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Sanitation challenges 
• 62 % improved sanitation 

 
• 40 % sanitation including treatment 

 
• Spread of  disease 

 
• Health burden from nutritional  
       deficiencies higher than from  
       unsafe water, sanitation and hygiene 

 
• Valuable nutrients are wasted 

 

Presenter
Presentation Notes
Lack of proper sanitation results in a contaminated environment from which enteric diseases are spread. However, the 2006´s global burden of disease show that health effects of poor sanitation are overshadowed by the effects of under- and malnutrition (WHO, 2009). At the same time human excreta, which to a large extent end up in water bodies via wastewater and surface runoff, contain millions of tons of fertiliser equivalents, 20 to 30 % of what the global fertiliser industry produces annually, (Koné et al., 2010, Winker et al., 2009). The use of plant nutrients from human excreta offers great potential to increase crop production and nutritional status in countries with limited use of other fertilisers (Winker et al., 2009). In sub-Saharan Africa, the annual excreta production corresponds to more than 100% of the local application of mineral fertilisers (Rockström et al., 2005).




Sanitation challenges 
Sanitation system often requires: 
 
• Large infrastructural system 

 
• Complex investments 

 
• Institutional changes 
 
How to reach the people in  
overcrowded, informal settlements? 
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Presentation Notes
According the the WHO/UNICEF Joint Monitoring Program (JMP) for Water Supply and Sanitation, excreta disposal systems are considered improved if they are private and if they prevent human contact with the excreta. However, the ‘improved sanitation’ does not necessarily include any treatment of the collected or sewer-transported excreta. When Baum et al (2013) reassessed figures classifying connections to sewerage as ‘improved sanitation’ only if the sewage was treated before discharge to the environment, they estimated that in 2010, 40% of the global population (2.8 billion people) used improved sanitation, as opposed to the estimate of 62% (4.3 billion people) from the WHO/UNICEF Joint Monitoring Programme (JMP). Disregarding what classification you choose for improved sanitation, the UN millennium development goal (MDG) no. 7, target 10: to halve the proportion of people lacking basic sanitation by the year 2015, is far from being met. Most sanitation solutions are part of larger infrastructural systems and dependent on complex investments and institutional changes whereas the majority of people lacking sanitation are poor, living in societies with weak infrastructure. The proportion living in urban slums with extreme population densities is rapidly increasing, a challenge as it comes to water and sanitation (United Nations Population Division, 2009). To accelerate sanitation coverage and increase sustainability we have to start rethinking sanitation (Jenkins and Sugden, 2006). Sustainable sanitation is a reuse-orientated sanitation approach which puts emphasis on sanitisation to develop hygienically safe, closed loop sanitation systems (Esrey, 2001) and has been identified as viable solutions for slum settings (Katukiza et al., 2012). Sustainable sanitation does not favour any specific sanitation technology and systems should be tailored to meet the needs of users and to the local conditions (Langergraber and Muellegger, 2005).




Peepoo – a new approach to an old problem 

• Peepoo is a self-sanitizing single-use biodegradable toilet  
       that after use turns faeces into safe valuable fertilizer 
• Targeting slums, schools and emergencies 
• Health improvement 

– Preventing disease dissemination 
– Nitrogen enriched fertiliser 

 

Presenter
Presentation Notes
Peepoo is a personal, single-use, self-sanitising, biodegradable toilet (Vinnerås et al., 2009) primarily targeting slums, schools and emergencies (www.peepoople.com). The Peepoo sanitation system aims to improve health both by preventing disease dissemination and by increasing crop production with a locally available fertiliser. Disease dissemination is prevented by offering the user a clean unshared toilet; by the enclosure of single defecations; by starting sanitisation of faeces immediately upon use; and that sanitisation is independent of further handling. Strengths with urea treatment is that it functions within the ambient temperature range, is non-harmful to users, and that it increases the nitrogen concentrations in waste materials destined as fertiliser.



Peepoo – technical brief 
• Biodegradable-plastic (EN13432) 

 
• 150 380 mm, 25 µm, two layer extrusion 

 
• 800 ml urine and faeces 

 
• Weight 11 gram of  which 6 g is urea 
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Presentation Notes
The Peepoo (150380 mm, 25 µm, two layer extrusion) is made of a biodegradable-plastic (EN13432) with an inner funnel (upper circumference 580 mm; length 220 mm, 12 µm, one layer extrusion). Each closed Peepoo can contain up to 800 ml of faeces and urine. The total weight is 10 grams of which 6 gram is urea contained in a filtering pouch made of cellulose and made sealable by polylactic acid threads. At present a high-speed production line is under development (BICMA Hygiene Technology GmbH, Germany).



How to use Peepoo 



Initial Launch Project Kibera 
• Started in 2010 

 
• Peepoople Kenya established 

 
• First market introduction  
       in an urban slum 
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Presentation Notes
In the end of 2010 the Peepoo sanitation solution was launched in Kibera and Peepoople Kenya was established. The ‘Initial Launch Project’ (ILP) Nairobi, is Peepoople’s first market introduction in an urban slum, and also a pilot project to develop the full value chain and business models for Peepoo in urban slums, from sales and distribution to reuse as fertilizer.



Objectives for ILP Kibera 



Objectives for ILP Kibera 
• Demonstrate the Peepoo sanitation system 

 
• Develop the full value chain 

– Distribution  
– Collection 
– Reuse of  Peepoos 

 
• Test financial feasibility of  the business 

 
• Validate the business model 

 
• Create a sustainable sanitation model that is easily scaleable which can be duplicated 

and launched 

 
 



Kibera 
• In Nairobi 5 km from city centre 

 
• 2 km2 

 

• 250 000 – 1 000 000 inhabitants 
 

• 250-300 per toilet 
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Kibera is located southwest in Nairobi about 5 kilometers from the city center. Kibera is roughly 2 km2 and in the south bounded by Mutoine river which drains into Ngong river. Kibera is approximately 140 kilometers south of the equator at an altitude of 1680 m above sea level. Most of the area is on gentle slope. According to the 2009 Kenya population and housing census report, Kibera has a population of about 800 000 people whereas other estimates are higher, around 1 000 000. Of the 17 villages in Kibera, Silanga with an area of 90 000 m2 and home to roughly 20 000 people have been the start point for the ILP Kenya whereas people in neighbouring villages and schools in other parts of Kibera also uses Peepoo as a sanitation solution.



ILP Kibera today 
• 20 000 customers 

 

• 10 000 school children in 63 schools 
 

• Peepoos sold door-to-door, in kiosks and by school 
attendants 

 

• Sold for 3 Euro cent – 1 Euro cent in refund when 
handing in used Peepoo at drop point 
 

• Today 4 drop points in 4 villages 
 

• Average daily collection: 5 000 Peepoos = 1 ton 
 

• Intermediate storage area in Kibera 
 

• Brought to Kirinyaga county to be used as fertiliser 
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Peepoos are sold directly, door-to-door to end-consumers by women micro-entrepreneurs. Peepoo are sold for 3 Kenyan shilling (KES). The sales model has evolved from being salary based with commission to be entirely based on commission. Today, August 2013, the number of regular users is approximately 20,000 persons of which half are school children in 63 schools in 10 villages in Kibera and the rest are used in the community, mainly in Silanga and Laini Saba. The Peepoos used in schools and the usage is supported by an attendant helping the children. At the school the Peepoos are collected daily and there is no refund involved. Used Peepoos from the community are brought by customers or independent collectors to four drop-points staffed by service operators and open daily. At the drop-point, a refund of 1 KES is paid for each used Peepoo that is delivered. 
 
The system of 1 KES refund have generated informal economies where some persons collect used Peepoos from their neighbours in exchange of the refund. The average number of the daily use is currently about 5, 000 Peepoos resulting in more than one ton of mainly human faeces collected per day. The Peepoos are collected in Jumbo bags (woven polypropylene bags with a tube liner) held in place by a movable rack. From drop-points, used Peepoos are transported daily to a storage area where the used Peepoos are sanitised for 4 weeks within the Jumbo bag.



Peepoo school programme 
• Provide sanitation: 

– Training 
– Hand washing units 
– Privacy cabins 
– Urine soak pits  

 
• Vision: Child to community 

information 



Collection and fertiliser reuse  ILP Kibera 



Drop point: open between 6 am – 4 pm 



Daily transport from drop points 



Conclusions ILP Kibera 
• Elders and informal leaders acceptance of   
       project before start is of  high importance 

 
• Avoid giving out anything for free  
       to fight the “NGO syndrome”. 

 
• Introducing new unconventional products  
       take time 

 
• Informal schools lack funding 

 



Sanitising faeces with urea 
• Urea decomposes upon contact with enzymes in 

faeces 
 

• Ammonia and carbonates inactivates pathogens 
 

• Individual stools treated with 6 gram urea 
 

• Analysed after 2 and 4 weeks at 24 ºC 
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The sanitisation in the Peepoo is based on the contained urea. The urea degrades upon contact with bacterial enzymes in the faeces to form ammonia and carbonates, both of which contribute to pathogen inactivation (Park and Diez-Gonzalez, 2003). Toxic effects from unionised ammonia (NH3) on several types of organisms have long been known (Warren, 1962) and the biocidal effects have been confirmed on various bacterial (Park and Diez-Gonzalez, 2003, Mendez et al., 2004), viral (Emmoth et al., 2011, Ward, 1978, Cramer et al., 1983), and parasitic (Pecson et al., 2007, Nordin et al., 2009, Jenkins et al., 1998) pathogens. Inactivation rates are related mainly to NH3 concentration and temperature (Pecson and Nelson, 2005, Nordin, 2010), whereas an alkaline pH is crucial to push the ammonia equilibrium towards NH3 (Emerson et al., 1975). 

Stools were treated with 6 g urea, as in the Peepoo, and pathogens and indicator organisms was analysed after 2 and 4 weeks. Sanitisation was assessed by Salmonella spp (ISO-6579), total thermo tolerant coliform bacteria (ISO-6579) and parasite egg/cyst count (WHO 2009) where the parasite eggs extracted from faecal samples (mainly Ascaris and Taenia) was incubated in 0.1 N sulphuric acid for 21 days to allow for viability testing (Arene, 1986).




Parasite infections (n=80) 

Presenter
Presentation Notes
In untreated faecal stool samples from Kibera total thermo tolerant coliform bacteria (TTC) concentrations ranged from 105 to 109 colony forming units (cfu) g-1. About 48 % (38 of 80) were tested positive for parasites with Ascaris lumbricoides and Trichuris trichura (whip worm) the most common worm infection whereas also Entamoeba coli, Entamoeba histolytica causing and hook worm were prevalent at lower rates. Of the parasites Ascaris lumbricoides had the highest concentration, at the most 132 eggs per g faeces.




Number of  infections (n=80) 

0 
1 
2 
3 
4 



Sanitisation 
• Total thermo tolerant coliform bacteria 105-109 cfu g-1 faeces 

– Not detected after 2 weeks (<10 cfu/ gram faeces)  
 

• Entamoebas cysts and Hook worm eggs 
– Not detected after 2 weeks 

 
• Whip worm 

– After 2 weeks eggs detected but not viable 
  
• Ascaris 

– After 2 weeks viability reduced 40 % 
– After 4 weeks  - no viable eggs 

 
• Ascaris a conservative indicator for ammonia sanitisation 

Presenter
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After 2 weeks the total thermo tolerant coliform bacteria were not detected (<10 cfu/ gram faeces) in 39 out of 40 samples. This gave at average a reduction of more than 5 log10 with a more than 7 log10 as the highest measured reduction. After 2 weeks protozoan cysts and hook worm eggs not detected whereas Taenia eggs were detected but no longer viable. Ascaris eggs had egg viability up to 60 % whereas after 4 weeks no viable eggs were detected.

Ascaris eggs (lumbricoides and suum) are considered to be very persistent towards chemical treatments as e.g. liming where they can survive pH 12 for almost 3 months (Eriksen et al., 1995). Several studies have showed the efficiency of ammonia towards Ascaris spp. but due to being laboratory studies eggs have been extracted from worm uterus (Nordin et al., 2009) or faecal material (Pecson and Nelson, 2005) and later added to studied matrix. The present study allowed the study of Ascaris egg inactivation in naturally infected faeces along with other parasites. The higher reduction of Ascaris eggs in comparison to other worms and protozoan parasites prove the validity of using Ascaris eggs as a conservative measure also for ammonia sanitisation.




Bag garden experiments 
• Bag gardens 90 kg 

 
• 0, 25, 50, 75 and 90 Peepoos/sack 

 
• Seedlings (16/sack) 

– kale or spinach 
 

• Soil samples 
– Soil nutrients 
– Water holding capacity 

Presenter
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Soil nutrients and water holding capacity was studied in vertical bag gardens (Figure 1) containing 90 kg of soil in completely randomized designs. The vertical bag gardens were filled by subsequent layers of soil and Peepoos containing excreta and the center of the sacks had a water distribution system made of a core of gravel, if not stated otherwise. After construction the sacks were watered daily for one month after which seedlings of kale (Brassica oleracea var. acephala) and spinach (Spinacia oleracea) were planted (16 seedlings per sack). After cropping and harvesting the soil from the soil from the vertical bag gardens were sampled for analysis of nutrients and water holding capacity with a soil auger.




The pH and soil nutrients for soil from bag 
gardens constructed with Peepoo 
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Soil nutrients were studied at four Peepoo rates (0; 50; 75 and 90) cultivated with spinach, performed in triplicates. Air dried and sieved (2 mm) soil samples were analyzed for total N, inorganic-available N (NH4+ & NO3), extractable phosphorus (P) and potassium (K). The pH was measured in soil diluted 1:2.5 with distilled water. Total N was determined by wet oxidation using Kjeldahl digestion and distillation procedures. Phosphorus and potassium were extracted by Mehlich-3 procedure and then measured by automated colorimetry using an Atomic Emission Spectrophotometer.
 
The construction of vertical bag gardens with Peepoo resulted in a soil that after the cultivation period had significant increase in plant nutrients compared to the soil from bag garden with no Peepoos (Table 1). The highest concentration of nutrients was however measured in in soil form vertical bag gardens with 50 Peepoos. 



Conclusion soil nutrients 
• Nutrient content significantly increased 

 
• Not a linear increase 

 
• May be explained by the crop yield  
       which were a parameter that was not analysed 
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The highest concentration of nutrients was measured in in soil form vertical bag gardens with 50 Peepoos. One explanation why there were lower concentrations with higher application may depend on the crop yield produced. If a higher yield were accomplished with a higher rate of Peepoos more nutrients would have been allocated in the plants compared to the soil. This hypothesis could however not be verified. However, the nutrient content was increased for all application rates.



Water holding capacity 
Soil gravimetric moisture content  in  
relation to Peepoo application rates 
 
• gravel centred (squares) pipe centred 

(circles)  
 

• depth 0-15 cm (grey) 
 

• Depth 15-30 cm (black) 
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Water holding capacity of soil were studied at four Peepoo application rates (0, 25, 50 and 75), two sack garden designs (gravel centered and piped centered), planted with two crops (kale and spinach) performed in triplicates. To determine water content at field capacity soil samples were taken two days after watering to saturation at depth 0-15 and 15-30 cm from surface. The gravimetric moisture content (% water per dry soil) was determined by drying for 24 hours at 105 ºC.

The construction of vertical bag gardens with Peepoo resulted in a soil that had a water holding capacity that increased with increased Peepoo application rate, however not linear. The choice of crop, kale or spinach, had no effect on the water holding capacity (p=0.511), whereas had the other factors on a 0.001 significant level. The only interaction was between Peepoo application rate and water distribution design.



Conclusions water holding capacity 
• Increased with increased Peepoo application rate 

 
• Higher water holding capacity deeper down in sacks 

– Less decomposition of  carbon 
– Evaporation after field capacity was meet may  
      have occurred in surface 

Presenter
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The water holding capacity which increased with increasing application of Peepoos, it can be attributed to the organic carbon which can be assumed partly decomposed , less decomposed deper down in the vertical gardens, however it may be explained by that the moisture content was lower than the field capacity where water may have been evaporating since the surfaces of the vertical bag gardens where not covered during the two days for the field capacity to stabilise. The higher moisture content for the piped water distribution system may be a result for a more even distribution of water within the vertical gardens.




Crop response test – pot experiment 
• Dry material derived from Peepoos burried in ground for 1 year 

 
• Compared to: 

– Compost (abattoir waste or house hold waste) 
– Manure (cow, goat or poultry) 

 
• Diammonium phosphate (DAP) 

 
• Organic fertilisers 5 and 10 t ha-1 

 
• DAP 60 and 30 kg N ha-1 

 
• Maize variety Duma 43 

 
• Harvested 9 weeks after crop emergence 
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Peepoo dry material derived from Peepoos buried in the ground for one year was used to test the crop response of Maize variety Duma 43 in comparison with two composts (originating from abattoir waste and house hold waste), three manures (cow-, goat- and poultry manure), and diammonium phosphate (DAP). The DAP was applied 60 kg N ha-1 whereas the organic fertilisers at a rate of 5 and 10 t ha-1. Assuming 38,000 maize plants per hectare resulted in actual amounts fertilisers per plant, i.e. pot of 4.5 and 9 g DAP and 130 and 260 g organic fertiliser. The pots was watered initially and three times a week. Nine weeks after crop emergence the maize was harvested, stalks and roots were shredded into smaller pieces and oven-dried at 105°C.




Crop response test 
The maize shoot and 
 root yield (g dry matter)  
after high (dark) and  
low (light) application of  
fertilisers 

Presenter
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The soil used was moderately acidic (pH 5.1) and low in organic C (1.74%), total N (0.12 %), extractable P (0.61 mg kg-1) and cation exchange capacity (CEC) (9.0 cmol (+) kg-1). The general trend was that higher dry matter was produced above ground, whereas the higher fertiliser dose did not necessarily give a higher yield (Figure 2b).
 
Shoot and root biomass were highest in Peepoo compost treated pots whereas the DAP that was applied according to recommended dosage (high) did rank among the middle in yield. 




Crop response test 
• Yield and fertiliser did not correlate 

 
• Peepoo produced tassle and silk earliest 

 
• Poultry manure gave the greenest plants 

 
• Cow manure and abbatoire waste showed 

nutrient deficiencies 
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It was noted that plants fertilised with Peepoo produced tassel and silk earlier than on the other fertilisers. Crops on pots treated with poultry manure showed low growth vigour during the initial stages of crop establishment whereas in the end of the nine weeks they exhibited fast growth and the crops were greener than the rest. Maize plants planted fertilised with cow manure and abbatoire waste compost exhibited rapid growth during the initial stages of crop establishment but were chlorotic with thin stems and purple colour at week nine.



Conclusions Peepoo fertiliser 
• Peepoo fertiliser the highest in Mn and Fe  
       but not in NPK 

 
• Probable qualities 

– Balance between macro and micro nutrients 
– Direct and slow release of  nutrients 

 
• A poor soil  - high effect from fertilisers 

Presenter
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Comparing the fertilisers addition of g nutrients per pot the Peepoo fertiliser held the highest application only for the micro nutrients Mn and Fe indicating that it was the balance of the macro and micro nutrients that gave the highest dry matter yied as well as health plants that matured early. Chlorotic and purple plants, as observed for maize fertilied with cow manure and abbatoire waste compost indicate N and P deficiency. Since the soil used for the pot experiment was low in beneficial soil attributes provided by soil organic matter such as, improved soil water holding capacity, supply of crop nutrients and improved microbial activities among other benefits, the effect of Peepoo application was probably higher compared to a soil higher in organic content.





http://www.youtube.com/watch?v=en3yM57WitI&feature=youtu.be
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