pathogens. 
This chapter focuses on treatment. Some of the technologies can even be used for co-treatment with faecal 
sludge. Two (semi-) centralised treatment technologies are presented hereafter.

Constructed wetlands (horizontal sand filter)

A constructed wetland is a (semi-) centralised technology for treatment of presettled wastewater.
Constructed wetlands are very efficient but require high investment costs, space and specialised knowledge.

Ñ
Ñ

Advantages

+ Takes up less space than a free water 
surface constructed wetland (FWS)

+ Requires almost no maintenance

+ Significant reduction in BOD, suspended 
solids and pathogens

+ For lack of wind, solids are not  
resuspended and the effluent has a low-
er solids concentration

+ No mosquito problem as in a FWS

Disadvantages/Concerns

− Increased costs for gravel fill
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Waste stabilisation ponds (WSP)

WSPs consist in a series of ponds for centralised treatment of (even high-strength) wastewater.
WSPs are very efficient, robust and relatively cheap, however, they require extensive space and specialised 
knowledge.

Ñ
Ñ

Figure 17: Schematic view of a series of waste stabilisation ponds comprising an anaerobic, a 
facultative and two maturation ponds. (Source unknown)

Description
Ponds are large, man-made water bodies 
allowing the wastewater to be treated by 
a naturally occurring process. Different 
types of ponds can be linked in series to 
improve treatment. There are three pond 
types, each with different treatment and 
design characteristics. (Tilley 2008)

Anaerobic pond
An anaerobic pond is a fairly deep, 
man-made lake. The entire depth of 
the pond is anaerobic (i. e. deprived 
of oxygen). The anaerobic bacteria in 
the pond convert organic carbon to 
methane.
Compared to aerobic ponds, anaer-
obic ponds are capable of treating 
strong wastewaters and generate lit-
tle sludge.
Anaerobic ponds should be built only 
to a depth of 5−10 m with a surface 
area allowing for 1−3 m2 per person. 
The pond also has a relatively short 
retention time of up to 7 days.
The aim is to reach a long enough re-
tention time to obtain adequate treat-
ment, but not too long for the liquid to 
ferment.

Facultative pond
A facultative pond is a man-made, me-
dium-deep lake. It is the most versa-
tile and common of the ponds. 
Due to its depth, both aerobic and 
anaerobic processes occur. The top 
layer receives oxygen from natural dif-
fusion and photosynthesis. Depend-
ing on wind mixing, the lower layer 
becomes anoxic or anaerobic. Settle-
able solids accumulate and are digest-
ed at the bottom of the pond. 
It is important to maintain a low 
enough load with a long enough re-
tention time to ensure aerobic con-
ditions on the surface. The differ-
ent aerobic and anaerobic organisms 
work together to attain BOD reduc-
tions of up to 75 %.
The pond should only be 1.5−2.5 m 
deep with a surface area allowing for 
2−4 m2 per person. 

•

•

•

•

•

•

•

•

Figure 18: Organic material in wastewater is broken down by heterotrophic bacteria in aerobic 
(facultative and maturation) ponds. Photosynthetic algae and wind supply the oxygen required for 
this aerobic digestion. (Source unknown)

Maturation (aerobic) pond
A maturation (aerobic) pond is a man-
made shallow lake primarily designed 
for faecal bacterial removal.
The pond should only be 0.3−0.6 m 
deep with a surface area allowing for 
3−7 m2 per person. The pond also has 
a relatively short retention time. 
To prevent leaching, all the ponds 
should be fully lined. The liner can be 
clay, asphalt, compacted earth etc. 
The excavated fill can be used as a 
berm around the pond to protect it 
from runoff, erosion etc.

•

•

•

Dissolved oxygen in both facultative 
and maturation ponds is provided by 
natural wind mixing and photosyn-
thetic algae releasing oxygen into the 
water. Aerobic organisms degrade the 
organic matter in the wastewater.
To allow sunlight to penetrate the 
depth of aerobic ponds (for algal 
growth), they must be kept shallow. 
Because photosynthesis is driven by 
sunlight, the dissolved oxygen levels 
are highest during the day and drop 
off at night.

•

•
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System setup
Typically, anaerobic ponds come first in a 
series of ponds. They are used as a pre-
treatment stage to reduce solids content 
and BOD. Effluent is then transferred to 
a facultative pond, where further BOD is 
removed. Any number of aerobic or mat-
uration ponds may then follow to obtain 
a highly polished effluent.

Use of macrophytes and fish culture
WSPs can be integrated with reuse tech-
nologies for the production of plants 
(e. g. duckweed and water hyacinth). 
These plants proliferate in nitrogen-rich 
environments. Removal of the plants’ 
biomass stimulates plant growth and 
contributes to the removal of nutrients 
from the wastewater. These technolo-
gies, called floating macrophyte ponds, 
may also be combined with fish farm-
ing (Photo 3). Typical macrophyte ponds 
have a potential of 10−40 tons dry bio-
mass production per ha and year in trop-
ical climates (Polprasert 1996). Some 
examples of integrated systems of duck-
weed-based wastewater treatment and 
fish aquaculture are known to recover all 
treatment costs and sometimes even be 
profitable. (v. d. Steen and Gijzen 2003, 
pp. 14)

Suitability
Ponds are among the most common and 
efficient methods of wastewater treat-
ment in both developed and developing 
countries. They are especially appropri-
ate for rural communities with inexpen-
sive, ample space away from homes and 
public land. Due to the absence of indus-
try in rural areas, there is less risk of a 
nutrient overload than in urban centres. 
(Tilley 2008)

Pond technology works in most cli-
mates but is most efficient in warm, sun-
ny regions.

Health Aspects/Acceptance
Since the pond is a large body of patho-
genic wastewater, care should be taken 
not to come into contact with the water. 
Even discharged effluents pose a hazard 
and should be treated accordingly.

Upgrading
Ideally, several aerobic ponds should be 
built in series to provide a high treat-
ment level. A final aquaculture pond can 
be used to generate income and a locally 
grown food source.

Maintenance
It is important to ensure that the pond 
is not used as a garbage dump. A fence 
should thus be installed to keep out peo-
ple and animals. The pond must be des-
ludged once every 10−20 years. Since 
rodents may invade the berm and cause 
damage to the liner, the water level 
can be periodically raised to keep pests 
away.

Costs
The very low capital costs include mainly 
excavation and payment of technical ex-
perts. A good quality liner will, however, 
also increase costs.

Depending on the organic loading 
rates, operating costs are rather low as 
desludging is performed every 10−20 
years.

Photo 3: Harvesting fish from a wastewa-
ter-fed fishpond in Kolkata, India. (Source 
unknown)

Cost recovery via wastewater-grown, 
duckweed-based fish aquaculture in 
Bangladesh
Since 1989, the NGO PRISM has been  
involved in duckweed-based wastewater 
treatment. In 1993, a full-scale system 
for wastewater treatment and duckweed-
based fish culture was installed at  
Kumudini Hospital complex in Mirzapur. 
The treatment unit shows very high  
treatment efficiencies (BOD 96 %, NH4+ 
99 % and Ptot 75 %), yielding a high  
quality effluent. The duckweed is  
harvested regularly and used as fish feed 
in an adjacent fish farm. Revenues  
generated by the fish farm are used to  
recover the wastewater treatment costs 
and sometimes even yield a profit (v. d. 
Steen and Gijzen 2003, pp. 14.)

Advantages

+ A well-designed series of ponds can treat 
high-strength wastewater and achieve  
extremely high quality effluents

+ Generally reliable and well functioning

+ Very inexpensive compared to other  
centralised options

+ Construction can provide short-term  
employment to unskilled labourers

+ Virtually no operation or maintenance

Disadvantages/Concerns

− Not always appropriate in colder climates

− Possibly bad odours if poorly designed

− Requires expert design and supervision

− Requires a lot of space

Further questions: technology options 
for off-site wastewater treatment

What other wastewater treatment  
technologies can be used for the  
co-treatment of faecal sludge?

Under what conditions would it make 
more sense to build a constructed wetland 
rather than a WSP or vice versa?

Ñ

Ñ

Additional info
Tilley, E. et al (2008); Compendium of 

Sanitation Systems and Technologies (pre-
print). Swiss Federal Institute of Aquatic 
Science and Technology (Eawag), Düben-
dorf, Switzerland.  
Can be ordered: info@sandec.ch

►
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3.7 How can wastewater be safely disposed?

Leach fields

A leach field consists of a series of trenches used to disperse solid-free wastewater.
It requires some specialised parts and construction knowledge but hardly any maintenance.

Ñ
Ñ

Two technology options, i.e. leach fields and soak pits, are used for the safe disposal of solid-free wastewater 
(mainly greywater or effluent from septic tanks). Both technologies are based on infiltrating wastewater into 
the ground and using sand, gravel or the natural soil as filter substrate.

Figure 19: The wastewater flow in a household, its pretreatment in a septic tank and leaching of 
the liquid effluent into the field (left). The drainage system comprises several parallel channels 
embedded in gravel (cross-section on the right). (Left: CEP&UNEP 1998, <www>; right: source 
unknown)

Advantages

+ Little, to no, maintenance

+ Can be used for both blackwater and 
greywater

Disadvantages/Concerns

− Requires careful layout, design and  
specialised knowledge

− Requires a large area that may not be 
used for other purposes (e.g. agriculture)

− Requires some specialised parts, which 
may not be locally available

Description
A leach or drainage field comprises a se-
ries of trenches used to disperse the ef-
fluent from a septic tank or other on-site 
technology. The effluent feeds into a dis-
tribution  that directs the flow into sev-
eral parallel channels. Each channel is 
composed of a trench 0.3−1.5 m deep 
and 0.3−1 m wide. The bottom of each 
trench is filled with about 15 cm clean 
rock over which a perforated distribution 
pipe is laid. Additional rock material cov-
ers and completely surrounds the pipe. 
A layer of fabric (to prevent small parti-
cles from clogging the pipe) is placed on 
top of the layer of rock. A final layer of 
sand and/or topsoil covers the fabric and 
fills the trench down to ground level. The 
pipe should be laid at a minimum depth 
of 15 cm from the surface to prevent ef-
fluent from surfacing and to facilitate ox-
ygen transfer into the leaching area.
The trenches should not exceed 20 m in 
length and should be positioned at least 
1−2 m apart from each other.

Suitability
The system is appropriate for spacious 
areas devoid of fast growing trees (oth-
erwise plant roots will encroach upon 
and damage the leaching field). Good, 
porous soil is required to effectively dis-
perse the effluent. To avoid contamina-
tion, a leach field should be located at 
least 20 m from a water supply. 

Health Aspects/Acceptance
Since the technology is located under-
ground and requires virtually no mainte-
nance, it poses little health risks, as us-
ers will rarely come into contact with the 
effluent. The leach field must be kept as 

far away as possible from any potential 
water source to prevent contamination.

Upgrading
A leach field should be laid out in such 
a way as not to interfere with a future 
sewer connection. Space and pipe con-
nections should be planned prior to in-
stallation of the leach field to facilitate a 
changeover if a sewer connection is im-
plemented at a later date.

Maintenance
A leach field becomes clogged with time, 
however, with a well-functioning septic 
tank (i.e. pre-treatment), this should take 
many years to occur. A leaching field 
should require no maintenance; never-
theless, if the system stops working effi-
ciently, the pipes should be removed and 
replaced. To maintain the leaching field 
in good working condition, the immedi-
ate area should be devoid of plants, trees 
or heavy traffic, which could crush the 
pipes or compact the soil.
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Soak pit

A soak pit is a simple technology which allows liquid to infiltrate the soil.Ñ

 Figure 20: Cross-section of a leaching pit (left). The walls should be permeable to allow the 
infiltration of liquids into the surrounding soil. Soak pits are appropriate for both blackwater and 
greywater. (Sources unknown)

Description
A soak pit, also known as soakaway or 
leaching pit, is a covered, porous-walled 
chamber allowing water to slowly soak 
into the ground. Effluent from the septic 
tank is discharged into the underground 
chamber where it slowly infiltrates into 
the surrounding soil. As the water perco-
lates through the soil, small particles are 
filtered out and nutrients are digested by 
microorganisms in the soil. Thus, soak 
pits are best suited for soils with good 
absorptive properties. Clay, hard packed 
or rocky soils are inappropriate for soak 
pits. (Tilley 2008)

The soak pit can either be left empty, 
lined with a porous material or filled with 
coarse rocks and gravel. In both cases, 
a layer of sand and fine gravel should be 
spread across the bottom to help distrib-
ute the flow. The soak pit should be be-
tween 1.5 and 4 m deep, but never less 
than 1.5 m above the groundwater table. 

Suitability
A soak pit should be used to receive 
treated effluent from a septic tank, aqua 
privy, anaerobic filter etc. A soak pit is in-
adequate for treating raw wastewater as 
it will quickly clog. However, a soak pit 
is adequate to receive greywater (water 
from bathing and cooking) as long as it is 
settled and filtered. Soak pits are simple 
to construct and require no specialised 
knowledge or materials.

Health Aspects/Acceptance
As long as the soak pit is not used for 
raw sewage and the septic tank is func-

tioning well, health concerns are mini-
mal. Since the system is located under-
ground, humans and animals will have 
no contact with the effluent. It is very 
important, however, that the soak pit 
is located as far away as possible from 
groundwater sources (at least 15 m). As 
the soak pit is out of sight, it should be 
accepted even by the most sensitive 
communities.

Maintenance
The life of a well-sized soak pit rang-
es between 3 to 5 years without main-

Advantages

+ Low-cost option, which can be built by 
families and communities with locally 
available materials

+ Requires little space

+ Does not require regular maintenance as 
it is virtually hands-off

Disadvantages/Concerns

− Particles and biological activity will  
eventually clog the system, which will 
have to be cleaned or moved

− Inappropriate where the groundwater  
table is high

tenance. To extend its life, care should 
be taken to ensure that the effluent has 
been clarified and/or filtered well to pre-
vent excessive build up of solids. The 
soak pit should also be kept away from 
heavy-traffic areas not to compact the 
soil above and around. As soon as per-
formance of the soak pit drops, the ma-
terial in the soak pit can be excavat-
ed and refilled. To allow future access 
for maintenance, a removable (prefera-
bly concrete) lid should be used to seal 
the pit.

Further questions: safe disposal of 
wastewater

Can leaching fields and soak pits be  
installed in urban areas? What are the  
limits and potential risks?

Ñ

Additional info
Tilley, E. et al (2008); Compendium of 

Sanitation Systems and Technologies (pre-
print). Swiss Federal Institute of Aquatic 
Science and Technology (Eawag), Düben-
dorf, Switzerland. 
Can be ordered: info@sandec.ch

►
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3.8 How can the different waste products be reused safely?

Waste products can be reused in agriculture, aquaculture and biogas plants.
All waste products can be reused if safety guidelines are met.
Waste recycling is practised successfully in many countries.

Ñ
Ñ
Ñ

The different waste products can either 
be disposed of (without benefit) or re-
used for their nutrient content. In either 
case, it is important not to endanger pub-
lic health or pollute the natural environ-
ment.

Priority should always be given to the 
beneficial reuse of waste products. Or-
ganic waste recycling aims at reducing 
pathogen content and reclaiming valua-
ble substances for possible reuse. Valua-
ble nutrients include carbon (C), nitrogen 
(N), phosphorus (P), and other trace ele-
ments. Three main organic waste reuse 
methods are available.

Agricultural reuse
Organic waste can be applied to crops 
as fertiliser or soil conditioner. Howev-
er, direct application of raw waste con-
taining organic forms of nutrients may 
not yield good results, as crops normally 
take up the inorganic forms of nutrients 
such as nitrates and phosphates. Bacte-
rial activities can be used to break down 
complex organic compounds into simple 
organic and inorganic compounds. Com-
posting and aerobic or anaerobic diges-
tion are examples where organic waste 
is stabilised and converted into products 
suitable for agricultural reuse. Use of un-
treated waste is undesirable from a pub-
lic health viewpoint. (Polprasert et al. 
2001, Ch. 1, pp. 5)

Wastewaters can be used to irrigate 
agricultural fields, although appropriate 
precautions should be taken. However, 
to reduce crop contamination and the 
health risk to workers, only waters sub-
ject to secondary treatment (i.e. physi-
cal and biological treatment) should be 
used. Wastewater irrigation supplies wa-
ter to plants through channels or pipes 
which may normally be used to supply 
freshwater or rainwater.

Two types of irrigation systems are 
suitable for effluent reuse from waste-
water systems:

Drip irrigation allows the water to 
slowly drip on or near the root area.
Surface water irrigation routes the 
water overland in a series of dug 
channels or furrows.

1.

2.

To minimise evaporation and contact 
with pathogens, drip irrigation is usually 
the most effective option. Surface irriga-
tion is prone to large losses from evapo-
ration. However, it requires little or no in-
frastructure and may be appropriate in 
some situations.

Crops, such as corn, alfalfa (and oth-
er feed) fibres (cotton), trees, tobacco, 
fruit trees (mangos), and foods requiring 
processing (sugar beet) can generally be 
grown safely with treated effluent. More 
care should be taken when growing fruit 
and vegetables eaten raw (e. g. toma-
toes). Despite safety concerns, irrigation 
with effluent is an effective way of recy-
cling nutrients and water.

Reuse in Aquaculture
In hot climates, there are three main 
types of aquacultural reuse methods of 
organic waste, i. e. production of mi-
cro-algae, aquatic macrophytes and fish. 
Micro-algal production normally uses 
wastewater in high-rate photosynthetic 
ponds. TheAlthough the algal cells pro-
duced during wastewater treatment con-
tain about 50 per cent protein but are 
small (generally less than 10 μm) and 
may be difficult to harvest. Aquatic mac-
rophytes, such as duckweeds, water let-
tuce or water hyacinth grow well in pol-
luted waters. They can be used as animal 
feed or as compost fertiliser. (Polprasert 
et al. 2001, Ch. 1, pp. 6)

In fish culture, there are basically three 
organic waste reuse techniques, i. e. fer-
tilisation of fishponds with human or ani-
mal manure, rearing fish in effluent-ferti-
lised fishponds or rearing fish directly in 
waste stabilisation ponds. Fish farming 
is considered to have a great potential in 
developing countries, as fish can be eas-
ily harvested and has a high market val-
ue. However, to safeguard public health 
in those countries where fish is raised on 
waste, it is essential to maintain good hy-
giene practices at all stages of fish han-
dling and processing, and to ensure that 
fish is consumed only well cooked.

Biogas production
Biogas, a byproduct of anaerobic decom-
position of organic matter, is regarded as 
an alternative source of energy. The bi-
ogas consists mainly of methane (65 %), 
carbon dioxide (30 %) and trace amounts 
of ammonia, hydrogen sulphide, and oth-
er gases. (Polprasert et al. 2001, Ch. 1, 
pp. 5, 6)

The biogas, produced by small-scale 
biogas digesters in individual households 
or farms, is used basically for household 
cooking, heating and lighting. In large 
wastewater treatment plants, biogas is 
generated by the anaerobic digestion of 
sludge and is often used as fuel for boil-
ers and internal combustion engines. 

Reuse guidelines and 
recommendations
Clearly, different standards and treat-
ment parameters should be applied if 
treated waste is used in agriculture or 
discharged into the environment. Hy-
giene-related variables (helminth eggs in 
biosolids and faecal coliforms in waste-
water) and nitrogen are the relevant re-
use criteria. Variables such as COD, BOD 
and NH4 are of prime importance if treat-
ed waste is discharged. (Montangero 
and Strauss 2002, pp. 5)

Advantages of agricultural reuse

+ Great potential for income generation

+ Potential to improve health and self- 
reliance of communities

+ Reduces depletion of groundwater and 
improves availability of drinking water

+ Drip irrigation is especially suited in arid 
and drought-prone areas

+ Reduced need of fertilisers

Disadvantages/Concerns of  
agricultural reuse

− Effluent must be well settled to avoid 
clogging, as system is prone to  
blockages

− Application rate must be adapted to the 
type of soil, crop, climate etc., otherwise 
it could be damaging

− Design and installation may require  
technical know-how
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Table 7 lists reuse options for differ-
ent waste products and recommends 
guidelines for their safe reuse. However, 
the formulation of numerical guidelines 
is highly controversial, since in most eco-
nomically less advanced countries, the 
treatment required to comply with such 
standards is not sustainable, and the 
stringent standards epidemiologically un-
justified. Nonetheless, numerical qual-
ity values can be used to define proc-
ess specifications, however, they do not 
have to be regularly monitored once the 
processes are in place. (Montangero and 
Strauss 2002, pp. 7)

Regulations and guidelines are in-
creasingly based on the risk concept. By 
applying quantitative microbial risk as-
sessments (QMRAs), based partly on 
predictions and assumptions, sanitation 
systems can be evaluated and compared 
with established limits for acceptable 
risks. QMRAs are used to determine the 
degree of pathogen reduction required 
to obtain the admissible additional dis-
ease burden of ≤10−6 DALY per person 
per year. Thus, the parameters in the 
new WHO guidelines are given in “log10 
pathogen reduction needed”. For further 
information, consult the WHO guidelines 
for the safe reuse of wastewater, excre-
ta and greywater. (WHO 2006, Vol. 4 
pp. 59)

Recommendations for agricultural re-
use of urine:

For vegetables, fruit and root crops 
consumed raw, a one-month storage 
period should always be observed.
In areas where Schistosoma haemato-
bium is endemic, urine should not be 
used near freshwater bodies.
Direct use after collection or a short 
storage time is acceptable at the sin-
gle household level.
For larger systems, urine should be 
stored for some time and under the 
conditions given in the previous table.
In the event of frequent faecal cross-
contamination, further, more strin-
gent recommendations may be ap-
plied at local level.
When applying urine, precautions 
should be taken when handling poten-
tially infectious material. These pre-
cautions could, inter alia, include the 
wearing of gloves and thorough hand-
washing.
Urine should be applied using close-
to-the-ground fertilising techniques 
that hinder aerosol formation.

•

•

•

•

•

•

•

Waste product Reuse Application Guidelines

Urine1.) Irrigation of food and 
fodder crops to be 
processed

≥1 month  
storage (4° C)

Irrigation of food and 
fodder crops to be 
processed, fodder 
crops unprocessed

≥6 month  
storage (4° C)

or ≥1 month  
storage (20° C)

Irrigation of all crops ≥6 month  
storage (20° C)

Treated  

wastewater2.)

Unrestricted  
irrigation

≤10−100

EC/100 ml
<1 helminth 

eggs/l

Restricted irrigation ≤105−103

EC/100 ml
<1 helminth 

eggs/l

Localised irrigation ≤106−105

EC/100 ml 
<1 helminth 

eggs/l

Greywater3.) Unrestricted  
irrigation

<105−106

EC/100 ml
<1 helminth 

eggs/l

Restricted irrigation <104−103

EC/100 ml
<1 helminth 

eggs/l

Excreta  

(untreated FS)

Agriculture (soil 
conditioner) 3.)

<103 EC/g total 
solids

helminth eggs/
g total solids

Aquaculture4.) ≤10-6 EC/100 ml ≤1 helminth 
eggs/l

No detectable 
trematode 

eggs

Table 7: Numerical guidelines for agricultural or aquacultural waste reuse. (WHO 2006, 1.) Vol. 4, 
pp. 70; 2.) Vol. 2, pp. 60, 70; 3.) Vol. 4, pp. 63; 4.) Vol. 3, p. 41)

Urine should be incorporated into the 
soil. This is best done mechanically or 
by subsequent application of irrigation 
water. (WHO 2006, Vol. 4, pp. 70)

Recommendations for agricultural 
wastewater reuse:

Use of drip irrigation can significant-
ly reduce contamination of root crops 
and leafy vegetables growing just 
above ground, especially crops not in 
contact with the soil (e. g. tomatoes).
Use of spray irrigation systems can 
also reduce crop contamination. How-
ever, a buffer zone of 50−100 m to 
residents should be maintained.
An increase in the period between ir-
rigation and consumption will reduce 
crop contamination (0.5−2 log units/
d).
Washing, disinfecting, peeling, and 
cooking of fruit, crops or vegetables 
effectively reduce the health risk to 
consumers. (WHO 2006, Vol. 2, pp. 
64)

Recommendations for wastewater re-
use in aquaculture:

Using protective equipment, such as 
gloves and boots.
Limiting access to waste-fed aquacul-
tural facilities.

•

•

•

•

•

•

•

Providing access to safe drinking wa-
ter and adequate sanitation facilities 
for workers and local communities.
Practising good personal hygiene. 
(WHO 2006, Vol. 3, pp. 43)

Recommendations for agricultural 
greywater reuse:

Direct reuse of untreated greywater in 
irrigation is not recommended. Irrigat-
ed greywater should undergo at least 
primary treatment (e. g. septic tank).
Irrigated soil can act as a natural sec-
ondary treatment step. (Morel and Di-
ener 2006, pp. 85, 86)

Recommendations for agricultural ex-
creta reuse:

Excreta and faecal sludge should be 
treated prior to their use as fertiliser, 
and the treatment methods should be 
validated.
Equipment used for example when 
transporting unsanitised faeces 
should not be used for the treated 
(sanitised) product.
Precautions with the handling of po-
tentially infectious material should be 
taken when applying faeces to the 
soil. These precautions include per-
sonal protection, hygiene and hand-
washing.

•

•

•

•

•

•

•

3 – Systems and Technologies



��Sandec Training Tool: Module 4

Further questions
How can the actual population risk of 

wastewater reuse be calculated?

What are the pros and cons of numeric 
vs risk-based guidelines?

What governmental steps should be  
taken to minimise the risk of waste reuse 
and increase its profits?

Ñ

Ñ

Ñ

Additional info
WHO (2006); WHO guidelines for the 

safe use of wastewater, excreta and grey-
water; Geneva, Switzerland. Download 
availiable on the Sandec Training Tool 
CD and from the Internet (last accessed 
04.04.08): www.who.int/water_sanitation_
health/wastewater/gsuww/en/index.html

Ñ

Treated excreta and faecal sludge 
should be worked into the soil as soon 
as possible and not left on the soil 
surface.
Inappropriately sanitised excreta or 
faecal sludge should not be used for 
vegetables, fruit or root crops con-
sumed raw, except for fruit trees.
A storage period of at least one month 
should be applied for treated excreta 
and faecal sludge. (WHO 2006, Vol. 
4, pp. 67)

Feasibility and social acceptance of 
waste recycling
Feasibility of a waste recycling scheme 
depends not only on technical aspects 
but also on social, cultural, public health, 
and institutional considerations. Although 
waste recycling has been practised suc-
cessfully in many countries (both devel-
oped and developing), a large number 
of people still do not understand or are 

•

•

•

not aware of the benefits gained by such 
waste recycling schemes. Waste recy-
cling should not only aim at producing 
food or energy; the cost-effectiveness of 
a waste recycling scheme, such as the 
unquantifiable benefits gained from pol-
lution control and public health improve-
ment, should also be taken into consid-
eration.

Since the success of any programme 
is greatly dependent on public accept-
ance, the communities and people con-
cerned should be made aware of the im-
plemented waste recycling programmes, 
including their processes, benefits and 
drawbacks. So far, assessments of pub-
lic acceptance of waste reuse schemes 
have rarely been conducted in develop-
ing countries. 

Institutional support and cooperation 
from various government agencies in 
promoting, training and maintenance/
monitoring of waste recycling schemes 

3.9 How to proceed when designing a sanitation system?

A sanitation system has to manage all the waste products generated.
Waste products should be processed from “from cradle to grave”.
Appropriate systems and technologies have to be identified based on technical, social, economic, and resource 
aspects.
The most site-specific system option has to be selected on a case-to-case basis.

Ñ
Ñ
Ñ

Ñ

A detailed description of how to plan 
a sanitation programme is provided in 
Module 7 of this Training tool “Plan-
ning of Sanitation Systems”. The present 
chapter focuses only on the actual selec-
tion of the most appropriate system and 
technologies based on local needs, de-
mands and habits. Furthermore, the san-
itation system should be designed using 
the existing infrastructure.

A system is a set of technologies, 
each processing the products until they 
are ultimately disposed of. In other 
words, processing all the waste products 
“from cradle to grave” should be consid-
ered. Here, eight different treatment sys-
tems are defined, each of which contains 
multiple technologies that can be linked 
to form an effective system.

Though the system templates (i. e. 
groups of processes and products) are 

3 – Systems and Technologies

Figure 21: Main processing steps of a sanitation system and its technology options. Only certain 
technological combinations using different processes will lead to a functional sanitation system. 
(Modified from: Tilley 2008)

are also essential for their successful im-
plementation. (Polprasert et al. 2001, Ch. 
1, pp. 13)
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Further questions
How can stormwater management be 

integrated into the systems presented 
here?

Who should choose the technology  
options and based on what criteria?

Ñ

Ñ

3.10 Presentation and discussion of system examples

As illustrative introduction to the use of the Compendium, the following three sanitation systems are presented 
and discussed. (Tilley 2008)

Example 1: Waterless system with urine diversion

The user interface(s) in this system 
generate(s) two different products: fae-
ces and urine. Thus, each product must 
be treated separately with its own appro-
priate technologies and processes. 

Faeces are stored in a double dehy-
dration vault where they dehydrate. In 
the absence of moisture, organisms can-
not grow and, thus, smells are minimised 
and pathogens destroyed. By using two 
vaults, the faeces are allowed to dehy-
drate and become sanitised, while allow-
ing the system to remain in use. 

Urine can either be collected in a 
bucket for later discharge on the ground 
or a garden, or it is stored in a tank for 
future transport. It is generally accept-
ed that if urine is stored for at least one 
month, it will be safe for agricultural re-
use.

Since a sanitation system must deal 
with all the generated waste products, 
an adequate reuse solution must also be 
found for greywater – an often forgotten 
resource. Greywater should not be add-
ed to the double dehydration vault where 
the faeces are being dried, nor should it 
be added to urine. In most cases, it is 
conveyed by drains or sewers and finally 
treated centrally, although many technol-

ogies exist for the beneficial use of grey-
water at the household level.

For both urine and faeces there is no 
technology option required at the ‘Treat-
ment’ process step: the arrows indicate 
that after ‘Conveyance’, ‘Reuse and Dis-
posal’ is the next process step required.

In this system, the different process-
ing steps do not offer any technology 
choices. If the Compendium user does 
not like the technology options associ-
ated with this system, he/she should 
select a different system, since it is not 
possible to substitute or rearrange the 
technology options in a given system.

3 – Systems and Technologies

Figure 22: Flow scheme illustrating waste processing in a dry sanitation system with urine sepa-
ration and final application of all products. (Modified from Tilley 2008)

predefined, the exact system and fa-
voured technologies still have to be se-
lected from among the options provid-
ed. The choice is context-specific and 
should be made on the basis of the lo-
cal environment, culture and resources. 
Despite the different technology options 
available, a comprehensive study of the 
specific situation is necessary prior to 
making the final decision. (Tilley 2008).

The steps required when selecting a 
site-specific system:

Identify the types of products gener-
ated or those the stakeholders would 
be willing to generate (e.g. separat-
ed urine).
Select the most feasible systems, i. e. 
the systems that include the appro-
priate products and number of proc-

1.

2.

ess steps the stakeholders would be 
willing to operate and maintain.
Select the specific technologies for 
each product for each process in 
each of the systems identified.
Select one of the systems based on 
the social, economic and resource as-
pects of the associated technologies.

Although greywater and stormwater 
management forms an essential part 
of sanitation, this document is prima-
rily concerned with systems and tech-
nologies related directly to excreta. A 
more detailed and holistic approach is 
described in the Compendium compiled 
by Tilley (2008). Refer to Morel and Di-
ener (2006) for a more comprehensive 
summary dedicated to greywater tech-
nologies.

3.

4.

Additional info
Tilley, E. et al (2008); Compendium of 

Sanitation Systems and Technologies (pre-
print). Swiss Federal Institute of Aquatic 
Science and Technology (Eawag), Düben-
dorf, Switzerland.  
Can be ordered: info@sandec.ch

►
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When the Pour-Flush toilet (or pan) is 
connected to double pits, the blackwater 
generated is stored and treated onsite- 
there is no need to convey the blackwa-
ter to a semi-centralised treatment tech-
nology.

While one pit is being filled, the oth-
er full pit is resting. The water leaches 
into and is absorbed by the surrounding 
soil. Within 1−2 years, the blackwater 
is transformed into an inoffensive, safe, 
soil-like material that can be excavated 
manually. 

As this material can be added locally 
to compost heaps, conveyance and cen-
tral treatment processes are not neces-
sary and, therefore, not displayed in the 
graphic. Three to four months of com-
posting are usually sufficient to produce 
compost safe for handling. However, 12 
months are recommended to produce an 
entirely safe product. 

Depending on its volume, greywater 
can be added to the double pit system 
where it infiltrates in the soil. If not dis-
posed of locally, greywater must be con-
veyed and treated centrally.

Example 2: Water-based, alternating double pit

Figure 23: Flow scheme illustrating waste processing in a water-based sanitation system with 
alternating double pits and final application of all products. (Modified from Tilley 2008)

3 – Systems and Technologies

Example 3: (Semi-) centralised blackwater treatment system

Figure 24: Flow scheme illustrating waste processing in a water-based (wet) sanitation system 
with off-site treatment and final application of all products. (Modified from Tilley 2008)

This system is characterized by the use 
of a water-based user interfaces: the 
pour-flush or the cistern-flush toilet. In 
either case, blackwater is produced a 
collection and storage/treatment tech-
nology is used to remove solids and par-
tially treat the effluent.

The effluent wastewater is then con-
veyed either by a solids-free or a simpli-
fied sewer to a (semi-) centralised treat-
ment technology. The faecal sludge that 
is generated should be treated in an ap-
propriate technology like a planted dry-
ing bed.

Treated faecal sludge can be reused 
as soil conditioner in agriculture, applied 
to fields or disposed of where appropri-
ate.

Greywater should be added to the 
sewer system to improve flow, although 
where there is a need for recycled water 
it may be treated and re-used onsite. 

This example shows how one feasible 
system configuration can offer a large va-
riety of technology combinations, which 
must be evaluated on a case-to-case ba-
sis in order to select the most appropri-

ate. When selecting the most adequate 
system, technical, physical, economical, 
institutional, and socio-cultural criteria 
should also be considered (Chapter 4).
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Photo 4: Construction of an emergency latrine. (Harvey 2007, <www>)

Where indiscriminate open defecation 
is practised, the first step in excreta dis-
posal is to provide designated defeca-
tion sites and remove the scattered fae-
ces. This is an unpleasant task and, in 
some cultures, it may be especially dif-
ficult to find willing and suitable person-
nel. However, it is essential to minimise 
the spread of faecal-oral disease. Fae-
ces can be covered with lime and should 
be removed to a safe disposal site such 
as a pit. Workers must be provided with 
appropriate tools and protective clothing 
(Harvey et al. 2002, pp. 63). The popu-
lation must be discouraged from def-
ecating in or close to streams, ponds, 
any other water source or on cultivated 
fields.

Structures dealing with excreta will 
have to be provided. Since it is gener-
ally not possible to construct adequate 
structures in sufficient numbers straight 
away, the situation has to be improved 
gradually. (Harvey et al. 2002, pp. 66)

Figure 25: Graphic illustration of an open defecation field accessible only strip-by-strip and sepa-
rated according to gender. (Harvey et al. 2002, pp. 64)

3.11 What immediate sanitation measures should be taken in 
case of emergency?

In emergency situations, immediate sanitation measures and technologies are available that would other-
wise not be recommended in normal situations.
The technologies and service coverage is then improved incrementally step by step.

Ñ

Ñ

Advantages

+ Implemented rapidly

+ Minimal resources required

+ Minimises indiscriminate open defeca-
tion

Disadvantages/Concerns:

− Lack of user privacy

− Considerable space required

− Difficult to manage

− Potential for cross-contamination of us-
ers

− More suitable for hot dry climates

3 – Systems and Technologies

Open defecation field
In the initial stages of an emergency, areas where people can defecate, rather than where they cannot, should be provided 

straight away. These should be located where excreta cannot contaminate the food chain or water sources. Open areas or fields 
surrounded by screens may be set up with segregated sites for each gender. The population should be encouraged to use one 
strip of land at a time, and the areas must be clearly marked. Internal partitions can also provide more privacy and encourage great-
er use.

Implementation of sanitation struc-
tures (in order of low preference (easily 
installed) to high preference (more de-
manding to install):

Open defecation fields
Trench defecation fields
Communal trench latrines
Communal pit or borehole latrines
Household pit latrines

•
•
•
•
•
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Advantages

+ Implemented rapidly

+ Faeces can be covered easily with soil

Disadvantages/Concerns

− Limited privacy

− Short life-span

− Considerable space required

Figure 27: Graphic illustration of a simple construction with bucket latrines. (Source unknown)

Shallow trench latrines
Open defecation fields can be easily improved by providing shallow trenches for people to defecate. This allows users to cover 

faeces, improves the overall hygiene and enhances convenience of an open defecation system. Trenches need only be 20−30 cm 
wide and 15 cm deep. Shovels may be provided to allow each user to cover the excreta with soil.

Advantages

+ Containers are readily available and  
transported

+ Can be used in flooded areas

Disadvantages/Concerns

− Disposal system has to be constructed

− Many users reject the method

− Large quantity of containers and  
disinfectant

− Extensive training on final disposal

− Containers may be used for alternative 
purposes

Upgrading emergency sanitation 
infrastructure
The structures will gradually have to be 
improved from e. g. a defecation field 
to communal pit latrines and finally to 
household pit latrines. Initially, one la-
trine or one meter of trench per 50−100 
users must be installed. However, this 
system must be improved to one latrine 
per 20 users as soon as possible. When 
installing emergency sanitation struc-
tures, the following points should be 
considered:

In communal structures, cleaning 
and maintenance staff must be em-
ployed.
In communal structures, gender sepa-
ration and the issue of safety to wom-
en must be addressed.

•

•

Public latrines must be installed in 
public places.
All structures require a water source 
for hand-washing, anal cleansing, 
cleaning of the structure, and flush-
ing.
The latrines should be technically 
sound and acceptable to all users. 
Latrines should, if possible, not be 
further away than 50 meters from 
the dwellings, and the water sources 
used for drinking should not endanger 
sanitation structures.
Anal cleansing material should be sup-
plied. In defecation fields, soil to cov-
er faeces may have to be provided.

•

•

•

•

•

Further questions
What are the particular challenges of 

sanitation projects in disaster areas?

What are the likely technology options 
for sanitation infrastructure in flooded  
areas?

Ñ

Ñ

Additional info
Tilley, E. et al (2008); Compendium of 

Sanitation Systems and Technologies (pre-
print). Swiss Federal Institute of Aquatic 
Science and Technology (Eawag), Düben-
dorf, Switzerland.  
Can be ordered: info@sandec.ch

►

Figure 26: Graphic illustration of field with shallow trench latrines. (Harvey et al. 2002, pp. 65)

Bucket/Container latrines
In areas with limited space, buckets or containers may be provided for people to defecate. These should have tight-fitting lids 

and should be emptied at least daily. Disinfectant may be added to reduce contamination risk and odour. Containers can be emp-
tied into a sewerage system, a landfill site or waste stabilisation ponds. Since this measure is only appropriate where no other im-
mediate sanitation options are available, and where users find the method acceptable, its use is not widespread. (Rottie and Ince 
2003, pp. 271)
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4 – Non-technical Aspects

4.1 What technical and physical criteria are required when  
designing a sanitation system?

Space is a key criterion in the selection of both storage and treatment technologies.
Availability of water may influence the choice of off-site or rather on-site technologies.

Ñ
Ñ

Availability of space
In urban areas, small plot size is fre-
quently given as a reason for discount-
ing the use of pit latrines. The evidence 
shows, however, that in most low-in-
come housing areas this is not a valid 
reason. A pit latrine requires little more 
than one square meter of land, and even 
the most densely populated areas usu-
ally have that much land available on the 
plot outside the house. If the property 
has sufficient land to construct a toilet 
room, then it has enough room for a pit 
latrine, as the pit is constructed beneath 
the toilet.

In many parts of Asia, pour-flush la-
trines are constructed with the pit right 
outside the property. The toilet is locat-
ed adjacent to the boundary wall and 
connected to a pit or pits built under the 
footpath immediately outside. Construct-
ing a pit latrine inside the house is not al-
ways recommended, however, there are 
examples of well-functioning indoor pit 
latrines; in Lamu (Kenya) they have been 
in use for hundreds of years. Pour-flush 
latrines are particularly suitable to meet 
the demand for low-cost indoor latrines, 
and can even be implemented in multi-
storey buildings.

In rural areas, the emptying of a pit 
latrine is not necessary. Sufficient land 
is usually available for construction of 
a new pit when the others are full (i.e. 
when the contents are within half a me-
ter from the surface). In urban areas with 
land scarcity or with specifically unsuit-
able soil conditions, pit latrines will usu-
ally require emptying. Pits to be emptied 
must be made of more durable materi-
al, and the pit itself must be fully lined to 
withstand the suction forces.

When selecting an appropriate option 
for pit or tank emptying, space and ac-
cess are crucial factors. Vacuum tank-
ers are frequently unable to negotiate 
the narrow roads and alleys of urban 
slums. The alternative is manual empty-
ing, which is common practice in many 
parts of the world, though not recom-
mended. (DFID 1998, Ch. 2.7, pp. 182)

Groundwater level and 
contamination
With a seasonally high groundwater ta-
ble, a raised latrine may be the most ap-
propriate on-site sanitation option. The 
pit should be dug at the end of the dry 
season to maximise the available depth 
of unsaturated soil to be excavated. In ar-
eas with a recurring high groundwater ta-
ble, this may be as little as 1−3 meters. 
(Sarah Parry-Jones 1999)

Potential groundwater pollution is a 
common argument against pit latrines. 
However, about two meters or so of 
sand or loam (i. e. the flowpath) is all that 
is required to remove, virtually all bacte-
ria, viruses and faecal organisms. (Cot-
ton et al. 1995, pp. 24)

Provided a pit latrine is located more 
than ten metres horizontally from a 
groundwater source, such as a spring or 
well, there is little chance of source pol-
lution. Even if technical advisers identify 
a potential cross-contamination, it will of-
ten be more economic to find an alterna-
tive water source than to opt for a more 
expensive sewered alternative to a pit la-
trine. (DFID 1998, Ch. 2.7, pp. 183)

Water availability
Most sewer systems are major users 

of precious potable water – a factor to be 
considered when implementing them, 
especially in water scarce areas. Pota-
ble water is usually supplied to the house 
and used for flushing toilets – as much as 
40 per cent of household water is used 
for this purpose. In some countries, dual-
supply systems use non-potable water 
(often seawater) for toilet flushing. How-
ever, such systems require more com-
plicated infrastructure and are obviously 
more capital cost intensive. (DFID 1998, 
Ch. 2.7, pp. 173)

Climate
Temperature, rainfall and sunlight are im-
portant climatic factors influencing the 
choice of sanitation technologies. 

Some technologies work best in trop-
ical climates. All pond and wetland sys-
tems, for example, work best in hot 
and humid conditions, as high temper-
atures increase plant growth and bio-
logical activity. Humidity and abundant 
rainfall prevent the ponds from drying 
out. Furthermore, facultative and matu-

Photo 5: Flooded yard in china. High groundwater table hinder the infiltration of liquids into the 
ground and thus influence the design of e.g. pits. (Sandec 2000, Nam Dinh, Vietnam)
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Frequent tropical rainfall often be-
comes a key selection criterion for im-
plementing collection and storage tech-
nologies. If pits are flooded, they may 
either backup (overflow) or the absorp-
tive capacity of the soil may be reduced, 
thus reducing the life span of the pit. In 
such cases, it is better to build latrines 
in elevated positions and to seal the pit 
structure to prevent stormwater from in-
filtrating.

Ground conditions
Where the ground is rocky or the ground-
water table is high, excavation of trench-
es for sewerage pipes may be difficult. 
Under these circumstances, the cost of 
installing a sewerage system is signifi-
cantly higher than under favourable con-
ditions. Regardless, simplified sewer-
age is more adequate than conventional 
sewers due to the shallow installation 
depth. To maintain the required hydraulic 
conditions, conventional gravity sewers 
must be dug deep: between 2−3 m. The 
depth is also required to prevent damage 
from surface loading (i. e. traffic). (Tilley 
2008)

ration ponds depend on sufficient sun-
light, which supplies the energy required 
for algal growth and thus provides oxy-
gen to the pond for aerobic digestion. 
Aquaculture (i. e. the cultivation of fish or 
plants in wastewater) is most effective in 
warm climates where temperatures do 
not drop below 0 °C. 

Anaerobic digesters function best 
at temperatures above 10 °C. Since the 
gases, generated by anaerobic diges-
tion, are responsible for mixing the slur-
ry, low temperatures slow down diges-
tion, which affects mixing, and therefore 
makes the system less efficient.

Dehydration vaults depend on warm, 
dry conditions, as these accelerate the 
dehydration process.

All the technologies described are ei-
ther inefficient or cease to work at tem-
peratures below 0 °C. In some climates 
(e. g. Canada) with a warm and a cold 
season, some technologies, such as 
waste stabilisation ponds, must since 
they remain dormant (frozen) during win-
ter and operational during summer; their 
hydraulic retention time and loading rate 
must be adjusted accordingly.

Further questions
What other physical criteria influence 

the design of sanitation systems?
Ñ

Additional info
DFID Guidance Manual on Water Supply 

and Sanitation Programmes (1998);  
London School of Hygiene & Tropical  
Medicine (LSHTM) and Water, Engineering 
and Development Centre (WEDC),  
Loughborough University, UK. www.lboro.
ac.uk/well/resources/Publications/guid-
ance-manual/ (last accessed 04.04.08)

Download available on the CD of Sandec’s 
Training Tool and from the Internet.

Ñ

4.2 What socio-cultural aspects do you have to consider when  
designing a sanitation system?

Socio-cultural aspects are often neglected although they strongly influence acceptance of the sanitation 
infrastructure by the local population.
Factors such as cleansing material and posture are highly site-specific and influence the user interface.

Ñ

Ñ

Clear differences in attitude towards the 
use of sanitation facilities and handling of 
excreta prevail among the different cul-
tural groups. These attitudes are based 
on religious or cultural beliefs, gender or 
generational differences. Hence, sanita-
tion facilities and their management have 
to fit the ‘socio-cultural’ context; plan-
ners need to understand these attitudes 
when designing and implementing sani-
tation projects.

However, selecting the most appropri-
ate socio-cultural sanitation option does 
not automatically mean success. For ex-
ample, when people migrate to urban ar-
eas they must adapt to living in a more 
densely populated environment where 
poor sanitation can lead to a much great-
er risk of infection from pathogens than 
in rural areas. It is therefore important to 
bear in mind that in most cases it will be 
necessary to train people in the correct 

use of the new facilities to ensure the 
use of best hygiene practices. (WASTE, 
<www>) 

Posture
During defecation, some people prefer to 
sit, others to squat. Although there is a 
good physiological argument in favour of 
squatting (better evacuation of faeces), 
life is too short to persuade “sitters” 
to become “squatters”. Those who sit 
should simply be provided with pedes-
tal seat units, and those who squat with 
squat-pans. (Duncan 1996, pp. 166)

Cleansing Material
Some people use water for anal cleans-
ing; others prefer paper or other materi-
al. Anal cleansing with water requires a 
continuous source of water; this is usu-
ally not a problem in households with an 
on-plot water supply but, for those rely-

Figure 28: Those who prefer to squat during 
defecation should not be provided with pedes-
tal seat units! (Duncan 1996, pp. 167)

4 – Non-technical Aspects
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Cultural considerations when  
locating toilets and selecting plots in  
India.
A slum area in Vijayawada, Andhra 
Pradesh, India, had been upgraded; how-
ever, the community was not using the 
new toilets provided on the house plot. 
This was not immediately apparent to out-
siders, however, when a local woman  
resident was asked by a native Telegu  
speaker, the local language, if there were 
any problems with the recent develop-
ments, she explained that most of the  
residents had not been using the toilets 
provided. The reason she gave was that 
the toilets had been placed on the north-
eastern corner of the house plots, which, 
according to Hindu astrology, is a bad place 
to locate toilets. The northeast corner is 
reserved for the water source, the prayer 
room or the main door. Toilets should be 
located in the south corner of the plot. This 
is why many residents were not using the 
toilets provided and went to the edge of 
the upgraded area to defecate in the open. 
(House and Reed 1997)

ing on a hand-carried water supply (e. g. 
from a public standpipe or well), arrange-
ments should be made for a suitably 
sized water storage vessel to be locat-
ed in or near the latrine. Wipers need ac-
cess to a supply of cheap toilet paper or 
their latrines must be compatible with al-
ternative anal cleansing materials. Bulky 
materials, such as corncobs, are not 
compatible with pour-flush toilets. An 
easily cleaned receptacle must be pro-
vided for the disposal of the contaminat-
ed material. (Duncan 1996, pp. 166)

Privacy
Since everyone prefers to use a latrine 
or toilet in private, the system must en-
sure privacy. If the latrine has a door, it 
should extend right down to the floor, 
as some societies do not like their feet 
to be seen from the outside. People, es-
pecially women, may also feel their pri-
vacy compromised if seen going to the 
latrine, for example when carrying wa-
ter or leaves for anal cleansing. (Duncan 
1996, pp. 165,166)

Gender
It is important to identify gender con-
straints. Household-level latrines are 
generally acceptable to all users, how-
ever, compound-level latrines may pose 
a gender problem, especially if sever-
al unrelated families live in the same 
compound. In some societies, female 
members of one family may not use the 
same latrine as the males: for example, 
a daughter reaching puberty may not be 
allowed to, or may prefer not to, use the 
same latrine as her father. Similarly, a 
husband may not allow his mother-in-law 
to defecate in the same latrine.
Another gender aspect of importance 
is to ascertain what women use to ab-
sorb menstrual blood and whether this 
is disposed of in the latrine; if it is, then 
the system must be able to cope with it. 
(Duncan 1996, pp. 167,168)

Age
Small children are often discouraged 
from using the same facility as older 
members of the family or community for 
fear of dirtying it. Children should there-
fore be properly toilet-trained. Since chil-
dren are more susceptible to excreted in-
fections and also since their faeces are 
often more pathogenic, they should be 
disposed of properly, they should in fact 
be disposed of with special care. (Dun-
can 1996, pp. 168)

Orientation
Orientation of the body during defeca-
tion may also be important. For exam-
ple, Muslims generally do not defecate 
facing Mecca or have their backside to-
wards Mecca. (Duncan 1996, pp. 166)

Photo 6: A public toilet providing very limited privacy to its users. (Sandec 2001, Sideng/Shaxi, 
China)

Further questions
How can socio-cultural aspects be  

assessed? 

What are the challenges of working in a 
heterogeneous community?

What can be done when technical and 
socio-cultural factors are contradictory?

Ñ

Ñ

Ñ

Additional info
Duncan M. (1996); Low-cost urban  

sanitation, John Wiley&Sons, Chichester, 
New York.

Ñ
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4.3 What political and institutional aspects do you have to  
consider when designing a sanitation system?

It is important to be familiar with the local regulatory framework.
Political will and support is absolutely necessary to create an enabling environment.
Unclear responsibilities and bureaucratic processes can significantly delay sanitation programmes.
In a sanitation programme, the roles of the different stakeholders have to be clearly defined. 

Ñ
Ñ
Ñ
Ñ

Pay-and-use in India
Over the last 35 years, the NGO “Sulabh 
International” has successfully applied the 
public latrine model of pay-and-use in India. 
About ten million people are using these 
public toilets everyday. They are, popularly 
known as Sulabh Complexes with bathing, 
laundry and toilet facilities.

The Sulabh Experience – Success and 
Risks (Sandhya Venkatshwaran)
A key operational aspect of Sulabh is its 
entrepreneurial approach, which deviates 
from the traditional norms of agencies 
working in the social field. Sulabh has  
responded to the market without any fear 
of competition. This approach has  
obliviated the need for dependence on  
external grants and made Sulabh a self- 
financed organisation.
Critics have, however, raised their  
concern about an inevitable shift in focus 
from people to monetary issues. An entre-
preneurial approach induces to exploitation 
and harassment for monetary reasons, for 
which Sulabh is currently being accused. In 
future, Sulabh will therefore practise  
increased community involvement. (Sulabh 
International, <www>)

Regulations and standards
There are many different systems for 
controlling the release of wastewater in 
to the environment. One such system 
that is common in North America and Eu-
rope is a permit system: when used wa-
ter or wastewater is discharged into the 
environment, a permit is issued which 
describes, quantitatively, the wastewater 
that can be discharged. Parameters that 
may be described include the amount of 
water to be discharged (volume), the pa-
rameters to be monitored (e. g. BOD, to-
tal phosphate etc.) and their monitor-
ing frequency (weekly, monthly etc.). All 
these factors will be based on the type 
of water body into which the water is be-
ing discharged (i. e. recreational, ocean 
etc.). In many developing countries, such 
a permit system may not exist or if it 
does it may not be enforced. Household 
and community-based sanitations sys-
tems are generally beyond the scope of 
most regulations. However, their grow-
ing number will also increase the likeli-
ness of regulations and standards being 
introduced.

Organisational setup and 
responsibilities
The success of any sanitation pro-
gramme greatly depends on the exist-
ence of a functional organisational set-
up of sanitation stakeholders with clearly 
defined responsibilities.

In general, three types of organisa-
tions manage and organise sanitation 
systems: private organisations, which 
run the businesses at a profit; public util-
ity companies, financed by public funds 
(taxes) and operating at a loss or on 
a cost-recovery basis; and community 
groups or individuals who operate and 
maintain a sanitation system without any 
external funds.

Private companies have recently 
emerged as an alternative to state-run 
utilities, which are sometimes inefficient 
and financially unsustainable. They have, 
however, been criticised for catering only 
to customers who can pay. They do not 

provide equitable services nor invest in 
infrastructure. On the other hand, public 
utilities are often overburdened and un-
derfunded. Although they have a man-
date to provide services to all inhabitants 
of an area, the need for cost recovery 
and the sheer volume of work make 
these institutions appear inefficient and 
obsolete. To fill these service gaps, com-
munity groups, NGOs, homeowners, 
and citizens groups have begun to organ-
ise themselves and provide their servic-
es, often with little or no input from gov-
ernment institutions. These groups are 
solely responsible for operation, mainte-
nance and upkeep of their own facilities.

Political will and support
A supportive political environment is es-
sential for the successful implementa-
tion of a sanitation programme, espe-
cially when departing from conventional 
methods. In reality, most governments 
tend to sacrifice environmental concerns 
for other fiscal priorities. Furthermore, 
political and administrative preferences 
lean heavily towards large-scale, central-
ised wastewater and sewerage systems. 
(Sasse 1998, pp. 26, 27)

An overarching vision and political will 
at the highest level, taking on the chal-
lenges and articulating broad objectives, 
may be the first step to changing the 
environment. To be effective, govern-
ment support should be translated into 
expressions of support for environmen-
tal sanitation, advocacy messages and 
other appropriate mechanisms for mass 
communication to raise public aware-
ness. Programme promoters should plan 
to increase their efforts in familiarising 
elected officials, senior sector staff and 
advisers with the concepts of the imple-
mented sanitation programme. (WSS-
CC/Eawag 2005, pp. 17)

Bureaucracy
In many developing countries, the re-
sponsibilities of different authorities are 
not clearly defined and reveal a lack 
of coordination/communication mecha-

nisms between them. The responsibil-
ities between central, regional and lo-
cal authorities are also not well defined, 
thereby resulting in a slow and inefficient 
working manner. Sanitation programmes 
can be hindered by such bureaucrat-
ic procedures. Applications may be de-
layed because documents require the 
approval of various offices. Requests to 
different authorities can lead to contra-
dictory answers. 

Further questions
How can political will be increased? 

Who decides which stakeholders should 
be involved in a sanitation programme?

What potential methods and approaches 
can be used to select stakeholders? 

Ñ

Ñ

Ñ
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4 – Non-technical Aspects

4.4 What financial and economic aspects do you have to consider 
when designing a sanitation system?

Community participation is valuable not only at the planning and implementation stages but also during 
monitoring and evaluation.
Using local skills and materials increases project sustainability and supports the local economy.

Ñ

Ñ

Local skills and community 
participation
The skills and experience of locally avail-
able personnel may be important con-
straints when selecting appropriate in-
terventions. Complex technical designs 
may be inappropriate if construction per-
sonnel are unable to implement them. 
(Harvey et al. 2002, pp. 61)

However, community participation is 
not merely the provision of self-help 
labour (e. g. to excavate latrine pits), 
which is certainly important to reduce 
costs, however, the facilities have to be 
managed (supervised) to ensure their 
effectiveness. Inputs by a participating 
community are valuable not only at the 
planning and implementing stages, but 
also during monitoring and evaluation. 
(Duncan 1996, pp. 212, 213)

Availability of local materials and 
tools
If facilities can be constructed with local 
materials, it may significantly reduce im-
plementation time and costs. It is there-
fore important to ascertain what resourc-
es are available and whether they can be 
used without adverse effects on the lo-
cal environment and economy (Harvey et 
al. 2002, pp. 61). For example, the kind 
of filter material available influences the 
choice of treatment option. Expertise is 
needed to modify standard designs or, if 
necessary, develop new designs, which 
can be constructed with locally available 
material. (Sasse 1998, pp. 26)

Affordable technology
In many instances, on-plot or local sani-
tation facilities will be less expensive to 
build and operate than centralised sewer-
age systems. However, experience in Af-
rica has revealed that not all on-plot facil-
ities are equally affordable. For instance, 
VIP latrines can appear to be an unafford-
able luxury to low-income communities. 
The experience in Mozambique with pre-
cast slabs for simple pit latrines shows 
that other, more affordable options are 
available.

Appropriate service level and 
willingness to pay
Urban services only need to satisfy the 
level of service appropriate to the need 
of communities and relate to the com-
munities’ willingness to pay for the serv-
ice. For instance, stormwater drainage 
systems should not be sized to drain 
the largest flood events but may be de-
signed for a six-month rather than for 
a recurring 10-year storm period. (GHK 
2002, pp. 10)

Operation and maintenance
Operation and maintenance (O&M) of la-
trines should be given equal emphasis 
as their construction. For example, if re-
sponsibility for O&M is assumed by the 
implementing agency (i. e. if the end-us-
ers will not or cannot clean and maintain 
facilities), then only communal facilities 
should be provided. If community mem-
bers are willing to assume the responsi-
bility for O&M, family latrines may be a 
more appropriate option. (Harvey et al. 
2002, pp. 61)

Availability of credits and loans
Where households and communities 
struggle to pay the investment costs 
of sanitation infrastructure, provision of 
credits and loans should be considered. 

Photo 7: Clear verbal instructions and good management are essential on the constructionsite. 
(Sasse 1998, pp. 26)

Appropriate technology and levels of 
service for the urban poor
A housing estate for council employees  
was constructed in a town in Uganda 
during the 1960s. The houses were all 
equipped with internal plumbing and flush 
toilets with water-borne sewerage. The 
council undertook to pay all the employ-
ees’ water bills. Since Idi Amin’s regime, 
the council has stopped paying these bills; 
a survey in 1996 reveals that as a result,  
92 per cent of the inhabitants of this  
estate had been disconnected from the 
water supply system but were still using 
flush toilets with water-borne sewerage – 
a clearly unsanitary situation.
The lesson is that people should be  
provided with facilities and levels of  
service they can fully afford to maintain 
without relying on external subsidies. 
(DFID 1998, pp. 159)

Further questions
What should be done if the target com-

munity is not willing to pay for the servic-
es provided?

How can the sustainability of sanitation 
programmes be increased?

Ñ

Ñ

Especially in low-income communities, 
credit programmes have great potential 
to increase sanitation coverage. More 
details on financing approaches for san-
itation programmes are given in the fol-
lowing chapter.
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4.5 What possible schemes can finance a sanitation programme?

Financial costs are only relevant for individual stakeholders (e.g. households).
Accounting for economic costs allows users to compare alternative system or technology options.
Subsidies and loans may help the poor pay the investment costs of sanitation infrastructure but at the 
expense of ownership and maintenance.

Ñ
Ñ
Ñ

Model for urban sanitation programmes
A procedure adopted by the urban  
sanitation improvement team (USIT) in  
Lesotho may serve as a model for urban 
sanitation programmes.
Application for a loan is submitted to a loan 
approval committee (LAC) formed by  
different local opinion leaders. The  
committee interviews the client before the 
loan is approved. The money is finally  
provided by a commercial bank. The LAC 
and USIT are also responsible for following  
up on late repayment. (Duncan 1996, pp. 
213,214) 

Further questions
How can the costs of alternative  

sanitation systems be compared?  
How can O&M costs be integrated in this 
comparison?

What are possible financial schemes for 
public toilets, sludge haulage etc.? What 
are the potential problems with these 
schemes?

Ñ

Ñ

Ideally, a cost-benefit analysis should be 
conducted to compare different sanita-
tion technologies. However, it is virtual-
ly impossible to quantify all the benefits 
(such as improved health or user conven-
ience). Clearly, the costs and all the de-
tails of the technology options have to 
be discussed with the community for it 
to decide what it wants and is willing to 
pay.

With sanitation technologies, as with 
any other public sector investment, 
whose benefits are not fully quantifiable, 
a method is required to determine their 
real costs (economic costs) in relation 
to the national economy. For example, 
local engineers may favour convention-
al sewerage, however, its dependence 
on large volumes of flushing water could 
place too great a demand on local wa-
ter resources and burden the country’s 
budget allotted to exploiting these wa-
ter resources. So, competing sanitation 
alternatives should be evaluated with re-
spect to their economic costs (including 
all costs, regardless of who incurs them 
or on what level), and user costs (finan-
cial costs) will subsequently have to be 
determined. Economic costing provides 
the policy-makers with an appropriate 
economic basis for their decisions. Fi-
nancial costs are entirely dependent on 
policy variables and may vary widely. 
However, they are for example useful to 
households and sewerage authorities. 
(Duncan 1996, pp. 171-179) 

Subsidies or loans?
It is a fact that for many low-income 
and especially very low-income commu-
nities, low-cost sanitation is not neces-
sarily cheap. Possible solutions could 
include subsidies for the cost of the san-
itary facility or making loans available 
(even perhaps at a subsidised rate of in-
terest).

Subsidies obviously cost money! If 
money is available (e.g. from central gov-
ernment or bilateral aid agency), it is still 
questionable if it should be invested in di-
rect subsidies to households rather than 
used to cover the overheads of a hygiene 
education programme. Another alterna-
tive is to provide reduced interest rates 
or sell some key component for half-
price or less, such as the fly screen for 
a VIP latrine. However, subsidies must 
not eliminate or reduce the household’s 
sense of ownership and responsibility.

Loans, possibly at a subsidised in-
terest rate, can possibly be made avail-
able to households to allow them install 
their sanitary facility. Care should be ex-
ercised when setting the interest rate 
and loan repayment term. Some control 
is certainly necessary to ensure that the 
loan is actually spent on sanitation. (Dun-
can 1996, pp. 213,214)

Additional info
GHK Research and Training (2002);  

Effective Strategic Planning for Urban  
Sanitation Services - Fundamentals of good 
practice. GHK, London. www.ghkint.com/
products/prd02.asp?id=4 (last accessed 
07.04.08)

Harvey, P.A., Baghri, S. and Reed, R.A 
(2002); Emergency Sanitation:  
Assessment and programme design,  
Water, Engineering and Development  
Centre (WEDC), Loughborough  
University, UK. 

Downloads available on the CD of Sand-
ec’s Training Tool and/or from the Internet.

Ñ

Ñ
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4.6 What are the advantages and constraints of  
decentralised systems?

In the context of developing countries, decentralised sanitation systems and technologies are often more 
affordable and sustainable.
Decentralised solutions are usually more responsive to local needs and conditions.
Decentralised and centralised systems should complement and not exclude each other.

Ñ

Ñ
Ñ

Shift in paradigm
The conventional, centralised wastewa-
ter management concept, consisting of a 
water-borne wastewater collection sys-
tem leading to a central treatment plant, 
has been successfully applied over many 
decades in densely populated areas of 
industrialised countries and has great-
ly contributed to improving the hygien-
ic conditions in these areas. However, 
the appropriateness of this model in the 
context of cities in developing countries 
must be questioned, given their urgent 
need for affordable and sustainable in-
frastructure. 

Limitations of centralised systems
Aside from its proven benefits, the cen-
tralised wastewater management sys-
tem is nothing more than a transport 
system for human excreta and industri-
al waste to a central discharge point or 
a treatment system. By using valuable 
drinking water as transport medium, this 
system is wasteful of water and nutri-
ents that could otherwise be easily treat-
ed and reused. A centralised wastewater 
management system reduces wastewa-

ter reuse opportunities and increases 
the risk to humans and the environment 
in the event of system failure. (Eawag 
2007, <www>) 

In the past, conventional thinking fa-
voured centralised systems since they 
are easier to plan and manage than de-
centralised treatment units. This belief 
is partly true if municipal administration 
systems are centralised. However, expe-
rience reveals that centralised systems 
have been particularly poor at reach-
ing peri-urban areas and informal settle-
ments (Parkinson and Taylor 2003). Cen-
tralised treatment systems are usually 
much more complex and require profes-
sional and skilled operators. Operation 
and maintenance of centralised systems 
must be financed by the local govern-
ment often unable or unwilling to guaran-
tee regular operation.

According to Black (1994), engineer-
ing solutions based on centralised sys-
tems built and maintained by subsidised 
public agencies are inappropriate to the 
extraordinary pace and character of the 
urbanisation process in the developing 
world.

The decentralised wastewater management approach: 
(a) Increases responsiveness to local demands and needs and, hence, enhances willingness 

of communities to pay for improved services (Parkinson and Taylor 2003).

(b) Broadens the technology options permitting tailoring the solutions to the prevailing condi-
tions.

(c) Minimises the freshwater requirements for waste transport.

(d) Reduces the risks associated with system failure.

(e) Allows segregation of different wastewater fractions (greywater, blackwater, stormwater) 
at source.

(f) Increases local wastewater reuse opportunities.

(g) Allows incremental development and investment in the community wastewater system.

Potential of the decentralised 
sanitation approach
At the international level, increased em-
phasis has been placed on a more holis-
tic approach to waste disposal, stressing 
the benefits of reducing the strength or 
quantity of waste at source and, when-
ever possible, treating, recycling or re-
using it close to its generation point 
(Schertenleib and Morel 2003). It is ob-
vious that a decentralised wastewater 
management approach is better suited 
to solve sanitation problems as close to 
their source as possible. Decentralised 
systems appear to offer a number of po-
tential advantages.

Centralised treatment facilities in  
Latin America
Most cities in Latin America have some 
sewer networks, but few have functioning 
treatment plants. Only 2 % of the collected 
sewage receives some treatment. In  
Mexico, over 90 % of the wastewater 
treatment plants are inoperative. In cities 
like Bogotá, Buenos Aires, Mexico City, 
and Santiago, some 50−60 million cubic 
meters of mostly untreated sewage is  
discharged every day into nearby aquatic 
systems. (Wright 1997)
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4 – Non-technical Aspects

Further questions
How can centralised and decentralised 

systems complement each other?

Are decentralised sanitation systems 
and technologies also a realistic alternative 
in the cities of industrialised countries? 
What are the particularly appropriate  
options?

Ñ

Ñ

Decentralised management may apply 
a combination of cost-effective solu-
tions and technologies, which are tai-
lored to the prevailing conditions in 
the various sections of the communi-
ty. For example, a sewerage system 
and treatment works can be provid-
ed to highly developed and densely 
populated commercial and residen-
tial centres of a community. Sparse-
ly populated housing neighbourhoods 
can be served by a settled sewer-
age system or dry sanitation systems 
where soil and groundwater condi-
tions allow such options.
Decentralised treatment process-
es can be tailored to the quality of 
the wastewater stream generated by 
each separate subsystem and to the 
effluent quality required. The treat-
ment requirements will vary consid-
erably depending on the final destina-
tion of the treated wastewater (e. g. 
agricultural reuse, discharge into wa-
ter bodies, infiltration).
Decentralised wastewater manage-
ment decreases the risk associated 
with system failure. The probability 
of simultaneous failure of many small 
systems is significantly lower than 
failure of one system serving the en-
tire community.
Decentralised management increas-
es wastewater reuse opportunities by 
keeping the wastewater as close as 
possible to the generating communi-
ty. Demand for treated liquid waste 
in developing countries often comes 
from urban centres for use in public 
parks and urban agriculture. Where 
wastewater is used for irrigation, it is 
pointless to collect the waste flows in 
one location for treatment and subse-
quently distribute the treated effluent 
where it is needed.

•

•

•

•

Decentralised management allows in-
cremental development and invest-
ment in community wastewater sys-
tems. Settled sewers can be used 
to upgrade already existing decen-
tralised systems such as septic tanks 
if necessary. New, independent and 
properly sized systems can be add-
ed to serve new and well defined res-
idential, industrial or commercial de-
velopments. In contrast, investments 
in centralised systems have to be 
made within a short time, thus bur-
dening the local economy. Centralised 
systems are usually sized to handle 
wastewater flows planned to occur in 
30−50 years. Centralised systems are 
initially often oversized but eventually 
become undersized.

Constraints when implementing the 
decentralised approach on a wide 
scale
Even where policy-makers accept the 
decentralised approach, they may lack 
the capacity to plan, design, implement, 
and operate decentralised systems, thus 
leading to severe constrains in ensur-
ing its widespread implementation. Most 
developing countries have no suitable in-
stitutional arrangements for managing 
decentralised systems and lack an ap-
propriate policy framework to promote 
a decentralised approach. There is a risk 
that decentralisation will lead to frag-
mentation and failure to address overall 
problems adequately. Without technical 
assistance and other capacity building 
measures, problems of institutional ca-
pacity existing under a centralised op-
eration are simply passed on to the new 
structures (Parkinson and Taylor 2003). 
Without a formal institutional framework 
within which decentralised systems can 
be located, efforts to introduce decen-

• tralised management are likely to remain 
fragmented and unreliable. Decentralisa-
tion therefore requires greater coordina-
tion between the government, private 
sector and civil society. Decentralised 
systems must be compatible with the 
knowledge and skills available at local 
level, as even the simplest technologies 
often fail in practice for lack of attention 
to operational and maintenance require-
ments. (Yhdego 1992)

Decentralised systems may reduce 
the investment costs required for waste-
water management. However, the ma-
jority of local government agencies and 
departments lack the resources to in-
vest in new infrastructure and rely on 
grants from higher levels of government 
to finance improvements in service pro-
vision, thus often leading to centralised 
liquid waste management solutions.

It should be noted that the decen-
tralised concept is not the answer to all 
wastewater management problems. Just 
as the inappropriate „one size fits all“ 
mentality of those who view convention-
al, centralised systems as the only rea-
sonable approach, there are cases where 
decentralised management is not the 
best answer (Venhuizen 1997b). Decen-
tralised and centralised systems should 
complement and not exclude each oth-
er. The decentralised concept is an over-
arching concept that can and will include 
centralised systems.
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4 – Non-technical Aspects

Further questions
To what extent can the planning process 

be outsourced to local partners? What are 
the relevant criteria?

Ñ

Additional info
WSSCC/Eawag (2005); Household- 

Centred Environmental Sanitation,  
Implementing the Bellagio Principles in  
Urban Environmental Sanitation,  
Provisional Guideline for Decision-Makers,  
Water Supply and Sanitation Collaborative 
Council (WSSCC) and Swiss Federal  
Institute of Aquatic Science and Technolo-
gy (Eawag), Duebendorf, Switzerland. 

GHK Research and Training (2002);  
Effective Strategic Planning for Urban  
Sanitation Services - Fundamentals of good 
practice. GHK, London. www.ghkint.com/
products/prd02.asp?id=4 (last accessed 
07.04.08)

Downloads available on the CD of Sand-
ec’s Training Tool and/or from the Internet.

Ñ

Ñ

4.7 How do you proceed systematically when planning a  
sanitation system?

There is no “best” planning model. Different approaches can complement each other.
Sanitation programmes should respond to local demand and build on existing infrastructure.

Ñ
Ñ

This issue will be discussed more in 
depth in the Planning Module (Module 
7) where the Household-Centred Envi-
ronmental Sanitation Approach (HCES) 
is also introduced. This chapter presents 
only a brief, systematic and procedural 
overview.

Poor planning, design and operation, 
as well as inadequate maintenance mean 
that the services in place are often also 
qualitatively poor. Most sanitation mas-
ter plans have paid insufficient attention 
to financial and institutional constraints 
and have tended to ignore what sanita-
tion users actually want and are willing 
and able to pay.

Those who advocate a market-based 
approach argue that since people are 
consumers of sanitation services, the 
market should be able to provide them 
with the services they want at a price 
they are willing to pay. Others advocate 
a collective action model in which im-
proved facilities are provided through the 
efforts of voluntary organisations. Both 
these approaches reduce the direct bur-
den on the state and, hence, allow limit-
ed resources to extend further. However, 
both also have their limitations. 

A review of existing models suggests 
that no single approach to sanitation pro-
vision can address all aspects of the 

problem, irrespective of whether it is 
based on planning, the market, local or 
collective initiatives. The question is not 
“which is the best model”, but rather 
how to combine planning, market-orient-
ed aspects and local initiatives into strat-
egies making best use of all three. (GHK 
2002, pp. 5−9)

Three basic questions define the 
framework for strategic planning:
1. Where are we now? – Grounding 

plans of current situation
- Take account of what already exists
- Respond to actual problems and de    

ficiencies
2. Where do we want to go? – Identify-

ing objectives
- Deal with the needs of all, including 

the urban poor
- Establish environmentally accepta-

ble objectives
- Develop sustainable systems (en-

sure not only provision but also their 
subsequent operation and mainte-
nance)

3. How do we get from here to there? 
– How to move towards objectives
- Identify the fundamental principles 

to improve sanitation services
- Strategic plans need to be flexible 

and adaptable
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