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Learning objectives

• Describe the difference between faecal sludge, sewered wastewater and excreta.

• Explain the Engineering Design Approach for faecal sludge management .

• Compare different resource recovery products and treatment technologies associated with them.

• Explain the treatment objectives of faecal sludge treatment and link them to treatment 

technologies.



Terminology: 

What is faecal sludge (/stored wastewater)?

Strande, Linda, et al. "Urban sanitation: new terminology for globally relevant solutions?." Environmental Science & Technology 57.42 (2023): 15771-15779.



Terminology: What is faecal sludge?
This is basically stored wastewater



Wastewater versus faecal sludge

Sewered wastewater

Faecal sludge

(Stored wastewater)



Faecal sludge characteristics are very variable!



Faecal Sludge Management (FSM) Service Chain

Faecal sludge management (FSM)



What happens when decentralized systems are not managed properly? 
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Photo: Linda Strande

Untreated wastewater entering the environment 

is a global problem



Global relevance?

Cairns-Smith et al., 2014; Berendes et al., 2017

• Sanitation needs of 2.7 billion people worldwide are met by non-sewered sanitation systems.

• Majority of non-sewered sanitation systems are not safely managed (61−72% in Africa, 62−68% in LAC, 100% 

in SE Asia, and 5−100% in W. Pacific)

Challenges pushing towards 

decentralized solutions:

• Rapid urbanization & 

densification 

• Expenses

• Resource Recovery 



Treatment Technologies 

o Dry Toilet 

o Urine Diverting

Dry Toilet (UDDT)

o Urinal

o Pour Flush Toilet

o Cistern Flush 

Toilet

o Urine Diverting 

Flush Toilet

User Interface

o Jerry can / Tank

o Human-Powered

Emptying and 

Transport

o Motorized

Emptying and 

Transport

o Simplified Sewer

o Solids-Free Sewer

o Conventional 

Gravity Sewer

o Transfer Station 

(Holding Tank)

o Anaerobic Baffled 

Reactor (ABR)

o Anaerobic Filter

o Waste 

Stabilization 

Ponds

o Aerated Pond

o Constructed 

Wetland

o Trickling Filter

o Activated Sludge

o Drying Beds

o Co-composting

o Biogas Reactor

o Etc.

(Semi-) 

Centralised 

Treatment

o Fill and Cover / 

Arborloo

o Applic. of Urine

o Application of 

Dehydr. Faeces / 

Compost/Sludge

o Irrigation 

o Soak Pit

o Leach Field

o Fish Pond

o Floating Plant 

Pond

o Water Disposal / 

Groundwater 

Recharge

o Surface Disposal

o Biogas Combust.

Use and / or

Disposal

o Urine Storage 

Tank / Container

o Single Pit

o Single Ventilated 

Improved Pit (VIP)

o Double Ventilated

Improved Pit (VIP)

o Fossa Alterna

o Twin Pits for 

Pour Flush

o Dehydr. Vaults

o Composting 

Chamber

o Septic Tank

o Etc.

Storage Conveyance



Engineering Design Approach

Step 1: Define treatment objectives and resource recovery or disposal 

Step 2: Quantify and characterize influent faecal sludge

Step 3: Design of treatment technology for resource recovery



Engineering Design Approach 
Step 1 - Define: 

- Treatment objectives 

- Resource recovery or disposal 



Treatment Objectives Activity



What component will make people sick?

Treatment objectives



Transmission pathways of pathogens
Treatment objectives

(adapted from WHO 2005)



What component can cause eutrophication?

Treatment objectives



Treatment objectives

What component would make faecal sludge smell badly? 



What component makes faecal sludge heavy and voluminous to manage?

Treatment objectives



What component will increase the risk of water contamination?

Treatment objectives



What component would attract vectors such as flies and rats?

Treatment objectives



1. Pathogen inactivation

2. Stabilization

3. Nutrient management

4. Dewatering

The ultimate goal of faecal sludge management: protection of 

public and environmental health

Treatment objectives



Engineering Design Approach 
Step 1 - Define: 

- Treatment objectives 

- Resource recovery or disposal 



Treatment technologies 

o Dry Toilet 

o Urine Diverting

Dry Toilet (UDDT)

o Urinal

o Pour Flush Toilet

o Cistern Flush 

Toilet

o Urine Diverting 

Flush Toilet

User Interface

o Jerry can / Tank

o Human-Powered

Emptying and 

Transport

o Motorized

Emptying and 

Transport

o Simplified Sewer

o Solids-Free Sewer

o Conventional 

Gravity Sewer

o Transfer Station 

(Holding Tank)

o Anaerobic Baffled 

Reactor (ABR)

o Anaerobic Filter

o Waste 

Stabilization 

Ponds

o Aerated Pond

o Constructed 

Wetland

o Trickling Filter

o Activated Sludge

o Drying Beds

o Co-composting

o Biogas Reactor

o Etc.

(Semi-) 

Centralised 

Treatment

o Fill and Cover / 

Arborloo

o Applic. of Urine

o Application of 

Dehydr. Faeces / 

Compost/Sludge

o Irrigation 

o Soak Pit

o Leach Field

o Fish Pond

o Floating Plant 

Pond

o Water Disposal / 

Groundwater 

Recharge

o Surface Disposal

o Biogas Combust.

Use and / or

Disposal

o Urine Storage 

Tank / Container

o Single Pit

o Single Ventilated 

Improved Pit (VIP)

o Double Ventilated

Improved Pit (VIP)

o Fossa Alterna

o Twin Pits for 

Pour Flush

o Dehydr. Vaults

o Composting 

Chamber

o Septic Tank

o Etc.

Storage Conveyance



Do you know any products that can be made from faecal 
sludge?  



Factors influencing product production:

• Type, quality and costs of input material 
available

• Socio-cultural acceptance

• Local demands

• Legal aspects

• Availability of materials and equipment

• Availability of space

• Soil and groundwater characteristics

• Local knowledge and capacity 

Designing for end-use / resource recovery 



Challenges

▪ No effluent standards / standards not enforced

▪ Revenues from faecal sludge treatment products could offset faecal sludge treatment costs

▪ Market for end products could help ensure sustainable operation

▪ Markets for faecal sludge treatment end products are undeveloped

Designing for end-use / resource recovery 



Resource recovery options for faecal sludge

Trade-off of between energy potential and nutrient recovery 



Resource recovery – Soil conditioner

(D.3 in Compendium) 

(D.4 in Compendium) 

(D.4 in Compendium) 

(D.5 in Compendium) 



Resource recovery – Soil conditioner

Advantages:

+ Improves structure of soil

+ Reduces chemical fertilizer 
needs

+ Low costs

+ Low risk of pathogen 
transmission

Disadvantages

– Long maturation times

– Low social acceptance in 
some areas  



Resource recovery – Solid fuels

Dried faecal sludge Briquettes/pellets Charcoal / Biochar

End products to be used as fuels: 

Dewatering and drying is key! 



Resource recovery – Biochar

Advantages:

+ Can be used as a 
solid fuel (char) or 
soil conditioner 
(biochar)

+ Improves soil 
quality & structure

+ Carbon-neutral or 
carbon-negative

Disadvantages

– Dust during soil 
application

– Sorption of 
pesticides and 
herbicides

– Nitrogen loss 
© Guide to Sanitation Resource Recovery Products & Technologies 



Resource recovery – Gas fuel

Advantages:

+ Low-cost energy source from

renewable ressources

+ Replaces fuel wood for 

cooking

+ Few operational skills and 

little maintenance required

Disadvantages

– Low storage time, low 

energy density

– Leaked / unburned methane 

is a GHG emission 

(D.13 in Compendium) 



Resource recovery – Reclaimed water

Advantages:

+ Reduces depletion of groundwater 
and improves availability of 
drinking water

+ Reduced the need for fertilizer 
(Fertigation) 

+ Low risk of pathogen transmission 
if water is properly treated

+ Low capital and operational costs 
depending on the design

Disadvantages

– Expert design and installation

– Drip irrigation normally required

– Risk of soil contamination

– Risk of groundwater contamination 

– Social acceptance is low 



Other potential resources:

(from Guide to Sanitation Resource Recovery 
Products and Technologies) 

• Urine

– Stored (R.1)

– Concentrated (R.2)

– Dry (R.6)

– Struvite (R.7)

• Digestate (R.4)

• Macrophytes (R.16)

• Black soldier flies (R. 17)

• Worms (R.18)

• Aquaculture (R.20)

Designing for end-use / resource recovery 

End-uses without resource 

recovery:

(from Compendium of Sanitation Systems and 

technologies ) 

• Soak pit (D.7)

• Leach field (D.8)

• Water discharge (D.11)

• Surface disposal (D.12) 



Guide to Sanitation Resource Recovery 
Products & Technologies 
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Resource Recovery

https://www.susana.o

rg/en/knowledge-

hub/resources-and-

publications/library/de

tails/4008#

https://www.susana.org/en/knowledge-hub/resources-and-publications/library/details/4008
https://www.susana.org/en/knowledge-hub/resources-and-publications/library/details/4008
https://www.susana.org/en/knowledge-hub/resources-and-publications/library/details/4008
https://www.susana.org/en/knowledge-hub/resources-and-publications/library/details/4008
https://www.susana.org/en/knowledge-hub/resources-and-publications/library/details/4008


Engineering Design Approach



Engineering Design Approach 
Step 2: Quantification and characterization of influent sludge



Reminder: 
Faecal sludge characteristics are highly variable! 



Variability of faecal sludge characteristics



Faecal sludge characteristics (Quality) 

Velkushanova, K., Brdjanovic, D., Koottatep, T., Strande, L., Buckley, C., & Ronteltap, 

M. (2021). Methods for faecal sludge analysis. IWA publishing.



Quantities

1. Excreta produced

2. Faecal sludge produced

3. Faecal sludge accumulated

4. Faecal sludge emptied, but 

not collected

5. Faecal sludge collected, but 

not delivered to treatment 

plant

6. Faecal sludge treated



Resources on Quantities and Qualities (Q&Q) 

43



Massive Open Online Course (MOOC)

https://www.youtube.com/watch?v=J9GsW2mCKXM

coursera.org/learn/faecalsludge

https://www.youtube.com/redirect?event=channel_description&redir_token=QUFFLUhqbklkNUsyRHoyeVVZMDVPVjNLUWRLTU1Rb1NRd3xBQ3Jtc0tuaGM2SUJtOGwtNTN3Y1V0d2tXMUg4WE05VFcwdEJaQ3gzVHY3MXNEQmU5N3U4RmRnRUZCX1hvb3g0N3lQRmZnZS1Fa1RVRzBwSlYxWFhMaVA4ckRHX0YwVUJ3MDl1WjlOY21PWTVUNFVMaldtcUxMYw&q=https%3A%2F%2Fwww.coursera.org%2Flearn%2Ffaecalsludge%2F


Engineering Design Approach



Design of treatment technology (combination)

Appropriate FS treatment 

technology (combination)

Step 1: Define treatment objectives and resource

work backwards…

… considering all design variables…

• FS characteristics and quantities

• Existing FS infrastructure and services

• Skills and capacities

• Legal requirements, regulations, norms

• Social acceptance

• Operation and maintencance

• Financial viability

• Etc.

… to arrive at solution

Over-design wastes money and 

resources

Under-design does not protect human 

and environmental health

Step 3: Design treatment

Step 2: Quantify and characterize 

influent faecal sludge



Engineering Design Approach 
3. Design of treatment technology for resource recovery



Pre-treatment

example: removal of oil, grease, sand or trash

Primary treatment: solid-liquid separation (dewatering)

example: a settling-thickening tank

Secondary treatment: biological removal of organic matter, nutrients and remaining suspended solids

example: anaerobic baffled reactor (ABR), waste stabilization pond (WSP)

Post-treatment or tertiary treatment: final polishing

example: removal of remaining pathogens, nutrients or micropollutants

48

Treatment technologies



Treatment technologies

In general, often need several technologies in a particular order to effectively treat faecal sludge.



50

Pre-treatment

Advantages:

+ Relatively low capital and 

operating costs

+ Reduced risk of impairing 

subsequent Conveyance 

and/or Treatment technologies

+ Higher lifetime and durability of 

sanitation hardware

Disadvantages

- Frequent maintenance 

required

- The removal of solids and 

grease is not pleasant
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Post-treatment or tertiary treatment

Advantages:

+ Additional removal of pathogens 

and/or chemical contaminants

+ Allows for direct reuse of treated 

wastewater

Disadvantages

- Skills, Technology, spare parts and 

materials may not be locally available

- High capital and operating costs

- May require constant source of 

electricity or chemicals

- Continuous monitoring

- Filter materials need regular 

maintenance

- Chlorination / Ozonation can form 

toxic by-products 



Pre-treatment

example: removal of oil, grease, sand or trash

Primary treatment: solid-liquid separation (dewatering)

example: a settling-thickening tank

Secondary treatment: biological removal of organic matter, nutrients and remaining suspended solids

example: anaerobic digestion

Post-treatment or tertiary treatment: final polishing

example: removal of remaining pathogens, nutrients or micropollutants
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Exercise: Treatment technologies



Treatment Technology Activity



Treatment Technology Activity

Plenary



Besides treatment objectives, treatment products and level of technology development, there 
are other factors which may influent the selection of treatment technologies

• Cost

• Environmental factors (groundwater level, climate, etc.)

• Available technology, material and skills

• Power requirements

• Space availability

• Legal regulations

55

Treatment technologies



Photos



Settling-thickening tank



Unplanted drying beds



Planted drying beds



Mechanical dewatering

Pilot installation in Freetown, Sierra Leone

Photos: Gibril Kamara



Co-composting



Waste stabilization ponds



For more information…



Management of Excreta, Wastewater and Sludge

www.sandec.ch/mews
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http://www.sandec.ch/mews


Compendium of Sanitation Systems and Technologies

65

sandec.ch/compendium

Useful Resource

https://www.sandec.ch/compendium


Guide to Sanitation Resource Recovery 
Products & Technologies 

66

Resource Recovery

https://www.susana.org/en/knowledge-

hub/resources-and-

publications/library/details/4008#

https://www.susana.org/en/knowledge-hub/resources-and-publications/library/details/4008
https://www.susana.org/en/knowledge-hub/resources-and-publications/library/details/4008
https://www.susana.org/en/knowledge-hub/resources-and-publications/library/details/4008


Useful resource

Overview of anything FSM

Including:

– Characteristics 

– Treatment technologies

– Planning

– Enabling enviroment

– Systems approach

www.sandec.ch/fsm_book

http://www.sandec.ch/fsm_book


Useful resource

www.sandec.ch/fsm_methods

Guidelines for standard 
practices

Including:

– Background info on types of 
faecal sludge 

– Methods for sample collection

– Health and safety procedures 
for handling

– Approach for estimating 
quantities & qualities on 
community to city-wide scale

– Laboratory methods for faecal 
sludge analysis 

http://www.sandec.ch/fsm_methods


Learning objectives

• Describe the difference between faecal sludge, sewered wastewater and excreta.

• Explain the Engineering Design Approach for faecal sludge management .

• Compare different resource recovery products and treatment technologies associated with them.

• Explain the treatment objectives of faecal sludge treatment and link them to treatment 

technologies.
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