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Some Challenges…. 

• Up to 90% of rural households  rely on biomass fuels 
 Wood 
 Charcoal 
 Animal dung  
 Crop residues 
 

• Consequences 
 Indoor air pollution 
 Chronic health problems 
 Deforestation 
 Soil quality depletion 
 Natural disaster 
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Improving socio-economic conditions 

Increasing cleanliness, convenience and cost fuel 
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Energy consumption pattern  
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Water and sanitation 

• More than 1.1 billion people lack access to improved 
drinking water 

 
• 2.6 billion live without improved sanitation services 

 
• 80% of all illnesses are caused by water-borne diseases 

 
• Diarrhoea the leading cause of childhood death (WHO, 

2010) 
 

• Developing countries are mostly affected 



Improved sanitation coverage 



Improved drinking water coverage 



Water, sanitation, and public health 

Poverty  
• Lack of access to safe 

water resources 

Water quality 
• Contamination by 

pathogens 
•  Chemical pollution (e.g. 

arsenic, fluoride) 

Water quantity 
• Insufficient quantities of safe 

water available for drinking and 
domestic uses 

Health outcomes 
• Pathogenic contamination 
• Diarrhea diseases, typhoid, 

cholera 
• Chemical contamination  

Hygiene –related 
diseases 

 



Municipal waste management 

Developed Country 

Developing Country 



Waste disposal 



Wastewater……. 



Urgent needs in developing countries 

• Affordable and environmentally friendly energy 
source 

 
• Basic sanitation and access to drinking water 

 
• Reduction indoor air pollution 
 

Anaerobic digestion technology can address all 
issues 

 



Renewable fertilizer from anaerobic 
digestion  

• Microbial degradation 
of organic matter  

 
• Recycles plant 

nutrients and 
produces energy 
(biogas) 
 

• Offsets the need for 
synthetic fertilizer  
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Anaerobic digestion process 

Complex polymers 
(polysacch, proteins, lipids) 

Monomers and oligomers 
(Sugars, amino acids, 

Long chain fatty acids ) 

Volatile fatty acids 
 

H2, CO2 
 

Acetic acid 
 

CH4+CO2 



Feedstock for anaerobic digestion 
• Agricultural feedstock 

• Animal manure 
• Energy crops 
• Algal biomass 
• Crop residues 
 

• Community based feedstock 
• Organic fraction of MSW 
• Sewage sludge 
• Grass clippings/garden waste 
• Food remains 
 

• Industrial feedstock 
• Food/beverage processing 
• Dairy 
• Sugar industry 

 



Types of digesters 

• Batch versus  Continuously  
• Wet versus dry  
• Two phase digestion versus single phase  
• CSTR Continuously Stirred Tank reactor 
• UASB Up- flow anaerobic sludge blanket 
• Bag digester 
• Covered Lagoon 
• Fixed Film reactor 



 Digesters in developing countries 

• http://digester. 



Use of biogas 

– Cooking 
– Heating (water/air) 
– Electricity 
– Gas lighting 
 
 

 

http://images.google.com/imgres?imgurl=http://i.treehugger.com/gas_burner_on_stove.jpg&imgrefurl=http://www.treehugger.com/2006/12/03-week/&h=480&w=640&sz=31&hl=en&start=20&um=1&tbnid=AN9RJTdnmUf-2M:&tbnh=103&tbnw=137&prev=/images?q=gas+burner&um=1&hl=en&rls=com.microsoft:en-us:IE-Address&rlz=1I7GGLR


Biofertilizer generation 

• Essential nutrients N,P,K , Mg 
• Trace elements required by plants 
• Presents in inorganic plant-available forms 
• Positive effect on overall soil quality 
• Close the natural and energy cycles 



Ecosanitation definition 

Ecosanitation is a sustainable technology  of 
waste management based on implementing the 
re-use and  the recycling of nutrients and water 
as a hygienically safe, closed loop and alternative 
to conventional sanitation solutions  



 Ecosanitation  approach 

Biodigester 

Agriculture 
+ Livestock 

Waste 

Biogas 

Biofertilizer 

NPK 

Processing 



Ecosanitation : 
composting versus anaerobic digestion 

Composting 
Hot composting of human excreta 
before it comes into contact with soil 
or water 
• Requires no water and zero waste 

process 
• No environmental pollution, no 

odor 
• Urine can be diverted  
• Pathogen survival???? 
• No energy recovery 
 



Anaerobic digestion and ecosanitation 

• Improvement of health by preventing introduction of pathogens to the 
water cycle 
 

• Recovery and use of nutrients, water and energy 
 

• Conservation of natural resources through the substitution of chemical 
fertilizers, reduction of water pollution and reduction of deforestation 
 

• Preservation of soil fertility and augmentation of agricultural productivity 
 

• Reduction of indoor air  pollution 
 

• Promoting human dignity and sustainable development 



Composition and characterization of 
human wastes 

Parameter Faeces Urine 

Quantity (Wet/person/day, g) 70-520 1000-1500 

Quantity (dry p/person/day, g) 30-70 50-70 

Moisture content (%g/wet sample) 66-85 93-99% 

Total solids (%g wet sample) 14-22 1.3-4 

Volatile solids (%g dry sample) 79-84 0.4 

COD (Total, g/L) 46.2-78.3 12.8 

Nitrogen (g/person/day 5-7 15-19 

Total phosphorus (g/person/day) 0.7-2.5 1.1-2.2 

pH - 7.1-9 

Protein (g) 4-12 

Adapted from Resources, conservation, and Recycling 55 (2011) 400-408 



 
Decrease in incidence of diseases among genders after installation of 

biogas in Nepal  

 

Renewable and Sustainable Energy Reviews 13 (2009) 2668–2674  



 
 

Fuel used for cooking and lighting before and after the biogas 
installation in Nepal   

 

Renewable and Sustainable Energy Reviews 13 (2009) 2668–2674 ) 



Average cost before and after implementation of biogas plants in 
India between 2001 and 2005 

Human Ecol (2008) 36: 435-441 



Biogas production potential of agricultural 
wastes and manures of Haiti 
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Percent contribution to total Haitian energy demand 
by methane from the anaerobic digestion of 
biowastes.  Assumptions of 70%  of all biowastes are 
collected Anaerobic digester appropriate for 

Haitian rural areas  
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