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Biogas sanitation

„What is the connection between
energy and toilets?“

Elisabeth von Münch
Leiterin Sektorvorhaben Nachhaltige Sanitärversorgung - ecosan
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Inputs and outputs for anaerobic digestion (anaerob = 
without oxygen)

Biogas reactor

Organic waste,
wastewater

Biogas 
(~ 66% methane, 
rest CO2)

4-step process
With acidogens, methanogens

Liquid fertiliser

(digestate with less organic 
matter; Not pathogen-free, but 
can be used as fertiliser with multi-
barrier concept)



5.10.2010 Seite 3Seite 3

Complex organic matter: 
Carbohydrates, proteins, fats

Amino acids, sugars and short chain fats

Volatile fatty acids: propionic acid, 
butyric acid; alcohols

Acetic acid Hydrogen

Methane

Four steps of AD

(steps 1 – 3 are mediated by 
bacteria)

Step 1 Hydrolysis 

Step 2 Acidogenesis

Step 3 Acetogenesis

Step 4 Methanogenesis
(by methanogens)

Biogas

CO2 N2

Remember: this is not a complete conversion -
some organic matter will remain (digestate)

(= the acid in vinegar)



5.10.2010 Seite 4Seite 4

Biogas uses

1. Cooking
2. Lighting
3. Heating
4. Electricity generation ( “Combined 

heat and power plants” (CHP))

à If biogas is not used it should be flared 
because methane is a greenhouse gas (23 
times more powerful than CO2)

Mantopi Lebofa, Lesotho, Dec. 2006
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What is the ideal setup for 
biogas sanitation to be 
advisable?
1. Locations where lots of people come together, such as 

prisons, public toilets, schools
§ Or situations where animal waste is available and can 

be combined with human waste
2. Toilets with low amount of flush water, such as pour-flush 

latrines, vacuum toilets (the more concentrated the better)

3. Where the liquid effluent from the biogas reactor can be 
used as fertiliser

4. Where local expertise for construction, operation and 
maintenance is available (leading countries for biogas 
sanitation: China, India, Nepal, Vietnam, Rwanda, Kenya 
(?))
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When is biogas sanitation not 
advisable?
§ If only single households (without animal waste) 

are to be connected
§ If a sanitation system is required that can easily

be built and maintained by the users themselves
§ If dry toilets are used (unless in conjunction with other waste)

§ If there is no possibility to reuse or treat & 
discharge the digester effluent
§ If there is no local biogas expertise in the

country
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Biogas production potential of various
type of dung (excreta)

Source: Sustainable Development Department (SD) / FAO - A system approach to biogas 

technology http://www.fao.org/sd/Egdirect/Egre0022.htm

0.020 - 0.028 Human 

0.065 - 0.116 Poultry (Chickens) 

0.040 - 0.059 Pig 

0.023 - 0.040 Cattle (cows and buffaloes) 

Gas production* per kg dung 
(in m3) Types of dung

* calculated on the basis of their volatile solid content

http://www.fao.org/sd/Egdirect/Egre0022.htm�
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One person produces appr. 100–200 g of faeces per day, the 
dry matter content of which is about 20% (up to 30%) (in 
other words: faeces contain 70-80% water).

Human faeces characteristics
Volume (l*pers-1*day-1) 0,15

N (g*pers-1*day-1) 1,5

P (g*pers-1*day-1) 0,5

Volume (l*pers-1*year-1) 56

N (kg*pers-1*year-1) 0,6

P (kg*pers-1*year-1) 0,2

N-conc (mg/l) 9 811 

P-conc.,(mg/l) 3 270 

N/P-ratio 3

Notes High pathogen content. 
High dry mass.

In terms of biogas production 
from excreta:
5 persons equal 1 pig
17 persons equal 1 cow

Sources: Folke Günther (2006) – Faeces: http://www.holon.se/folke/kurs/Distans/Ekofys/Recirk/Eng/fekalier_en.shtml
Sirkka Malkki (--) - Human faeces as a resource in agriculture http://orgprints.org/8477/01/njf4.pdf

http://www.holon.se/folke/kurs/Distans/Ekofys/Recirk/Eng/fekalier_en.shtml�
http://orgprints.org/8477/01/njf4.pdf�
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Household biogas digester plants in China during 1973 –
2005 (total number, in 10,000) 
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Pig manure and 
toilet waste

biogas

Liquid

sludge Biogas 
digester

China: Southern “Pig-Biogas-Fruit” Comprehensive utilization
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Combined public toilet, bathrooms, 
digester, water kiosk - Naivasha

Bio-digester & baffle reactor -
schools and prisons

Productive Sanitation: Bio-gas, fertiliser, irrigation

Example from Kenya (GTZ): 
EcoSan Promotion Project 
(EU-Water Facility / SIDA Co-financed)



5.10.2010 Seite 12Seite 12

Sanitation facilities 
with up to 21 pit 

latrines on a school 
compound in a 
watershed area 

needed 
improvement

124 m3 Biogas 
plant, baffled 
reactors and 
2x5-door poor 
flush toilet 
building

EcoSan Pilot Plant 
Kaurine Primary 
School 
(Maua District)
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EcoSan Pilot Project
G.K. Prison in Meru

Treatment of the wastewaters of 
about 1,500 inmates and 350 staff
Served by a 110 m3 biogas plant, 
baffled reactor and a 4-door UDDT 
EcoSan Toilet for staff
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currently >100 
SuSanA partners …

SuSanA partner logo 
version 1.7 / 2009-08-09
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Objective of the working group is to
make clear: 

• Link between the sanitation and 
renewable energies and climate 
change

• Impact of sanitation on climate

• Mitigation and adaptation 
measures
of sustainable sanitation
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SuSanA Working 2:

Sustainable sanitation and 
renewable energies and 
climate change
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Summary

§ Biogas sanitation is a technically proven process
§ The biogas is a nice “bonus” of wastewater 

treatment
§ Most interesting for locations where lots of people 

are together or in combination with animal waste 
treatment
§ Remaining issues:
§ Pathogen removal in biogas sanitation is low à use 

multiple-barrier approach for reuse
§ South-South knowledge transfer urgently needed
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