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Learning objectives






Explain why urban areas rely on a range of collection and transport technologies
Identify existing established technologies for collection and transportation
Understand considerations for implementation of collection and transport
technologies based on the local context
Give examples of how the design and operation of onsite technologies can ease
collection

Textbook

Available at www.sandec.ch/fsm_book
 Strande, L., Ronteltap, M. and Brdjanovic, D. (2014). Faecal Sludge Management
- Systems Approach for Implementation and Operation.
Free online course (MOOC)

Available at www.eawag.ch/mooc
 Introduction to Faecal Sludge Management. MOOC series by Eawag and EPFL.
Modules ‘Collection and transport technologies’, ‘Advances in collection’, and
‘Transport’.
Further Eawag-Sandec publications

Available at www.sandec.ch/fsm_tools
 Gensch, R., Jennings, A., Renggli, S. and Reymond, P. (2018). Compendium of
Sanitation Technologies in Emergencies.
 Schoebitz, L., Bischoff, F., Lohri, C., Niwagaba, C., Siber, R. and Strande, L.
(2017). GIS analysis and optimisation of faecal sludge logistics at city-wide scale in
Kampala, Uganda. Sustainability, 9(2), 194.
 Tilley, E., Ulrich, L., Lüthi, C., Reymond, P. and Zurbrügg, C. (2014).
Compendium of Sanitation Systems and Technologies. 2nd edition. Dübendorf,
Switzerland, Swiss Federal Institute of Aquatic Science and Technology (Eawag).
www.sandec.ch/compendium
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Additional resources











Blackett, I. and Hawkins, P. (2017). FSM Innovation Case Studies - Case Studies on
the Business, Policy and Technology of Faecal Sludge Management. 2nd edition. Bill &
Melinda Gates Foundation, Seattle, USA, ISBN 978-1-5136-2513-3.
Chowdhry, S. and Koné, D. 2012. Business Analysis of Fecal Sludge Management:
Emptying and Transportation Services in Africa and Asia. Bill & Melinda Gates
Foundation, Seattle, USA.
Foxon, K., Buckley, C., Brouckaert, C., Bakare, B.F., Still, D. and Salisbury, F.
(2011). How fast do pits and septic tanks fill up? Implications for design and
maintenance, What happens when the pit is full? Developments in on-site Faecal Sludge
Managment (FSM). FSM Seminar Durban, South Africa.
Mukheibir, P. (2015). A guide to septage transfer stations. Prepared for SNV
Netherlands Development Organisation by Institute for Sustainable Futures,
University of Technology Sydney.
Sanivation & UNHCR (2018). Container-based Toilets with Solid Fuel Briquettes
as a Reuse Product. Best Practice Guidelines for Refugee Camps.

Introduction
This chapter presents a brief overview of the collection and transport of faecal sludge. For
more details about collection and transport of faecal sludge refer to Chapter 4 in Faecal Sludge
Management - Systems Approach for Implementation and Operation (Strande et al., 2014).
Urban areas are comprised of different physical and socio-economic circumstances that
influence faecal sludge collection and transport, including faecal sludge quantities and
qualities, road and containment access, transport distance, and financial flows. Examples of
areas within a city with different needs are:
- Planned middle and high-income areas with good road infrastructure, and either
connections to the sewer or to septic tanks with faecal sludge with a low total solids
concentration.
- Unplanned densely populated low-income areas with poor access to containments, and
pit latrines with faecal sludge with a high total solids concentration.
- Peri-urban areas with a low population density with good access to containments, and
pit latrines with faecal sludge with a high total solids concentration, with long transport
distances to a faecal sludge treatment plant.
Collection and transport services are one part of the full faecal sludge management chain and
are crucial to ensure that faecal sludge is safely transported to a treatment plant. However, it
is possible that an area served by collection and transport services does not have a treatment
plant. Alternatively, it could happen that an area with a treatment plant does not have
operational collection and transport services. The collection and transport and the treatment
components need to work in parallel, and it is important that economically viable solutions
are evaluated. Issues that need to be addressed include suitable discharge fees, business models
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Collection technologies can, in general, be categorized into manual, mechanized, or manually
operated mechanical collection technologies. Emptying services in low-and middle income
countries are frequently a mix between mechanical tools and a manual workforce.

Manual collection and transport technologies
Manual collection can be an important part of providing faecal sludge management services.
Manual collection and transport technologies can collect sludge with a high totals solid
content such as from dry pit latrines when it is not pumpable, and can access narrow lanes
and poor containment infrastructures. Refer to Table 4.1 in Faecal Sludge Management Systems Approach for Implementation and Operation for examples of manual technologies.
However, manual collection with buckets or shovels can be unsafe and unhygienic, as it
frequently involves the workers entering directly into the onsite containment technology.
Therefore proper measures for workers’ safety need to be put into place. It is important to
implement minimum standards and set up systems to ensure their enforcement through
licencing, training and capacity development.

Figure 2.5.1 Manual emptying of faecal sludge with buckets and rope into barrels.

55

Technology

for the collection and transport service providers, road access to the treatment plant, and
distance to the treatment plant.
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Manual collection is frequently used to empty smaller amounts of sludge than mechanical
collection. When it is transported manually, it is typically loaded into barrels and transported
by carts. Transporting it to a treatment plant through mechanical means can be a challenge,
for example, carts are only able to transport the sludge for a few kilometres at an absolute
maximum. This frequently results in the discharge of the collected sludge directly into the
urban environment or nearby water bodies. Manual collection technologies need to be
combined with appropriate transport technologies to ensure that sludge reaches a treatment
plant or safe disposal site. A way to upgrade the manual collection and transport is to include
human-powered mechanical devices to improve operational efficiency and increase safety and
hygienic standards, or to transport the sludge mechanically with pickup trucks.

Mechanical collection and transport technologies
Mechanical collection technologies can pump larger amounts of faecal sludge per trip and per
day than manually operated technologies. However, faecal sludge cannot be too thick or it
will not be pumpable. Pumps can be mounted on trolleys or carts that are manually operated
for increased mobility, or on tractors and trucks, which are the most common mechanized
options and allow transportation of the sludge over longer distances. The faecal sludge is
pumped from the containment through a hose into a tank. The capacity of these tanks
typically ranges between 2 m3 and 20 m3. Vacuum trucks often have difficulties accessing
onsite sanitation technologies that can only be reached via narrow roads and alleys. In this
case, when possible smaller trucks can be used, for example with a capacity between 0.5 m3
and 4 m3.

Figure 2.5.2 Faecal sludge truck ready to go to a household for collection.
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Challenges with collection and transportation
Accessibility

Septic tanks are frequently covered over during construction or located under houses, and
unlined pit latrines can collapse when emptied. It is important that the containment
technology has a robust access point for desludging, which should be integrated into the initial
design. For example, the ‘U-ACT’ project in Kampala built fully lined pit latrines with access
for emptying integrated into the structure (for compiled information about the U-ACT
project, refer to http://www.dec.ethz.ch/research/tech/urban-affordable-clean-toilets-project-u-act-.html). This allows sludge collection without affecting the integrity and functionality
of the structure.
Affordability

For collection and transport services to be viable, the service needs to be affordable for both
the customer and the service provider. Transport distances and traffic will increase the
required costs for service providers.
Industrial waste

Vacuum trucks can also be used for the collection and transport of industrial waste, so care
needs to be taken that this is not also discharged at faecal sludge treatment plants. A manifest
system can help address this; see chapter 4 in the book Faecal Sludge Management - Systems
Approach for Implementation and Operation, and the Karunguzhi case study (2.5.2). An
inspection chamber that is manually opened can also help; see the Korhogo case study (2.5.1).
Protection of individuals´ health

It is essential to ensure protection of the public health of workers through measures such as
personal protective equipment, vaccinations and training courses. There also needs to be a
plan in place to address and prevent spillage during emptying operations.
Pumpability

The thickness of faecal sludge will affect how well it can be pumped for removal from the
containment. Manual technologies are required for faecal sludge that has too high solids
content or viscosity to be pumped by mechanical technologies.
Solid waste

Solid waste is frequently disposed of using on-site sanitation technologies. Screens can help
prevent solid waste from entering collection hoses, but screens will clog. Metal rods or rakes
are frequently used to remove solid waste prior to sludge collection. The removed solid waste
also needs to be disposed of properly, as it is covered in faecal sludge. To reduce this problem,
a solid waste management plan needs to be implemented.
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Manually collected and transported faecal sludge is frequently more expensive per volume
than when collected and transported with mechanical technologies. This is due to the time
and work spent accessing the onsite sanitation technology and the low volumes of sludge
collected and transported for treatment.
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Case study 2.5.1 Collection and transport services in
practice: Korhogo, Ivory Coast
The first faecal sludge treatment plant in Ivory Coast was constructed in the northern city
of Korhogo in 2017.

Figure 2.5.3 Discharge of faecal sludge collected and transported from households into the
inspection chamber at the Korhogo faecal sludge treatment plant.

A number of steps were taken to ensure that the collection and transport services would be
viable:
Accessibility
- ONAD (Office National l’Assainissement et du Drainage) together with the city
council promotes construction of septic tanks with improved access to enable
mechanical emptying, and prevent contamination of water sources.
- Trucks for mechanical emptying come second-hand from Abidjan. They were
initially used for clean water, but with modifications are now used for faecal sludge.
The number of trucks has doubled since the faecal sludge treatment plant opened.
Affordability
- An emptying association was formed to coordinate and organize the emptying
service providers, in close collaboration with the treatment plant management
(ONAD) and the city council, to emphasise safe collection and transport.

58

ONAD has gradually increased the discharge fee for the service providers to the
current level (30-60 US$ depending on volume).
- Emptying service providers report that business is profitable, especially in the rainy
season when they make up to 10 trips per day.
Industrial waste
- Many companies augment business with supplying water to construction sites, or
emptying other liquid waste streams from industries. From a public and
environmental health perspective, this is very high risk, and should not be
encouraged anywhere. ONAD is monitoring the situation, enforcing that water
with potential cross-contamination is purely for non-potable uses. In addition, all
faecal sludge delivered to the treatment plant is first discharged into a tank for
inspection to ensure that industrial waste is not also being discharged.
Protection of individual health
- ONAD and the city council are collaborating with the community and the service
providers to improve faecal sludge management practices. This is done by
awareness campaigns that are promoting safe collection and transport services, and
informing about the risks of unhygienic practices and illegal dumping.

Case study 2.5.2 Municipality coordination
In Karunguzhi, India, the municipality operates a call centre to coordinate the collection
and transport services of two private companies.

Figure 2.5.4 The voucher used in Karunguzhi, India.
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When a customer wants their containment emptied they call the municipality. The
municipality assigns the job to one of the emptying companies. The company is given a
voucher from the municipality that includes the address of the emptying service, and it is
also valid for free discharge of the collected sludge when handed in at the faecal sludge
treatment plant. The customer pays the service provider, and the service provider can keep
the entire payment. In this way the municipality ensures sludge is delivered to a treatment
plant and is not dumped in the environment, and it prevents unknown sources of sludge
from being discharged.

Exercises
1. Match the photos (1-4) to the descriptions (a-f). More than one description can apply to
each photo.
1)

2)

3)

4)
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A metal rod for solid waste removal
An access point to a containment
A manual collection and transport method
Personal protective equipment
A mechanical collection and transport technology
A gauge to measure volume in the tank

Technology

a)
b)
c)
d)
e)
f)

2. Illegal dumping of faecal sludge is harmful to public and environmental health.
a) Name reasons why this practice exists.
b) Name actions that can be taken to reduce this practice.
3. List the pros and cons of manual and mechanical collection and transport options.
4. In your opinion,
a) What will drive innovation in collection and transport?
b) What could be potential solutions for existing challenges with collection and transport
of faecal sludge?
5. What factors need to be taken into consideration when designing for a collection and
transportation solution for an area?
6. You need to design a faecal sludge collection program for an informal settlement with very
thick faecal sludge. The informal settlement is densely populated and most pathways are
not navigable by truck. Explain the considerations and your recommendations.
7. Solid waste in onsite containments is very problematic for the collection of faecal sludge;
explain how the amount of solid waste in containments could be reduced.
8. Describe the faecal sludge collection and transport process from a household to a
treatment facility. List the necessary tasks in chronological order.1
9. Personal protective equipment is very important for the emptier to use; what other barriers
could be put in place during collection and transport services to protect the public health
of the residents and workers?
10. Name the stakeholders and roles involved in the collection and transport operation.
11. Give the reason why unlined pit latrines are not recommended, and suggest modifications
for an improved design.
12. The discharge fee at the faecal sludge treatment plant in the area where you are working
is too high for collection and transport services to afford. Therefore, illegal dumping in
nearby canals, rivers and fields is common. The trucks that do reach the treatment plant
also complain about the distance from the city. Discuss improvements to the
infrastructure that should be implemented.

1
Adapted from Introduction to Faecal Sludge Management: Trainer manual (2016) by CAWST and EawagSandec. www.cawst.org and www.sandec.ch. Licensed under http://creativecommons.org/licenses/by/4.0/
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13. Read the following scenarios and propose solutions to resolve them2.
Scenario

Solution

Households do not have enough money to pay for
the collection and transport service.

Faecal sludge is too thick for the collection and
transport service to pump out. The onsite
sanitation technology is close to overflowing.

The faecal sludge treatment facility (owned by the
public sector) is charging a discharge fee which
private service providers cannot afford. As a result,
they are illegally dumping faecal sludge into the
street, nearby canals, rivers or lakes. Sometimes
they dump the faecal sludge into a sewer manhole,
which is not a sustainable option as it can cause
wastewater treatment facilities to fail.
Households cannot afford the fee charged by the
service providers for emptying because of their
transport costs to the treatment facility.

The household is located in an informal
settlement. The pathways are too narrow and not
maintained. It is difficult for a vacuum truck to
access the household.

2
Adapted from Introduction to Faecal Sludge Management: Trainer manual (2016) by CAWST and EawagSandec. www.cawst.org and www.sandec.ch. Licensed under http://creativecommons.org/licenses/by/4.0/
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