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SUMMARY IN ENGLISH 

This study was conducted in Kenya where Peepoople AB operates in 
one of the largest slums of Africa, Kibera. Peepoople produces, 
distributes and collects Peepoos in Kibera. 

More than 2.5 billion people in the world live in conditions of poor 
sanitation and approximately 1.2 billion lack access to toilets (World 
Health Organization, 2008). In the past, intensive agriculture has been 
practiced in parts of the world with low income causing land 
degradation, reduced yields and increased poverty."Peepoo" which is a 
self-santizing and completely biodegradable toilet, can be a potential 
solution to health problems for the world's low-income people and also 
the agricultural challenges. 

Peepoo, self-sanitising, biodegradable toilet is characterized by low 
carbon to nitrogen (C-N) ratio and low dry matter (DM) content. 
Principal nutrients (nitrogen (N), phosphorous (P) and potassium (K)) 
are also not in a balance as required by most crops. It was expected that 
the mixing of used Peepoos with other organic materials might balance 
its chemical characteristics. In this thesis, availability and suitability of 
common organic materials produced in Kenya has been investigated for 
mixing with used Peepoo bags to obtain a balanced fertilizer product 
from the crop nutrition aspect. Seven organic residues were selected 
from the list of 13 on the basis of their availability near the processing 
site in Nairobi. The selected residues were then chemically analyzed for 
their individual plant nutrient content. The analysis results were used 
subsequently to simulate the chemical composition of a wide range of 
Peepoo-Residue mixtures. The evaluation of the theoretical mixtures 
based on DM content, C-N ratio and NPK ratio showed that the 
majority of investigated mixtures had DM content below 60 %. Majority 
of the mixtures showed C-N ratio between 10-1:1. All the mixtures 
deviated from the common nutrient uptake ratio of crops (1:0.5:1.4). 
Composite mixtures with more than 2 ingredients resulted in a balanced 
fertilizer product. The study concludes and recommends that the 
composite mixtures with more than two ingredients should be 
considered for practical processing of Peepoos into a commercial 
fertilizer product. 
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                     SUMMARY IN SWEDISH 

Denna studie har genomförts i Kenya där Peepoople AB verkar i en av 
de största slumområdena i Afrika, Kibera. Peepoople producerar, 
distribuerar och samlar upp Peepoos i Kibera. 

Mer än 2,5 miljarder människor i världen lever under förhållanden med 
dålig sanitet och 1200 miljoner saknar tillgång till toalett (World Health 
Organization, 2008). I det förflutna har intensivt jordbruk praktiserats i 
delar av världen med låginkomsttagare vilket leder markförstöring, 
minskad avkastning och ökad fattigdom. "Peepoo" som är en 
självrenande och helt biologiskt nedbrytbar toalett, kan vara en 
potentiell lösning på sanitära problem för världens låginkomsttagare. 

Kemisk analys av Peepoo visar att kol-kväve-förhållandet lågt liksom 
även TS, torrsubstansen. Huvudsakliga näringsämnen (N, P och K) är 
inte heller i balans. Kol-kväve-förhållande för organiska gödselmedel 
bör vara inom ett optimalt intervall (10-20) då mineraliseringshastighet 
av näringsämnen beror på kol-kväve-förhållandet. TS-halten är viktig för 
hantering av organiska gödselmedel. Vid Peepoos har den en mycket 
större betydelse eftersom Peepoos är för blöt att accepteras av 
jordbrukarna. Ett balanserat näringsämnesförhållande är nödvändig för 
växternas tillväxt och för att ge maximal avkastning. Blandning av rivna 
Peepoos med andra organiska material kan balansera de kemiska 
parametrarna. 

I denna studie har tillgänglighet och lämpliga organiskt material i Kenya 
studerats. Sju organiska restmaterial har valts på grundval av deras 
tillgänglighet i Nairobi. Kemisk analys av Peepoos och utvalda organiska 
restmaterial användes för att uppskatta lämplighet för blandning med 
Peepoo baserat på kemiska parametrar för Peepoo-restmaterial 
blandningar (Peepoo-restmaterial 1:1, 1:2, 1:3, 1:4, 1: 5, 2:1, 2:3, 2:5, 3:1, 
3:2, 3:4, 3:5, 4:1, 4:3, 4:5. 5:1, 5:2, 5:3 och 5:4). Teoretisk utvärdering 
genomfördes baserad på TS-halten, kol-kväve-förhållande och N-P-K-
förhållande. Majoriteten av blandningarna har TS-halten under 60% och 
kol-kväve-förhållandet mellan 10-1:1. Peepoo-restmaterialblandningar 
avviker från det allmänna N-P-K-förhållande för näringsupptag 
(1:0.5:1.4) som redovisats av Roy et al. (2006). Sammansatta blandningar 
med mer än två ingredienser kan balansera kol-kväve-förhållandet och 
även näringsinnehållet. 

 

 

 

 

 

 

 

 

 

 



                      Arslan Ahmad                                                TRITA LWR Degree Project, LWR-EX-2014:04 

 

viii 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



               Evaluation of organic residues and their mixtures with Peepoos to produce fertilizer 

 

ix 

ACKNOWLEDGEMENTS 

I would like to express my deepest gratitude to my advisor at KTH, 
Prof. Elzbieta Plaza, and to my advisor at SLU, Dr. Annika Nordin for 
their excellent guidance and caring patience during my research. I would 
also like to thank Prof. Håkan Jönsson from Swedish University of 
Agricultural Sciences (SLU) and Prof. Nancy Karanja from University of 
Nairobi who helped me with their technical expertise. I would like to 
thank Camilla Wirseen for her wonderful support during and after my 
stay in Kenya. I would never have been able to finish my thesis without 
the guidance of the supervisors, help from friends, and support from my 
family. 

. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



                      Arslan Ahmad                                                TRITA LWR Degree Project, LWR-EX-2014:04 

 

x 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



               Evaluation of organic residues and their mixtures with Peepoos to produce fertilizer 

 

xi 

TABLE OF CONTENTS 

          Dedication                                                                                                            iii 

          Summary in English                                                                                             v 

          Summary in Swedish                                                                                           vii 

          Acknowledgements                                                                                              ix 

  1. Introduction                                                                                                  1 

  2.Objectives                                                                                                      2 

  3.Theory and Literature                                                                                  2 

  3.1 Crop Nutrition                                                                                                         2 

  3.2 Organic sources of plant nutrients-Organic fertilizers                                        3 

  3.2.1 Crop residues, manures and compost                                                                  3 

  3.2.2 Human excreta                                                                                                     5 

  3.3 Faecal treatment                                                                                                    8 

  3.3.1 Primary                                                                                                                8 

  3.3.2 Secondary                                                                                                            8 

  3.4 Inorganic sources of plant nutrients-Mineral                                                    10 

  3.5 Agricultural challenges in Kenya                                                                        10 

  3.5.1 Soil fertility                                                                                                        11 

  3.5.2 Acidification                                                                                                      12 

  3.5.3 Salinization                                                                                                        12 

  3.5.4 Low water holding                                                                                             12 

  3.5.5 Climate change                                                                                                   13 

  3.6 The Peepoo                                                                                                           13 

 4.Methodology                                                                                                  16 

 4.1 Screening of organic residues                                                                               16 

 4.2  Theoretical evaluation of selected organic residues and their mixtures with 

peepoos                                                                                                                         16 

4.3 Sampling and analytical procedures                                                                     17 

5.Results and Discussion                                                                                  17 

5.1 Screening of organic resources                                                                              17 

  5.1.1 Organic residues produced in Kenya and their nearest availability                    17 

5.2 Theoretical evaluation of organic residues and their mixtures                          23 

  5.2.1 Organic residues                                                                                               23 

  5.2.2 Peepoo-Residue mixture                                                                                   25 

  5.2.3 Recommendations for balanced Peepoo-Residue mixture                                 29 

 6.Limitations of the study and recommendations                                         30 

 7.Conclusion                                                                                                     31 

          References                                                                                                           31 

          Appendix I - Chemical parameters of peepoo-residue mixtures                  - 1 - 

          Appendix II - Plates                                                                                         - 8 - 

 



                      Arslan Ahmad                                                TRITA LWR Degree Project, LWR-EX-2014:04 

 

xii 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



               Evaluation of organic residues and their mixtures with Peepoos to produce fertilizer 

 

1 

ABSTRACT                                 

Peepoo, self-sanitising, biodegradable toilet is characterized by low 
carbon to nitrogen (C-N) ratio and low dry matter (DM) content. 
Principal nutrients (nitrogen (N), phosphorous (P) and potassium (K)) 
are also not in a balance as required by most crops. It was expected that 
the mixing of used Peepoos with other organic materials might balance 
its chemical characteristics. In this thesis, availability and suitability of 
common organic materials produced in Kenya has been investigated for 
mixing with used Peepoo bags to obtain a balanced fertilizer product 
from the crop nutrition aspect. Seven organic residues were selected 
from the list of 13 on the basis of their availability near the processing 
site in Nairobi. The selected residues were then chemically analyzed for 
their individual plant nutrient content. The analysis results were used 
subsequently to simulate the chemical composition of a wide range of 
Peepoo-Residue mixtures. The evaluation of the theoretical mixtures 
based on DM content, C-N ratio and NPK ratio showed that the 
majority of investigated mixtures had DM content below 60 %. Majority 
of the mixtures showed C-N ratio between 10-1:1. All the mixtures 
deviated from the common nutrient uptake ratio of crops (1:0.5:1.4). 
Composite mixtures with more than 2 ingredients resulted in a balanced 
fertilizer product. The study concludes and recommends that the 
composite mixtures with more than two ingredients should be 
considered for practical processing of Peepoos into a commercial 
fertilizer product. 

Key words: C-N ratio; Dry matter, Organic residues; pH; Peepoos; Sanitation 

1. INTRODUCTION 

More than 2.5 billion people in the world live in conditions with poor 
sanitation facilities and 1.2 billion practice open defecation (World 
Health Organization, 2008). In Kenya, a low income country in east 
Africa, 5.6million people have no latrine at all and forced to defecate in 
the open (Water and Sanitation Program, 2012). In Nairobi, capital of 
Kenya, 60% of the people live in various informal settlements or slums, 
of which Kibera is the largest with a population of almost 1 million 
(Kibera UK, 2012). Urban services such as water and sanitation are 
scarce in these informal settlements and people live in very small houses. 
For example, there are in total 9 small villages in Kibera with no 
residence greater or bigger than a single storey. People in Kibera excrete 
in the open and in ordinary plastic bags which are called ‘flying toilets’ 
and which have choked the streets of this community. Flying toilets and 
open defecation has a strong relation with contamination of ground 
water resources and thus spread of pathogens between humans. There is 
an urgent need to do serious efforts regarding the improvement of 
sanitation situation in various slums of the low income world. 

Kenya is an agricultural country with three quarters of its estimated 23 
million population engaged in agriculture. Due to high population 
density, land for farming in most parts of Kenya is scarce.  In the past, 
intensive farming has been practiced in most parts of Kenya resulting in 
land degradation, decreased farm yields and increased poverty. Rain-fed 
farming is the main source of livelihood for majority of the rural people 
in Kenya, but in the recent years this livelihood strategy has become 
unreliable due to climate change, prevalent droughts and the seasonality 
of the rains. The withdrawal of subsidies has led to high prices of 
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fertilizers and therefore their use has been decreased especially in small 
scale farmers (Greenland & Nabhan, 2001). Studies show that soils in 
most sub-Saharan African countries have inherent low fertility and do 
not receive adequate nutrient replenishment (Greenland & Nabhan, 
2001). This situation leads to low land productivity and even crop 
failures. There is an urgent need for efforts that can guarantee food 
security in Kenya and other countries of low income world that are 
facing similar agricultural problems. 

“Peepoo” which is a self-sanitizing and fully biodegradable toilet can be a 
potential solution to both sanitation and agricultural problems in Kenya 
and other countries of the low income world. It is a low cost plastic bag 
designed by architect Professor Anders Wilhelmson (Peepoople, 2012). 
It is used as a private, single use toilet in areas where people suffer from 
lacking toilet facilities. The sanitation technology working inside the bag 
has been developed by Bjorn Vinnerås and Annika Nordin from Swedish 
University of Agricultural Sciences (SLU). After use, the bag safely 
transforms collected human faeces into pathogen-free fertilizer in a short 
period of time (Peepoople.com, 2012). The sanitisation is based on urea 
which gives a higher nitrogen (N) content compared to untreated 
excreta. An analysis of sanitized Peepoos from Kibera indicates that used 
sanitized Peepoos at average contain 5.57 g nitrogen (N), 0.50 g 
Phosphorous (P) and 0.57 g Potassium (K) (Nordin, 2010). These figures 
depict well the usability of Peepoos to fertilize the agricultural fields. In 
order to make the material socially more accepted (less faeces-like), the 
Peepoos can be chopped, shredded and mixed with other organic 
materials. The mixing may improve carbon to nitrogen ratio (C-N ratio) 
and NPK ratio of Peepoos as well. C-N ratio of Peepoo is 2.31:1. 
Expressed as principal nutrients N, P2O5 and K2O are also not in a 
balance compared to the general nutrient uptake ratio (1:0.5:1.4) 
suggested by Roy et al., (2006). Organic resources (organic residues) such 
as crop residues and organic wastes are already in use as sources of plant 
nutrients and to improve the physical properties of soil (Barbarick, 2012).  

2. OBJECTIVES 

In this study theoretical evaluation of the available organic residues (in 
Kenya) and their mixtures with Peepoos has been conducted. Prior to 
this study a desk survey identified 13 organic residues as potential 
options for mixing with Peepoos. The organic residues included bagasse, 
barley straw, charcoal dust, coffee husks, coffee pulp, cow manure, 
coconut fibre, filter mud, goat manure, maize stalks, rice husk, saw dust, 
and wheat straw. The aim of this thesis was to first address the 
availability of the residues in proximity to Nairobi and then analyse and 
compare the chemical properties/parameters (DM, C, N, P, K, P2O5, 
K2O, C-N ratio) of the available residues along with their mixtures with 
Peepoos.  

3. THEORY AND LITERATURE 

3.1 Crop Nutrition 

All crops require nourishment in order to grow, reproduce and survive. 
Plants need sufficient light, suitable temperature, water, carbon dioxide 
CO2, oxygen, and a number of macro and micro-nutrients throughout 
their growth period. Different plants require different types and amounts 
of nutrients.  A total of 16 elements have been found to be essential for 
plant growth (Roy et al., 2006). They include carbon (C), oxygen (O), 
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hydrogen (H) and 13 macro and micro-nutrients which are listed 
(Table 1). Carbon and Oxygen are obtained from the gas CO2, and 
hydrogen is obtained from water (Gachene & Gathiru, 2003). Oxygen, 
carbon and hydrogen make up 95 percent of plant biomass, and the 
remaining 5 percent is made up by other elements (Roy et al., 2006). 
Plants require all the essential nutrients in balanced amounts depending 
on their stage of development. Fertilizers (organic and inorganic) are 
commonly applied to soils to supply different nutrients. According to 
Liebig’s law of minimum, the growth of a plant is limited by the nutrient 
that is in shortest supply (Martin, 1991). Hence, when the supply of 
shortest plant nutrient is improved, some other nutrient may become 
limiting and controls plant growth. 

Fertilizers are organic or inorganic materials of natural or synthetic origin 
which are added to soils to supply one or more essential elements to the 
growth of plants (Gachene & Gathiru, 2003). In organic sources (organic 
fertilizers), nutrients are variable and in low concentrations, unlike 
inorganic sources (mineral fertilizers) whose nutrient concentration is 
high and known. However, organic fertilizers raise the level of soil 
organic matter in the soil which improves soil structure, aeration and 
water-holding capacity of the soil (Gachene & Gathiru, 2003). 

3.2 Organic sources of plant nutrients-Organic fertilizers 

Organic sources of plant nutrients or organic fertilizers are derived 
principally from substances of plant and animal origin. These sources 
cover manures made from cattle dung, excreta of other animals, other 
animal wastes, rural and urban wastes, composts, crop residues, human 
excreta and even green manures (Roy et al., 2006). The use of different 
kinds of organic fertilizers in agriculture is not novel. Soils have been 
amended with organic resources such as garden waste composts, residues 
from digestion of solid waste, filter mud and bagasse ash from sugarcane 
industry etc (Laghari et al., 2010).   

Low income countries have traditionally utilized organic materials to 
maintain and even improve the productivity, tilth, and fertility of their 
agricultural soils (Parr & Colacicco, 1987). Organic fertilizers also served 
as the principal source of plant nutrients in U.S. agriculture until early 
1950's (Parr & Colacicco, 1987). These materials contain substantial 
amount of carbon which when added to the soil, increases the humus 
content and water holding capacity. Many organic fertilizers contain 
other components in addition to organic matter and macronutrients (N, 
P, K) which can contribute significantly to higher crop yields. These 
include secondary nutrients (S, Fe, Mg), micronutrients (Cu, B, Zn, Mn, 
Mo), and sometimes lime (Parr & Colacicco, 1987). Addition of organic 
resources to soils is important for root penetration, and for adequate 
drainage and aeration.  

3.2.1 Crop residues, manures and compost 

Crop residues such as sugarcane bagasse, bagasse ash, coffee husks, rice 
husks, coconut fibre, wheat straw, rice straw, maize straw etc. are widely 
used in agriculture as organic fertilizers. Researchers consider bagasse 
and bagasse ash as good sources of micronutrients such as Fe, Mn, Zn 
and Cu (Jamil et al., 2004). Filter cake (filter mud) is a major waste 
product from sugarcane industry which when applied to land increases 
the soil fertility by supplying N and P for the growth of crops 
(Ossom, 2010). Coffee Husk is a fibrous sub-product obtained during 
the processing of raw coffee beans. It is rich in organic matter, which 
makes it an ideal substrate for microbial processes that take place in soil. 
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Similarly rice husks and coconut husks are burned to form ashes which 
can be used as fertilizer (Ebaid & El-Rafaee, 2007). The mean plant 
nutrient content of some crop residues in terms of % dry weight has 
been provided (Table 2). In addition to meat, livestock operations 
produce a valuable commodity-manure. Animal manure can be an asset 
for producers if effectively managed and properly used on fields (Zhang, 
2010). Besides providing valuable macro- and micronutrients to the soil, 
manure supplies organic matter to improve the soil’s physical and 
chemical properties (Zhang, 2010). It also increases infiltration of water 
and enhances retention of nutrients, reduces wind and water erosion, and 
promotes growth of beneficial organisms (Zhang, 2010). The mean plant 
nutrient content of common manures in terms of % dry weight has been 
provided (Table 3). Composts have also been used successfully to 
improve the physical and chemical properties of soils and to increase the 
growth of various crops. Composts are processed through the action of 
micro-organisms on a variety of organic wastes such as leaves, roots and 
stubbles, crop residues, straw, hedge clippings, weeds, bagasse, sawdust, 
kitchen wastes, and human habitation wastes (Roy et al., 2006). The 
process depends upon various factors which can be optimized in relation 
to micro-organism activity (Gachene & Gathiru, 2003). Carbon: nitrogen 
ratio (C: N) indicates how suitable a material is for composting. The best 
ratio of C-N ratio is about 30:1 (Gachene & Gathiru, 2003). The C-N 
ratio of the final compost has an effect on mineralization of N when 
applied to soil. A very high C-N ratio demineralizes N from the soil store 
whereas a low C-N ratio adds N to soil store of nutrients.  

Table 1: Plant nutrients, their forms absorbed and source (Roy 
et al., 2006; Gachene & Gathiru, 2003). 

Nutrients Forms absorbed Derived from 

Macronutrients   

Nitrogen (N) NH4
+
, NO3

-
, amino acids

-
 

Derived from soil solids, 
and some from air 

Phosphorous (P) H2PO4
-
, HPO4

2-
 

Derived from soil solids, 
and some from air 

Potassium (K) K
+
 

Derived from soil solids, 
and some from air 

Sulphur (S) SO4
2-
 

Derived from atmospheric 
deposits 

Calcium (Ca) Ca2
+
 

Derived from soil solids, 
and some from air 

Magnesium (Mg) Mg2
+
 Derived from soil solids 

Micronutrients   

Boron (B) H3BO3, H2BO3
-
 Derived from soil solids 

Iron (Fe) Fe
2+

 Derived from soil solids 

Manganese (Mn) Mn
2+

 Derived from soil solids 

Copper (Cu) Cu
+
, Cu

2+
 Derived from soil solids 

Zinc (Zn) Zn
2+

 Derived from soil solids 

Molybdenum (Mo) MoO4
2-

 Derived from soil solids 
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Table 2: Mean plant nutrient content (% dry weight) of some 
crop residue (Parr & Colacicco, 1987). 

Material Nitrogen (N) Phosphorous (P) Potassium (K) 

Wheat straw 0.49 0.11 1.06 

Rice straw 0.58 0.10 1.38 

Maize straw 0.59 0.31 1.31 

Sugarcane trash 0.35 0.04 0.50 

Soybean straw 1.30 - - 

 

Table 3: Mean plant nutrient content (% dry weight) of some 
manures (Parr & Colacicco, 1987). 

Material Nitrogen (N) Phosphorous (P) Potassium (K) 

Cattle manure 1.91 0.56 1.40 

Sheep manure 1.87 0.79 0.92 

Swine manure 2.80 1.36 1.18 

Poultry manure 3.77 1.89 1.76 

 

The C-N ratio of some compostable materials is given (Table 4). Some 
animal wastes other than excreta such as blood meal, bone meal etc. can 
also be used as a useful nutrient supply to soils. The mean plant nutrient 
content in terms of % dry weight of some animal wastes is provided 
(Table 5). 

3.2.2 Human excreta  

Most of the plant nutrients in the crop are later found in food (Jönsson 
et al., 2004). Humans only retain a very small amount of plant nutrients 
in their bodies while they grow (Jönsson et al., 2004). It has been 
calculated that Swedish youngsters between the age 2 and 17 incorporate 
into their bodies approximately 2% and 6% of the N and P consumed 
(Jönsson et al., 2004). Thus, most of the plant nutrients removed by the 
crop are later found in human excreta, urine and faeces.  Human excreta 
are considered valuable nutrient sources in a number of countries, for 
example in China, in Japan, in Korea, in some countries of Africa and in 
South-America (Malkki, 1999). The people in Vietnam, particularly in the 
northern and central provinces, have traditionally used human excreta as 
fertilizer to increase yields and to save on expensive inorganic fertilizer 
(International Atomic Energy Agency, 2008). 

The rates of human production of urine and faeces have been reported. 
According to Stockholm Environment Institute (2012), humans produce 
roughly 500 liters of urine and 50 liters of faeces per person and year. 
Jönsson et al. (2005) reported the production rate of faeces in middle 
income countries to be approximately 80-140 g/p, d (wet weight) and in 
low income countries to be on average 250-350 g/p, d. The urine 
production rate for most adults is between 1000 and 1300 g/p, d 
(Jönsson et al., 2005). 1500 g/p, d is a design value for urine production 
that has been suggested on the basis of measurements in Sweden 
(Jönsson et al., 2005; Vinnerås et al., 2009). 

The plant nutrient content of urine and faeces has also been reported. 
On average the plant nutrients contained in faeces are 550 g N, 183 g 
and 365 g K per person and year according to studies executed in 
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Sweden (Jönsson et al., 2005). The amount of plant nutrients excreted in 
urine are much higher and has been measured as 2.5-4.3 kg N, 0.4-
1.0 kg P and 0.9-1.0 kg K per person and year (Jönsson et al., 2005; 
Vinnerås et al., 2009). 

Together, the nutrients in urine and faeces add up to some 4500-4600 g 
N, 500-550 g P and 1400 g K per person per year according to studies 
executed in Sweden (Jönsson et al., 2005; Vinnerås et al., 2009). Slightly 
lower values of plant nutrients have been recorded in Uganda where 
2500 g N and 400 g P per person per year are excreted collectively in 
urine and faeces (Jönsson et al., 2004). One explanation behind this 
variation in the NPK content is the difference in quantity and quality of 
food intake in various regions of the world. Approximate values of 
excreted nutrients per person and year in different countries of the world 
have been provided (Table 6). Approximate composition of human 
faeces and urine is provided (Table 7). The main factors restricting the 
use of human excreta as fertilizer are; heavy metals, hormones, 
pharmaceutical residues and pathogens. The heavy metal content in 
excreta is generally very low and depends on the amounts present in 
consumed products (Jönsson et al., 2004). Compared to urine, the 
content of heavy metals is higher in the faeces (Jönsson et al., 2004). 
Concentrations of various metals in both urine and faeces are shown 
(Table 8). The major reason for higher heavy metal content in faeces is 
that they consist mainly of non- metabolized material (Jönsson et al., 
2004). Despite the fact that there is contamination of heavy metals in 
faeces, concentration of these substances is reported even higher in 
chemical fertilizers and farmyard manure (Jönsson et al., 2004). 

All mammals produce hormones which have long been excreted in 
terrestrial environments. A large proportion of the hormones produced 
by our bodies and the pharmaceuticals that we consume are excreted 
with the urine, but it is reasonable to believe that the risk for negative 
effects on the quantity or quality of crops is negligible (Jönsson et al., 
2004). The vegetation and soil microbes are adapted to these substances 
and can degrade them. Furthermore, the amount of hormones in manure 
from domestic animals is reported far larger than the amount found in 
human urine (Jönsson et al., 2004). 

Table 4: C-N ratio of some compostable materials (Gachene & 
Gathiru, 2003). 

Material C-N ratio 

Vegetable waste 12:1 

Legume hay 12-24:1 

Cow manure+ bedding 15-25:1 

Maize stalks 60:1 

Straw 75:1 

Grass hay 80:1 

Sugarcane fiber 200:1 

Saw dust 400:1 
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Table 5: C: N ratio of some compostable materials (Gachene & 
Gathiru, 2003). 

Material Nitrogen (N) Phosphorous (P) Potassium (K) 

Blood meal 11.12 0.66 - 

Bone meal 3.36 10.81 - 

Slaughter house 
wastes 

10.0 0.66 1.77 

 

The most important factor restricting the use of human excreta as a 
fertilizer is the presence of disease-causing microorganisms, pathogens.  
Faeces contain pathogens to a much higher degree than urine 
(Schönning and Stenström, 2004).  The pathogens that may be excreted 
in faeces include bacteria of several species (e.g. Aeromonas spp., 
Campylobacter jejuni/coli, pathogenic E. coli, Pleisiomonasshigelloides, 
Salmonella typhi/paratyphi, Salmonella spp., Shigella spp., Vibrio 
cholerae and Yersinia spp.), viruses (e.g. Enteric adenovirus 40 and 41, 
Hepatitis A virus, Hepatitis E virus,poliovirus and rotavirus), parasitic 
protozoa (e.g. Cryptosporidium parvum, Entamoebahistolytica, Giardia 
intestinalis) and helminths (e.g. Ascarislumbricoides (roundworm), 
Taeniasolium/saginata (tapeworm), Trichuristrichura (whipworm), Ancyl
ostomaduodenale/Necatoramericanus (hookworm) and Schistosoma 
spp. (blood flukes)) (Schönning & Stenström, 2004).  The majority of 
different types of faecal pathogens are a cause of gastrointestinal 
symptoms such as diarrhea, vomiting and stomach cramps (Schönning & 
Stenström, 2004). Sometimes pathogens have the ability to survive for 
long periods outside the human body. Factors such as heat, pH, 
moisture, solar radiation, nutrient availability and presence of other 
microorganisms affect their survival (Schönning & Stenström, 2004). 
Most pathogenic microorganisms enter a new host by ingestion, through 
the lungs, through the eyes, or through the skin or wounds (Schönning & 
Stenström, 2004). To avoid the risk of being exposed to pathogens it is 
important to reduce contact with the excreta, and to decrease the 
number of pathogens in the material. Fresh faeces should always be 
considered unsafe due to the potential presence of high concentrations 
of pathogens and needs treatment. It is important to avoid cross-
contamination between urine and faeces as well. Urine requires 
treatment, at least primary, due to the danger of cross contamination 
with faeces. In this thesis only faecal treatment methods are reported. 
Faecal treatment methods can be classified as primary and secondary.  

Table 6: Approximate values of excreted nutrients per person 
and year in different countries of the world (Jönsson et al., 2004). 

Country N (kg/p, yr) P (kg/p, yr) K (kg/p, yr) 

China 4.0 0.6 1.8 

Haiti 2.1 0.3 1.2 

India 2.7 0.4 1.5 

South Africa 3.4 0.5 1.5 

Uganda 2.5 0.4 1.4 
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3.3 Faecal treatment technologies 

3.3.1 Primary treatment 

There are number of objectives of the primary treatment of faeces. They 
include preventing contact with the faeces, decreasing the risk of 
odors,decreasing the risk of flies and reducing the number of potential 
pathogens (Jönsson et al., 2004). The most commonly applied primary 
treatment of faeces is addition of plant ash, sawdust, lime or dried soil 
while collecting in a ventilated chamber. These additives lower the 
moisture content of faeces and may contribute to sanitation. The ash and 
lime will also push the pH of the faeces to alkaline side (Nordin, 2010). 
The dry matter content of the mixture is far higher than that of only the 
faeces. The risk of flies is most efficiently reduced if additive is applied in 
such a way that the fresh faeces surface is never exposed (Jönsson et al., 
2004). Depending on additive nutrients may be added to faeces and 
increase their fertilizer value.  

3.3.2 Secondary treatment 

The main objective of secondary treatment is to make the faeces 
hygienically safe and transfer to a state where it is odorless and easy to 
handle. Secondary treatment of faeces has great effects on plant nutrient 
content of faeces and their plant availability. N and S are the nutrients at 
risk due to secondary treatment and the important factors controlling 
their fate are aeration and degradation that occurs during the process 
(Jönsson et al., 2004). In this thesis, the secondary treatment methods 
explained are, storage, incineration, anaerobic digestion, urea 
treatment/ammonia treatment and composting. According to Jönsson et 
al. (2004), in primary treatment substantial amount of nitrogen can be 
lost as gaseous ammonia and some organic matter can be degraded 
(Jönsson et al., 2004). Storage of faeces is a common and low cost 
method of sanitizing faeces but it takes a longer duration. Ideally the 
number of microorganisms decreases following excretion as a result of 
natural die off. The decrease in pathogens during storage depends upon 
various factors such as pH, moisture, temperature, nutrient availability, 
oxygen availability, ammonia concentration and UV exposure 
(Schönning & Stenström, 2004; Winker et al., 2008). In areas where 
ambient temperatures reach up to 20 °C, a total storage time of 1.5 to 2 
years will eliminate most bacterial pathogens, provided the faecal material 
is kept dry and will substantially reduce viruses, protozoa and parasites 
(Schönning & Stenström, 2004). However, certain types of bacteria, e.g. 
Salmonella and some indicator organisms, e.g. E. coli and Enterococcus 
spp., can increase in numbers if conditions favoring their growth are 
established in their storage container (Schönning and Stenström, 2004). 
At low temperatures long storage times are required to achieve sanitation 
of faeces (Niwagaba et al., 2006). Incineration of faeces offers a 
treatment method that not only destroys pathogens, but is also quick 
process. The other important advantage of this method is that the 
amount of material is significantly decreased. Ash from combusted 
faeces is a pathogen free and nutrient rich fertilizer with high 
concentrations of total phosphorus and potassium in particular (Jönsson 
et al., 2004). However, essentially all nitrogen and sulphur are lost with 
the gases leaving the process (Jönsson et al., 2004). Furthermore, 
incineration results in complete degradation of the organic matter 
(Jönsson et al., 2004). Practically incineration is of low interest because 
the material has to be dried below 10 % moisture content to avoid smell 
and smoke (Jönsson et al., 2004). 



               Evaluation of organic residues and their mixtures with Peepoos to produce fertilizer 

 

9 

Table 7: Approximate composition (% dry weight) of human 
faeces and urine (Parr & Colacicco, 1987) 

Composition Faeces Urine 

Organic matter 88-97 65-85 

Nitrogen 5-7 15-19 

Phosphorous (P2O5)) 3-5.4 2.5-5.0 

Potassium (K2O) 1-2.5 3-4.5 

Carbon 40-55 11-17 

Calcium 4-5 4.5-6 

C-N ratio 5-10 - 

 

Anaerobic digestion at a range of temperatures (thermophilic, mesophilic 
or ambient) is another option for secondary treatment of faeces (Jönsson 
et al., 2004). In digestion, a large proportion of the organic matter is 
degraded to methane (CH4) and carbon dioxide. In the digestion above 
ambient temperature energy from outside is required that is why it may 
be a costly treatment option. After digestion most of the plant nutrients 
are retained in digestate which should be handled with care to avoid N 
losses. 

Sanitation of faeces can also be achieved by mixing them with urea 
(Jönsson et al., 2004) or aqueous ammonia (Nordin, 2010).  Both these 
substances provide ammonia and pushes NH4

+/NH3 equilibrium 
towards NH3 (Nordin, 2010). NH3 is toxic to microbes and provides a 
very good reduction of pathogens (Jönsson et al., 2004).  The reduction 
time is dependent upon temperature and amount of NH3 formed 
(Nordin, 2010). Treatment of faeces with 1% urea achieves salmonella 
reduction levels that meet the requirements of safe reuse of faeces as 
fertilizer within 2 months at 14 0C and within 1 week at 24 0C and 34 0C 
(Nordin, 2010). The addition of 2 % urea deactivates S. Typhimurium 
phage 28 B at 24 0C and 34 0C (Nordin, 2010). This treatment of faeces 
needs to be performed in closed environment to reduce nitrogen losses 
as gaseous ammonia. The final sanitized material is richer in nitrogen 
compared to only the faeces and can be used as a fertilizer. Peepoo is a 
self sanitizing bag toilet in which ammonia/urea sanitisation is the 
working technique. 

Table 8: Heavy metal content of urine and faeces (Jönsson et al., 
2004). 

Heavy Metals Urine (µg/kg w w) Faeces (µg/kg w w) 

Cu 67 6667 

Zn 30 65000 

Cr 7 122 

Ni 5 450 

Pb 1 122 
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Composting of faeces is another very common treatment method to 
make a useful fertilizer (Niwagaba et al., 2006; Rector & Sutton, 2012). It 
is the microbiological degradation of organic material to a humus-like 
stable product under aerobic, moist and selfheating conditions 
(Niwagaba, 2009). The respiration of microbes during composting 
produces heat (Haug, 1993). A substrate based entirely on faeces may not 
be enough to achieve high temperatures but sometimes it is possible 
(Vinnerås et al., 2009, Rector & Sutton, 2012). The temperature in the 
composting mass varies, with higher temperatures in the central parts of 
the mass and lower in the outer parts (Niwagaba et al., 2009). Studies on 
composting of source-separated faeces have shown that a sufficiently 
high temperature for sanitization is hard to achieve, as temperatures 
normally only increase by 10-15 °C above the ambient temperature 
(Björklund, 2002). However, when proper insulation is provided to the 
composting mass, temperatures increase rapidly. When higher 
temperatures are maintained for a sufficient period, the compost is 
sanitized (Schönning & Stenström, 2004). In composting, pathogen 
survival despite an adequate high temperature has been observed 
(Nordin, 2010).  Non homogeneous temperature distribution in the 
composting mass is also a reason of pathogen survival as well.  

3.4 Inorganic sources of plant nutrients-Mineral fertilizers 

Today 30-50% of crop production in the world comes from the use of 
inorganic fertilizers (Gachene & Gathiru, 2003). Many prefixes such as 
synthetic, mineral, artificial or chemical are often used to describe 
inorganic fertilizers. The nutrient concentration of inorganic fertilizers is 
traditionally expressed in terms of N, P2O5, K2O, etc. For example, a 
solid NPK fertilizer 17–17–17 contains 17 percent each of N, P2O5 and 
K2O, or 51% total nutrients. There are many ways to classify inorganic 
fertilizers depending on their sources, composition, characteristics and 
applications (Gachene & Gathiru, 2003). Traditionally, fertilizers have 
been classified as straight or single and complex or compound 
(Roy et al., 2006). Straight fertilizers contain large quantity of one of the 
three major nutrients N, P or K. Many straight fertilizers also contain 
other essential plant nutrients as well, but in smaller quantities (Roy et al., 
2006).In complex or compound fertilizers at least two out of the three 
major nutrients must be present. They can further be divided in to two-
nutrient (NP) and three nutrient (NPK) fertilizers. Some common types 
of single and complex inorganic fertilizers with their nutrient 
composition have been listed (Table 9 & 10). There are other kinds of 
fertilizers as well which supply micro-nutrients to soils such as boron 
fertilizers, chlorine fertilizers, copper fertilizers, manganese fertilizers, 
iron fertilizers, molybdenum fertilizers and zinc fertilizers (Laghari et al., 
2010). 

3.5 Agricultural challenges in Kenya 

Agriculture is the major contributor of the Kenyan economy, accounting 
for 25% of the gross domestic product (Cibet, 2011). It also accounts for 
65 per cent of Kenya’s total exports and provides more than 18 per cent 
of the employment (Cibet, 2011). Growth of the national economy is 
therefore highly correlated to growth and development in agriculture. 
Today, Kenyan rural economy is largely affected by low crop yields, low 
farm incomes and increasing rural poverty (Gachene & Gathiru, 2003). A 
large proportion of Kenyan land, accounting for more than 80 per cent, 
is semi-arid and arid with an annual rainfall average of 400 mm (Cibet, 
2011). There are frequent droughts in the country and crops fail in one 
out of every three seasons (Cibet, 2011). Furthermore, soil fertility 
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degradation, soil salinization and soil acidification are significant causes 
of low land productivity in Kenya (Gachene & Gathiru, 2003). 

3.5.1 Soil fertility degradation 

Soil fertility degradation is the most important constraint to food security 
in sub-Saharan Africa (Gachene & Gathiru, 2003). Soil fertility is the 
capacity of the soil to support the growth of plants on a sustained basis, 
yielding quantities of expected products that are close to the known 
potential (Gachene & Gathiru, 2003). Nutrients are continuously 
removed from soils through harvests, erosion and leaching 
(Swift & Shepherd, 2007). Often livestock are turned into the fields after 
harvesting for grazing, or the crop residues are removed from the field as 
fodder or fuel which also removes nutrients.  

The provision of adequate and balanced amounts of nutrients to soils is 
required to maintain the productive capacity (George et al., 1993). In 
Kenya, most of the farmers are unable to maintain this balanced supply 
of plant nutrients to their fields mainly due to increased cost of inorganic 
fertilizers. Kenya’s imports of inorganic fertilizer have dropped from 
around 300,000 tonnes to just 100,000 tonnes per annum from 1983 to 
2003 (Gachene & Gathiru, 2003). Similar decrease has been reported in 
Uganda where Government imports only about 10,000 tonnes of 
fertilizer annually (Gachene & Gathiru, 2003). Small scale farmers rely on 
the use of organic manures which is often very low in nutrients due to 
poor storage, or the material is collected, stored and applied poorly 
(Gachene & Gathiru, 2003). Reasons other than nutrient deficiency for 
soil fertility degradation are physical and biological degradation of soils, 
inappropriate crop varieties and cropping systems, and pests and diseases 
(Swift & Shepherd, 2007). 

Table 9: Examples of straight fertilizers (Gachene & 
Gathiru, 2003). 

Fertilizer Nutrient composition 

Nitrogenous fertilizers  

Ammonium nitrate 34 % N 

Ammonium sulphate nitrate (ASN) 26 % N 

Calcium ammonium nitrate (CAN) 26 % N 

Calcium nitrate (CN) 16 % N 

Anhydrous ammonia 82 % N 

Sodium nitrate 16 % N 

Urea 46 % N 

Phosphatic fertilizers  

Single super phosphate (SSP) 18 % P2O5 

Triple super phosphate (TSP) 46 % P2O5 

Potassic fertilizers  

Potassium chloride 60-62 %KCl 

Potassium nitrate 44-46 % KNO3 

Potassium sulphate 50-53% K2SO4 
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3.5.2 Acidification 

The soils having less than 7.0 pH values are called acidic soils and cover 
about 13% of all the agricultural land of Kenya (Kanyanjua et al., 2002). 
The various types of acidic soils in Kenya are; Acrisols, Andosols, 
Arenosols, Cambisols, Chernozems, Ferralsols, Gleysols, Leptosols, 
Luvisols, Nitisols, Phaeozems, Planosols, Vertisols, Lixisols, Fluvisols, 
Alisols, Calcisols, Solonetz and Regosols and which have pH ranging 
from 4.5 to 6.9  (Kanyanjua et al., 2002). Natural acidification of soils can 
occur over thousands of years and the areas with high rainfall are most 
affected (Queensland Government, 2009). On the other hand, rapid 
acidification can occur over a few years under intensive agricultural 
practices (Queensland Government, 2009).  

Leaching of the nitrates is a major contributor to agriculturally induced 
rapid soil acidification (Upjohn et al., 2005). Grain and pasture are 
slightly alkaline and continued removal will also lower the soil pH over 
time (Upjohn et al., 2005). Due to acidification of soil some nutrients 
may reach toxic levels, while others become unavailable leading to 
deficiencies for the crop. The increased availability of aluminium in the 
soil solution with declining pH is example toxicity due to acidification. 
The acidification of soils leads to reduced soil productivity by limiting 
the availability of plant nutrients in the soil (Gachene & Gathiru, 
2003).Early treatment of soil acidification is very important because if it 
spreads into the sub-soil, serious yield reduction may occur. Sub-soil 
acidity is difficult and costly to control (Queensland Government, 2009). 
When soils are too acidic for a particular crop, lime or dolomite can be 
used to increase soil pH to the desired level (Queensland Government, 
2009). Generally, the target for an acid soil is to lime until it reach pH 6.5 
(Roy, 2006). Farmers in Kenya largely apply lime in order to reclaim the 
acidic soils.  

3.5.3 Salinization 

In Kenya, saline soils have been estimated to cover about 18.0 million 
hectare which is 40% of the arid and semi-arid area of Kenya (Mugai, 
2004). Salinization, also known as alkalization or sodification, is generally 
an agricultural constraint in areas where low rainfall, high evapo-
transpiration and soil textural characteristics decrease the washing out of 
the salts from the soils. Irrigation with water having high amount of salt 
worsens the problem (European commission, 2012). Salinization leads to 
reduction in water and nutrient absorption capacity of roots from the soil 
due to increased osmotic pressure (Mugai, 2004). It also causes plant 
metabolism to be retarded and toxicity due to the presence of excessive 
ions (Mugai, 2004). Saline lands can be converted to productive lands by 
preventing the influx of salt water, correcting soil toxicities, and nutrient 
deficiencies, and leaching the salts out of the root zone (Omami, 2005). 
In areas where there is naturally occurring salinity, growing salt tolerant 
crops is a solution (Omami, 2005).  

3.5.4 Low water holding capacity 

The term water-holding capacity has a relation to soil texture and 
structure. Fine-textured soils are known to retain more water than 
coarse-textured soils (Gachene & Gathiru, 2003). One of the main 
functions of soil is to store moisture and supply it to plants between 
rainfalls or irrigations. For a soil to hold sufficient water for plant 
growth, it must have a good structure, which can be attained if the soil 
has high amounts of organic matter. Soils in Kenya have generally low 
water holding capacity in arid and semi-arid regions.  
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Table 10: Examples of complex fertilizers (Roy et al., 2006). 

Fertilizer Nutrient composition 

Mono-ammonium phosphate (MAP) 11 percent N and 55 percent P2O5 

Di-ammonium phosphate (DAP) 18 percent N + 46 percent P2O5 

Ammonium nitrate phosphate (ANP) 20 percent N and 20 percent P2O5 

Potassium nitrate 13 percent N and 44 percent K2O 

 

It is because  of soil erosion and leaching of nutrients. In order to 
improve water holding capacity of their soils, farmers have to add 
organic materials such as manures, composts and crop residues as 
amendments. 

3.5.5 Climate change 

Kenya is one of those countries which will be most affected by global 
climate change. Kenya has climate and ecological extremes, with altitude 
varying from sea level to over 5000 m in the highlands. The mean annual 
rainfall ranges from less than 250 mm in the arid and semi-arid areas to 
2500 mm in agriculturally high potential areas (Kabubo-Mariara & 
Karanja, 2007). Periodic floods and droughts already are a cause of major 
socio-economic impacts and reducing economic growth in Kenya 
(Stockholm Environment Institute, 2009).Studies show that with 
precipitation remaining the same, a 3.5 0C increase in temperature would 
result in a 1% increase in high potential agricultural zones but a 24% loss 
in medium and low potential agricultural zones (Benhin, 2006). It means 
that arid and semi-arid regions are expected to become drier which is a 
serious threat to Kenyan agriculture. Those farmers which rely on rain 
water for irrigating their crops have to devise other ways in order to 
maintain the yields from the fields.  

3.6 The Peepoo solution 

Peepoo is a personal, single-use, self-sanitizing, fully biodegradable toilet 
that prevents faeces from contaminating the immediate area as well as 
the surrounding ecosystem (Peepoople.com, 2012). Peepoo is especially 
designed to provide maximum hygiene and convenience to the users. It 
is a degradable plastic bag which sanitizes faeces and converts them into 
a nutrient rich fertilizer. The sanitizing agent in Peepoo is urea 
(CO(NH2)2), which degrades upon contact with bacterial enzymes in the 
faeces to form ammonia (NH3) and carbonates, both of which contribute 
to pathogen inactivation (Vinnerås et al., 2009). After use, even if no 
collection or disposal services are available nearby, Peepoo does not 
contaminate the environment once the top of it has been tied into a knot 
(Vinnerås et al., 2009). Peepoo does not start to break down until its 
contents have been completely sanitized. Analysis of 8 sanitized Peepoos 
collected in Kibera, Nairobi shows an average pH of 8.67 (Nordin, 
2010). The average pH and  plant nutrient content in Peepoo is given 
(Table 11) where the ammonia nitrogen concentration is based on the 
assumption that the Peepoo content held a dry matter content of 15%. 
According to Par and Colacicco (1987), the C content of human faeces 
(% dry wt.) is on average 47.5 %.  He also reported N content 6 %, P2O5 
4.2 % and K2O 1.75 % (dry wt. basis) in human faeces. His results show 
that in human faeces C and N are in the ratio of 7.9.  If CN ratio of 
Peepoo is estimating keeping the same C content 47.5 %, it comes out to 
be 2.3:1 which is much less than the unprocessed faeces. C and N are 
extremely important chemical elements in their relation to each other.  
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The C to N ratio of the organic material added to soil influences the rate 
of decomposition of organic matter which subsequently affects the 
release (mineralization) or immobilization of soil N. If the added organic 
material contains more nitrogen in proportion to carbon, then nitrogen is 
released into the soil from the decomposing organic material. On the 
other hand, if the organic material has a less amount of nitrogen in 
relation to the carbon then the microorganisms will draw on soil’s store 
of N for further decomposition, thus depleting it, with a depressing 
effect on the crop yield. Miller (2000) reported a withdrawal of N from 
the soil reserve when C-N ratio of added organic matter is 33:1 or more, 
a no effect on soil reserve (no addition no loss) when the C-N ratio of 
added organic matter was between 17-33:1, and an increase in nitrogen 
storage of soil when the ratio was 17-1:1 (Miller, 2000). Although C-N 
ratio of Peepoo is in the safe range suggested by Miller (2000) within 
which soil reserve of N will increase, it is far less than the lower limit 
suggested by Crop Nutrition Laboratory Services (2012). According to 
Crop Nutrition Laboratory Services (2012), the optimal range of C-N 
ratio should be 20-10:1.  

The analysis of Peepoo shows that it contains 20.8 % of N, 4.4 % of 
P2O5 and 2.5 % of K2O (dry wt. basis). Human faeces contain 6 % N, 
4.2 % P2O5 and 1.75 % K2O (Par & Colacicco, 1987). Peepoo is much 
higher in N compared to unprocessed human faeces. K content in 
Peepoos is also higher compared to unprocessed human faeces. % of P 
is similar to that of unprocessed human faeces. The average nutrient 
content of some organic nutrient sources other than human excreta has 
been presented (Table 12). It is evident that Peepoo is much higher in N 
than these listed organic materials as well due to added sanitizing 
material, urea. Although Peepoo is much higher in N than in various 
other organic resources, the N, P and K are not in balanced ratio. Plants 
need a proper supply of all N, P and K in a balanced ratio throughout 
their growth period. The main aim of fertilizer use for farmers is the 
application of all nutrients that the soil cannot supply in adequate 
amounts. Imbalanced fertilization is inefficient, uneconomic and 
wasteful, and it should be avoided. Deficiency of one plant nutrient can 
have a severe impact on the efficiency of other nutrients. If crops are 
supplied by an imbalanced nutrient source mining of the soil nutrient 
reserves may occur (Roy et al., 2006).  

 Table 11: Average content of plant nutrients in Peepoo is given in 
% or ppm of dry matter (Nordin, 2010). 

Parameters Contents 

pH 8.67 

Ammonia Nitrogen (%) 12.8 

Organic nitrogen (%) 8.00 

Total Nitrogen (%) 20.8 

Phosphorus (%) 1.90 

Potassium (%) 2.10 

Calcium (%) 1.60 

Magnesium (ppm) 1.00 

Manganese (ppm) 159 

Iron (ppm) 749 

Zinc (ppm) 264 

Copper (ppm) 20.0 

Boron (ppm) 5.00 

Sodium (ppm) 2700 
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A fixed recipe for balanced fertilization is difficult to find. It is crop and 
site specific. The recipe is crop specific because different crops take up 
different quantity of nutrients and in different ratios. According to Roy 
et al., (2006) nutrient uptake by crops can vary from less than 50 kg/ha 
to more than 1 000 kg/ha.  The recipe is site specific because different 
soils are on different levels of fertility due to varying fertility 
management practices. For example, an agricultural field where crop 
residues are not removed after harvesting will have a soil with better 
nutrient status and subsequently require less fertilization. For a particular 
soil and a particular crop achieving a balanced fertilization recipe is 
possible if the data regarding nutrient removal from the field, soil test 
reports and nutrient demand of the crop to be grown is available. In 
literature the ratio of N, P and K in nutrient uptake has been reported. 
According to National Academy of Agricultural Sciences (2009), for 
producing a MT of cereal grains about 20 – 27 kg N, 8 – 19 kg P2O5 and 
24 – 48 kg K2O are required. It means that a MT of cereal grain requires 
NPK in the ratio of 1:0.5:1.5 (N P2O5 K2O) on average. Roy et al., (2006) 
reported that the share of N, P2O5 and K2O in nutrient uptake by crops 
is generally 35 percent N, 17 percent P2O5 and 48 percent K2O which 
means that N, P2O5 and K2O are taken up by plants in a general ratio of 
1.0:0.5:1.4. National Academy of Agricultural Sciences (2009) has 
accepted NPK ratio of 1:0.5:0.25 (N: P2O5:K2O) as ideal.  The aim of 
Peepoo is to provide sanitation to people at the first place and then a 
fertilizer which is hygienically safe, balanced in nutrients and easy to 
handle. The appearance of the fertilizer is an important factor affecting 
its social acceptability. Anyone knowing that the product in his hand is a 
transformed form of human refuse will feel a setback in using it. The 
DM content of sanitized Peepoo is only 15 % (Nordin. 2010). Peepoo as 
fertilizer with only 15 % DM may not be adopted by farmers because of 
its wet, faeces-like, smeared physical appearance. It is difficult to find 
criteria of optimal DM for a fertilizer because two materials can widely 
vary in appearance at the same % of DM.  

Table 12: Average nutrient content (% in bracket and g/kg 
outside bracket) of some organic fertilizers other than human 
excreta (Roy et al., 2006). 

Type of manure N P2O5 K2O 

Cattle dung 3 (0.3) 1 (0.10) 1.5 (0.15) 

Sheep/goat dung 6.5 (0.65) 5 (0.5) 0.3 (0.03) 

Hair and wool waste 123 (12.3) 1 (0.1) 3 (0.3) 

Farmyard manure 5 (0.5) 1.5 (0.15) 5 (0.5) 

Poultry manure 28.7 (2.87) 29 (2.9) 23.5 (2.35) 

Town/urban compost 1.75 (0.17) 10 (1) 15 (1.5) 

Rural compost 5 (0.5) 2 (0.2) 5 (0.5) 

Biogas slurry 16 (1.6) 1.4 (0.1) 8 (0.8) 
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4. METHODOLOGY                

4.1 Screening of organic residues 
Screening of organic residues was conducted in two steps. Firstly, 13 
organic residues produced in Kenya were pointed out with the help of 
expert consultation and literature survey. These organic residues included 
bagasse, barley straw, charcoal dust, coffee husks, coffee pulp, cow 
manure, coconut fibre, filter mud, goat manure, maize stalks, rice husk, 
saw dust, and wheat straw. The residues were investigated further and 
the quantity of every organic residue, its current use, its number of 
production days per year and the distance of its nearest source from 
Nairobi were investigated through several field surveys. To investigate 
the 13 residues, Kenyan Agricultural Research Institute (KARI) was 
visited firstly to obtain most recent data on the annual production of 
different crops and their residues in Kenya. In parallel, various small and 
large scale farm holders throughout Nairobi were contacted in order to 
gather practical information regarding quantities of typical crop residue 
production and their most favored use in Kenyan rural society. Since 
bagasse and filter mud were two important organic residues on the list, 
Kenya Sugar Board was visited also to obtain information regarding 
annual bagasse and filter mud production, the established use and per 
metric ton price if the company agrees to sell the residues. In order to 
ascertain the quantity of cow and goat manure production per year, 
Dagoretti slaughter house was visited and its old records were studied. 
After completing the 4 weeks of extensive data collection period, the 
information on all the 13 residues was carefully analyzed. Distance of 
source sites from the processing site was estimated and the net annual 
production of each residue was calculated. Organic residues which were 
not under any other use, produced in significant quantity annually and 
were available at a suitable distance from the processing location were 
ranked “available” and selected for further (chemical) evaluation.   

4.2 Theoretical evaluation of selected organic residues and their 
mixtures with peepoos 

The residues which were ranked “available” were selected for chemical 
analysis and to simulate different Peepoo-Residue mixtures. In order to 
evaluate the nutrient content of each individual residue, samples were 
collected (1 sample each residue) and sent to the Crop Nutrition 
Laboratory Services, Nairobi for chemical analysis. Every sample was 
analyzed for pH, DM, C, N (total), P and K. The samples of selected 
organic residues were collected from sources where significant quantities 
of these residues were produced annually and which exist at a reasonable 
distance from the processing site. Samples of bagasse and filter mud 
were collected from Kenya Sugar Mill situated in the outskirts of 
Nairobi, samples of cow manure and goat manure were collected from 
Dagoretti slaughter house situated within Nairobi, sample of charcoal 
dust was collected from a local charcoal seller in Nairobi, sample of rice 
husks was collected from a small scale farm holder in Kisumu district 
and the sample of saw dust was collected from a local producer in 
Kericho. A sample of 8 used Peepoos was collected from Kibera slum 
and sent to the laboratory for the analysis of the parameters indicated 
above. After analyzing the residues and Peepoos for their plant nutrient 
content, chemical parameters of 19 Peepoo-Residue mixtures were 
calculated with the help of Microsoft Excel. Mixture calculations were 
done for Peepoo-Residue mixtures of 1:1, 1:2, 1:3, 1:4, 1:5, 2:1, 2:3, 2:5, 
3:1, 3:2, 3:4, 3:5, 4:1, 4:3, 4:5, 5:1, 5:2, 5:3 and 5:4. The simulated 



               Evaluation of organic residues and their mixtures with Peepoos to produce fertilizer 

 

17 

mixtures were analyzed and compared to each other in relation to their 
DM content, principal nutrient balance and C-N ratio. Finally, in order 
to determine and recommend an ideal/balanced Peepoo-Residue 
mixture, linear programming was performed using Microsoft Excel 
Solver. 

4.3 Sampling and analytical procedures 

In order to collect representative samples and avoid nutrient loss during 
sampling and storage, plastic heavy-duty zip lock bags of one-gallon 
capacity were used. For every residue, approximately one-half of the bag 
was filled with the composite sample. The excess air was squeezed out 
and afterwards the bag was closed and sealed. Sample bags were 
identified with information regarding source and date and stored in the 
freezer at 4 0C. In order to collect used Peepoos from Kibera, Peepoo a 
hard plastic container was used which was carefully covered with a cap 
immediately after sampling to avoid loss of nutrients, especially N in the 
form of volatile ammonia gas. All the samples (organic residues and 
Peepoos) were then delivered to the Crop Nutrition Laboratory in 
Nairobi. All samples were immediately refrigerated when received at the 
laboratory to retard microbial activity and volatilization losses.  

Samples were analyzed in Crop Nutrition Laboratory for pH, DM, C, N, 
P and K. Before the chemical analysis, each sample had to be 
homogenized by thorough mixing and then a secondary sample was 
taken for test. The homogenization of Peepoos sample required special 
attention since it was expected that the total N content may decrease 
during the mixing in an open environment. Therefore, a special 
technique was adopted which involved emptying the hard plastic 
container (that having 8 Peepoos) in a strong, pore-free plastic bag, and 
then tearing down the Peepoos with hammer strokes on the hard plastic 
bag while Peepoos being inside. The emptied Peepoos were discarded 
and to take into account the C content of the biodegradable bag, 8 clean 
Peepoos (without urea) were added in the bio-material after shredding 
into small pieces with a pair of scissors.  

The procedures indicated in The Test Method for the Examination of 
Composting and Compost (TMECC) were followed for the analysis of 
residues and Peepoos. TMECC is a laboratory manual based on 
American Society for Testing and Materials (ASTM) Standard Test 
Methods. 

5. RESULTS AND DISCUSSION 

5.1 Screening of organic resources 

5.1.1 Organic residues produced in Kenya and their nearest availability 
from Nairobi 

Following are the details collected on quantity of organic residues 
produced in Kenya, their current use and nearest availability from 
Nairobi. Plates are provided as Appendix 2. The processing/mixing is 
planned to be carried out in future within Nairobi at the site of Dagoretti 
(10 18” 0’ South, 360 46” 0’ East).  

Sugarcane bagasse 

Sugar cane (Plate 3) is one of the major commercially grown agricultural 
crops in Kenya. In 2010, the annual sugarcane production in Kenya was 
5, 590, 000 MT (Kenya Sugar Board, 2012). On average 30-40 % of the 
sugarcane crushed is bagasse (Rangnekar, 2011). In 2010, the total 
quantity of bagasse (Plate 4) produced in the country was 140, 000 MT 
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(Kenya Sugar Board, 2012). One half of the total bagasse is used for co-
generation of electricity (Kenya Sugar Board, 2012). The surplus bagasse 
is taken to the bagasse storage yards and is used for the off-season 
operation of the cogeneration plant, or to run the cogeneration plant on 
the cleaning days or when the mills are not running due to some other 
reasons. At the end of year there is always a surplus of bagasse in the 
storage yard because number of production days is more compared to 
number of shut down days. Availability of bagasse has been summarized 
(Table 13).   

Kibos and Allied Sugar Company located in district Kisumu (Nyanza 
province) produces significant quantity of bagasse every year and may 
serve as the nearest source of bagasse for physical mixing with Peepoos. 
The distance between Nairobi and Kisumu is approximately 350 km. 
This study ranks bagasse from sugarcane “available” for mixing with 
Peepoos because there is always an excess of bagasse in sugar mills.  

Barley straw 

Barley (Plate 5) is one of the most highly adaptable cereal grains, with 
production in climates ranging from sub-arctic to sub-tropical (Kenyan 
Beer Industry, 2005). In Kenya, the annual barley production was 
64, 200 MT in 2010 (Kenya Agricultural Research Institute, 2012). Barley 
farming in Kenya had been introduced by the colonial regime as animal 
food until 1929 when it was commercialized into beer making (Kenyan 
Beer Industry, 2005). Today Kenya has a flourishing beer industry 
producing high quality beer recognized internationally. Kenya’s barley 
growing area is estimated at 20,000 hectares (Kenyan Beer Industry, 
2005). It is commonly grown in Rift Valley and Central provinces of 
Kenya. Barley straw (Plate 6) is an organic residue left after the grain has 
been removed from barley plant. Generally in crops the straw to grain 
ratio is 1.5. It means that the annual barley straw production in 2010 was 
96, 300 MT. The entire quantity of barley straw produced in the country 
is recycled to fields in order to maintain soil fertility and used as animal 
feed. Availability of barley straw is summarized (Table 13). 

District Uasin Gishu (Rift Valley province) produces significant quantity 
of barley and may serve as the nearest source of barley straw from 
Nairobi. The distance between Nairobi and Uasin Gishu is 
approximately 300 km. This study ranks barley straw “unavailable” and 
does not recommend its use for mixing with Peepoos because almost 
entire quantity of barley straw is already being used as soil amendment 
and animal feed. 

Charcoal dust 

Charcoal (Plate 7) is produced by slow heating of wood or other 
substances in the absence of oxygen and is an important source of fuel in 
both rural and urban areas of Kenya. Over 82% of the urban population 
in Kenya and 34% of rural households uses charcoal as fuel (Gathui et 
al., 2011). It is difficult to estimate the total annual production of 
charcoal in the country because of a large number of small scale informal 
producers.  The total charcoal dust production of the country is also 
difficult to estimate. Charcoal dust (Plate 8) is the black powdery residue 
normally found at the bottom of charcoal sacks and charcoal making 
areas. It has no significant use and only a few factories use charcoal dust 
in making briquettes of fuel which are then used in cooking and heating. 
Availability of charcoal dust is summarized (Table 13). 

Within Nairobi significant quantity of charcoal is produced and sold 
commercially, for example in Kabete. Therefore, charcoal dust can be 
easily purchased in the vicinity. Charcoal dust can be made artificially 
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from charcoal if dust is not available. This study ranks charcoal dust 
“available” and recommends its use for mixing with Peepoos because of 
the commercial availability of this commodity. 

Coffee Husks & Coffee pulp 

Coffee is one of the largest traded commodities in world and is produced 
in more than 60 countries including Kenya. In Kenya, the annual coffee 
production was 42, 000 MT in 2010 (Kenya Agricultural Research 
Institute, 2012). Kenya mainly grows Arabica type of coffee which 
accounts for almost 100% of its national production (Export Processing 
Zones Authority, 2005). Robusta is also grown on very small scale which 
accounts for less than 1% of the country’s production (Export 
Processing Zones Authority, 2005). Total area under coffee production 
is estimated at 170,000 hectares (Export Processing Zones Authority, 
2005). The main coffee production regions include northern part of 
Nairobi, High plateau surrounding Mount Kenya, in the Aberdare zone, 
West areas of Kisii, Nyanza, Bungoma, Kakamega, Rift Valleyareas of 
Nakuru, Trans Nzoia and Taita Hills near Mt. Kilimanjaro (Export 
Processing Zones Authority, 2005). Two important residues left after the 
processing of coffee are husks (Plate 9) and pulp (Plate 10). According to 
Kenya Agricultural Research Institute (2012) in 2010 the annual coffee 
husks and coffee pulp production was 5, 750 and 63, 000 MT 
respectively. The entire quantity of coffee husks and coffee pulp is 
recycled to fields for maintaining soil fertility and reducing expensive 
inorganic fertilizer use. Availability of coffee husks and coffee pulp is 
summarized (Table 13).                         

District Nakuru (Rift valley province) produces significant quantity of 
coffee residues annually and may serve as the nearest source of coffee 
husks and coffee pulp from Nairobi. The distance between Nakuru and 
Nairobi is approximately 150 km. This study ranks coffee residues 
“unavailable” and does not recommend their use for mixing with 
Peepoos because almost entire quantity of coffee residues is already 
being used as soil amendment. 

Cow Manure 

According to the Food and Agriculture Organization of the United 
Nations Kenya has a cow population of around 3.6 million (FAO, 2005). 
On average a cow (Plate 11) produces 37 kg of manure (Plate 12) per day 
(Fischer, 1998).The total quantity of cow manure produced in Kenya 
thus comes out to be 48, 600, 000 MT. On agricultural farms around 
60 % of the cow manure is used as a solid fuel and in biogas production. 
The remaining 40 % manure is applied to fields in order to supply 
nutrients and soil organic matter. Management of cow manure generated 
in slaughter houses is generally a problem because most of the times no 
agricultural fields are linked with them. There are hundreds of dairy 
farms and slaughter houses widely distributed in various regions of 
Kenya. Availability of cow manure is summarized (Table 13).           

Dagoretti slaughter house may serve as the nearest source of cow 
manure which is located within Nairobi. It produces annually 
3,650 tonnes of cow manure. This study ranks cow manure “available” 
and recommends its use for mixing with Peepoos because only 1% of 
the cow manure produced in Dagoretti slaughter house is used for 
biogas production and the remaining 3, 630 MT of cow manure is not 
under any use. 
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Coconut fiber 

Coconut growing was introduced in Kenya in the 16th century by the 
Portuguese regime and since then, the coconut farming is one of the key 
sources of livelihood for many households in the coastal region 
(Gachanja et al., 2007). According to Kenya Agricultural Research 
Institute, 2012 Kenya’s annual coconut production was 72, 600 MT in 
2010. Districts of Coast province – Kwale, Kilifi, Malindi and Mombasa 
are the biggest producers of coconut in the country 
(Gachanja et al., 2007). Coconut fiber is the fibrous residue left after the 
processing of coconut. It is found between the hard, internal shell and 
the outer coat of a coconut. In 2010 the annual coconut fiber production 
of Kenya was 65, 400 MT. The residue is used for various purposes. 
Most of the residue is used in making products such as floor mats, door 
mats, mattresses, insulation and packaging. The remaining is returned to 
fields for maintaining soil fertility and reducing the use of expensive 
inorganic fertilizer. Availability of coconut fiber is summarized (Table 
13). District Mombasa (Coastal province) produces significant quantity 
of coconut fiber annually and may serve as the nearest source of coconut 
fiber from Nairobi. The distance between Mombasa and Nairobi is 
approximately 480 km. This study ranks coconut fiber “unavailable” and 
does not recommend its use for mixing with Peepoos because almost 
entire quantity of coconut fiber is already being used as soil amendment. 

Filter mud 

Another by product from sugar industry is filter or press mud (Plate 15) 
which is obtained to a tune of 2-4 % of the weight of sugarcane crushed. 
In 2010, the annual production of filter mud in Kenya was 224, 000 MT 
(Kenya Sugar Board, 2012). The management of filter mud is generally a 
problem for sugar mills because it is of no use for the mills. Availability 
of filter mud has been summarized (Table 13).          Kibos and Allied 
Sugar Company located in District Kisumu (Nyanza province) produces 
significant quantity of filter mud every year and may serve as the nearest 
source of filter mud from Nairobi. The distance between Kisumu and 
Nairobi is approximately 350 km. This study ranks filter mud as available 
and recommends its use for mixing with Peepoos because significant 
quantity of filter mud is not under any use.  

Goat Manure 

The goat and sheep industry plays an important role in economic and 
social life of many Kenyans. Goats and sheep (Plate 17) contribute about 
30 % of the total red meat consumed in the country (Kamau, 2012). In 
Kenya, the total goat population was 19 million in 2010 (Kamau, 2012). 
Each goat produces about 150 g of manure per day. 19 million goats in 
2010 produced 1, 040, 000 MT of manure (Plate 18). On agricultural 
farms almost all of the manure produced by goats is returned to fields 
and used in biogas production. Manure management is a problem for 
slaughter houses where no linked agricultural fields are present. 
Availability of goat manure is summarized (Table 13). Dagoretti 
slaughter house produces 2850 MT of goat manure annually and may 
serve as the nearest source of goat manure within Nairobi. This study 
ranks goat manure “available” and recommends its use for mixing with 
Peepoos since goat manure at Dagoretti slaughter house is not under any 
use. 

Maize stalks 

In Kenya, maize (Plate 19) is second most important food crop, after 
cassava. In 2010, annual production of maize in Kenya was 
3, 222, 000 MT (Kenya Agricultural Research Institute, 2012). The area 
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under maize cultivation is approximately 1.6 million Hectares (Ministry 
of Agriculture Kenya, 2003). Most of the maize is produced in Rift valley 
province (Ministry of Agriculture, 2003). The small scale farming 
account for about 75% of the total maize production in Kenya and large 
scale farming produces the remaining 25% (Export Processing Zones 
Authority, 2005). Maize stalks (Plate 20) left after processing of maize is 
an important organic resource. In 2010, the annual maize stalk 
production in Kenya was12, 900, 000 MT (Kenya Agricultural Research 
Institute, 2012).The entire quantity of residue is recycled to fields for 
maintaining soil fertility and used as animal feed. Availability of maize 
stalks is summarized (Table 13). District Nakuru (Rift Valley province) 
produces significant quantity of maize annually and may serve as the 
nearest source of maize stalks from Nairobi. This study ranks maize 
stalks “unavailable” and does not recommend their use for mixing with 
Peepoos because the entire quantity of residue is already being used.  

Rice Husks 

Rice (Plate 21) is the third most important food crop in Kenya after 
maize and wheat. In 2010, annual production of rice in Kenya was 
80, 000 MT (Kenya Agricultural Research Institute, 2012). Most of the 
rice is produced in Central and Nyanza districts of Kenya (Export 
Processing Zones Authority, 2005). About 95% of the rice in Kenya is 
grown under irrigation and the remaining 5 % is rain fed (Export 
Processing Zones Authority, 2005). Rain fed rice is grown in Kwale, 
Kilifi, and Tana River districts in Coast Province, and the Bunyala and 
Teso districts in Western Kenya (Export Processing Zones 
Authority, 2005). Rice husks (Plate 22) are the hard protective coverings 
of the grain of rice. In 2010 the annual production of rice husks in 
Kenya was 32, 000 MT (Kenya Agricultural Research Institute, 2012). 
Only 2% of the entire quantity of rice husks is recycled to fields. The 
remaining 98% of the rice husks are not under any other use. Availability 
of rice husks is summarized (Table 13). District Kisumu (Nyanza 
province) produces significant quantity of rice husks annually and may 
serve as the nearest source from Nairobi. The distance between Kisumu 
and Nairobi is approximately 350 km. This study ranks rice husks 
“available” and recommends their use for mixing with Peepoos since 
large quantity of rice husks is not under any use. 

Saw dust 

Forests are the main source of raw material used in wood product 
industries all over Kenya. In 2003, Kenya had approximately 
122,000 hectares of forest cover (Export Processing Zones Authority, 
2005). Forested areas are widely distributed within Central province, 
Coast province, Rift Valley and Eastern provinces of Kenya. Rift Valley 
province has the highest forest cover estimated at 47 % (Export 
Processing Zones Authority, 2005).  Besides its use in products such as 
doors, windows and furniture, wood (Plate 23) serves as an important 
fuel source in Kenya as well. More than 75% of the country’s domestic 
energy comes from fuel wood and charcoal (Export Processing Zones 
Authority, 2005). Saw dust (Plate 24) is the residue produced during 
cutting, grinding or drilling of wood with a saw or any other tool. In 
2010, the annual saw dust production in Kenya was 230, 000 MT from 
processing of 1 million cubic meter of wood. The data regarding the use 
of saw dust is not available but it can be assumed that large quantity of 
saw dust is not under any use in the country. Availability of saw dust is 
summarized (Table 13). District Kericho (Rift Valley province) produces 
significant quantity of saw dust and may serve as the nearest source from 
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Nairobi. The distance between Kericho and Nairobi is approximately 
250 km. This thesis ranks saw dust “available” and recommends its use 
for mixing with Peepoos.  

Wheat straw 

Wheat (Plate 25) is the second most important cereal grain in Kenya, 
after maize. The crop is grown largely for commercial purposes on a 
large scale. In 2010 the annual production of wheat in Kenya was 
512, 000 MT (Kenya Agricultural Research Institute, 2012). Wheat 
growing areas in Kenya include the scenic Rift Valley regions of Uasin 
Gishu, Narok, Marakwet, Elgeyo, Londiani, Molo, Nakuru and Timau 
areas (Export Processing Zones Authority, 2005). Wheat straw (Plate 26) 
is an agricultural residue left from the plant when wheat grain is 
removed. In 2010 the annual wheat straw production in Kenya was 
1, 020, 000 MT (Kenya Agricultural Research Institute, 2012). The entire 
quantity of wheat straw is recycled to fields for maintaining soil fertility 
and used as animal feed. Availability of wheat straw is summarized 
(Table 13).  

Districts Narok and Nakuru produce significant quantity of wheat 
annually and may serve as nearest sources from Nairobi. Both are 
approximately 150 km away from Nairobi.   

Table 13: Statistics of organic residues. 

Residue 

Quantity (MT/year) 
Production 
days/year 

Nearest 
source 

Distance of 
source (km)

Rank 
Produced 

(*1000) 

Under use 
(*1000) 

Not in use 
(*1000) 

Bagasse 2140 1060 1060 300 Kisumu 350 A 

Barley straw 96.3 96.3 Negligible 180 Uasin-Gishu 300 UA 

Charcoal dust N-A N-A N-A 365 Nairobi Negligible A 

Coffee husks 5.75 5.75 Negligible 180 Nakuru 150 UA 

Coffee pulp 63 63 Negligible 180 Nakuru 150 UA 

Cow manure 48600 29200 194000 365 Nairobi Negligible A 

Coconut fiber 65.4 65.4 Negligible N-A Mombasa 480 UA 

Filter mud 224 Negligible 224 300 Kisumu 350 A 

Goat manure 1040 624 416 365 Nairobi Negligible A 

Maize stalks 12900 12900 Negligible 180 Nakuru 150 UA 

Rice husks 32 0.64 31.36 60 Kisumu 350 A 

Saw dust 230 N-A N-A 365 Kericho 250 A 

Wheat straw 1020 1020 Negligible 180 Narok 150 UA 
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5.2 Theoretical evaluation of selected organic residues and their 
mixtures with Peepoos 

5.2.1 Organic residues 

The chemical analysis results of all the selected organic residues are 
provided (Table 14). Since concentration of phosphorus and potassium 
in a commercial fertilizer is commonly expressed in oxide form, 
concentrations of elemental P and K in analysis results are converted 
into their respective oxides (P2O5 and K2O). Ratios between principal 
nutrients (N, P, K) in both forms (elemental and oxide) were calculated. 
The main reason for calculating the NPK ratios is the ease of comparing 
the principal nutrient content of the all the residues with one another 
and with the Roy et al., (2006) criterion. According to Roy et al., (2006) 
in crops uptake of N, P and K occurs in a general ratio of 1:0.5:1.4 (N 
P2O5 K2O). Although nutrient uptake in many crops deviates from this 
ratio, an optimum ratio is very difficult to find. Therefore, criterion of 
Roy et al., (2006) is most suitable at this point to consider as guideline.  
C-N ratio has also been calculated. C-N ratio values give a clear picture 
where every residue occurs on Miller’s scale. Miller (2000) reported a 
withdrawal of N from the soil reserve when C-N ratio of added organic 
matter is 33:1 or more, a no effect on soil reserve (no addition no loss) 
when the C-N ratio of added organic matter was between 17-33:1, 
and an increase in nitrogen storage of soil when the ratio was 17-1:1 
(Miller, 2000). pH shows how acidic or alkaline a residue is. Since all the 
residues have to be mixed with Peepoos, pH is important.  pH of the 
final mixture is dependent on pH of Peepoo residue added. Nitrogen 
concentration in Peepoo is around 21 %. N loss from Peepoos in volatile 
form depends on the pH. In Peepoos most of the N is in the form of 
ammonia which is present both as NH3 and NH4

+. The equilibrium 
between gaseous ammonia (NH3) and ionic ammonia (NH4

+) is 
dependent mainly on pH. Volatile ammonia loss from the Peepoo-
Residue mixtures will also depend on the pH of the mixture. Bagasse and 
saw dust fall in acidic range, cow manure and rice husks around neutral 
range and charcoal dust, filter mud and goat manure fall in alkaline range 
on pH scale. The pH of bagasse and saw dust is 5.49 and 5.79 
respectively, cow manure and rice husks have a pH of 7.53 and 7.08 
respectively and charcoal dust, filter mud and goat manure have a pH of 
9.33, 8.46 and 9.29 respectively. 

A comparison in form of bar graph has been provided (Figure 1). Since 
pH of Peepoo is 8.67, bagasse and saw dust upon mixing may tend to 
shift the pH of mixture into acidic range or around neutral. Charcoal 
dust, filter mud and goat manure upon mixing may tend to drag the pH 
of the mixture forward on the alkaline range. Cow manure and rice husks 
may have a minor effect on the pH of the mixture. The pH of the 
resulting Peepoo-Residue mixture also depends in what ratio the 
ingredients are mixed. One of the major problems faced by Kenyan 
agriculture sector is the acidification of soils which has reduced soil 
productivity by limiting the availability of plant nutrients on large scale. 
A mixture product having pH in alkaline range is expected place a 
positive impact on acidified soils in Kenya.  

Bagasse, charcoal dust and rice husks are dry materials having DM 
content more than 70 %. Saw dust has the lowest DM percentage among 
the available residues with 36 %. Cow manure, filter mud and goat 
manure have their DM content between 40-55 %. Comparison among 
DMs of residues has been provided (Figure 2). The C-N ratio of only 
filter mud (14.3:1) is within the optimal range. Charcoal dust has a C-N 
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ratio slightly higher than 20:1. Bagasse, rice husks and saw dust have C-
N ratio significantly higher than the upper limit of optimal range and if 
these residues are applied as fertilizers without composting, nutrient 
release will be too slow. Cow manure and goat manure have C-N ratio 
7.5:1 and 8.27:1 respectively. Although cow manure and goat manure 
will release the nutrients too rapidly into the soil’s pool of nutrients 
when applied as fertilizers, there nutrient release will be slower compared 
to only the Peepoos. The three principal nutrients essential for plant 
growth are N, P and K. Goat manure is highest in N content (3.73 % of 
DM) followed by cow manure having a little lower percentage of N 
(3.2 % of DM). Saw dust has the least content of N (1.21 % of DM). 
Bagasse, charcoal dust, filter mud and rice husks have N content of 
1.84 %, 1.73 %, 1.63 % and 1.31 % respectively. 

 

 

Figure 1: pH of available organic residues. 

 

Table 14: Chemical analysis of selected organic residues. 

Parameter 

Residues 

Bagasse 
Charcoal 

dust 
Cow 

manure 
Filter mud 

Goat 
manure 

Rice husks Saw dust 

pH 5.49 9.33 7.53 8.46 9.29 7.08 5.79 

Dry matter 
(%) 

76.6 80.9 50.0 42.9 53.5 79.5 36.3 

C (%) 51.6 35.1 24.1 23.3 30.8 40.9 53.2 

N (%) 1.84 1.73 3.20 1.63 3.73 1.31 1.21 

C-N ratio 28.0 20.3 7.50 14.3 8.27 31.2 43.9 

P (%) 0.02 0.08 0.90 0.45 0.57 0.06 0.01 

K (%) 0.24 0.62 0.54 0.73 3.69 0.42 0.08 

P2O5 (%) 0.05 0.18 2.1 1.03 1.31 0.14 0.02 

K2O (%) 0.29 0.75 0.65 0.88 4.5 0.51 0.09 

N:P:K 1:0.01:0.13 1:0.05:0.36 1:0.28:0.17 1:0.28:0.45 1:0.15:0.99 1:0.05:0.32 1:0.01:0.07 

N:P2O5:K2O 1:0.03:0.16 1:0.11:0.43 1:0.65:0.20 1:0.63:0.54 1:0.35:1.19 1:0.10:0.39 1:0.02:0.08 
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Figure 2: Dry matter % of available organic residues. 
 

Excess nitrogen can burn seedling roots, reduce immunity to pests, and 
shorten produce life whereas N deficiency in plants results in a marked 
reduction in growth rate (Roy et al., 2006). The N content of Peepoo 
(20.8 % of DM) is much higher than N content of all the residues. One 
can expect lower N levels in Peepoo-Residue mixture compared to only 
the Peepoos. Concentration of P is highest in cow manure (0.9 % of 
DM) compared to other residues. Saw dust has the lowest concentration 
of P (0.01 % of DM) followed by bagasse which has a P concentration 
of 0.02 % (in terms of DM).The P content (in terms of DM) of charcoal 
dust, cow manure, filter mud, goat manure and rice husks is 0.08 %, 
0.9 %, 0.45 %, 0.57 %, and 0.06 %  respectively. An excessive phosphate 
interferes with plant uptake of some micronutrients such as copper and 
zinc whereas plant growth is markedly restricted under P deficiency (Roy 
et al., 2006). Peepoo has P concentration of 1.9 % (in terms of DM) 
which is higher compared to all the residues. One can expect lower P 
concentrations in Peepoo-Residue mixtures compared to only the 
Peepoos. Content of K is significantly high (3.69 % of DM) compared to 
all other residues. Saw dust has the least (0.08 % of DM) concentration 
of K. The potassium content  (in terms of DM) of bagasse, charcoal 
dust, cow manure, filter mud and  rice husks is 0.24 %, 0.62 %, 0.54 %, 
0.73 % and 0.42 % respectively. The K deficiency may cause slow plant 
growth, weak stalks, susceptibility to pests and low yield of crop (Roy et 
al., 2006). Peepoo has a K content of 2.1 % (in terms of DM). The 
resulting mixtures of all the residues with Peepoos except goat manure 
will have a lower K concentration compared to only the Peepoos. 
Analysis (Table 14) show that the residues deviate from the general 
criterion (1:0.5:1.4) of Roy et al., (2006) in terms of their NPK ratio.  

5.2.2 Peepoo-Residue mixture  

Chemical parameters (DM, C, N, P, K, P2O5, K2O) of 19 Peepoo-
Residue mixtures (1:1, 1:2, 1:3, 1:4, 1:5, 2:1, 2:3, 2:5, 3:1, 3:2, 3:4, 3:5, 4:1, 
4:3, 4:5. 5:1, 5:2, 5:3, 5:4) for each organic residue are provided 
(Appendix I). Ratios between principal nutrients (N, P, K) in both forms 
(elemental and oxide) and between C and N are provided (Appendix I). 
Graphical comparison of DM % and C-N ratio has been provided 
(Figure 4 & 5).  

0

20

40

60

80

100

D
ry

 m
a
tt

e
r 

%

Organic residues



                      Arslan Ahmad                                                TRITA LWR Degree Project, LWR-EX-2014:04 

 

26 

 

Figure 3: C-N ratio of available organic residues. 
 

Peepoo-Bagasse mixtures 

Mixtures between Peepoos and bagasse have DM content higher than 
that of the Peepoos. It can be explained by the fact that bagasse has a 
much higher DM concentration compared to Peepoos. When Peepoos 
and bagasse are mixed in ratio of 1:5 DM content is highest (79.59 %) 
among the mixtures. Peepoo-Bagasse mixture 5:1 is one with lowest DM 
content. According to Crop Nutrition Laboratory Services (2012), DM 
% of added organic material should be less than 60 %. Most Peepoo-
Bagasse mixtures have DM content less than the limit (60 %) specified 
by Crop Nutrition Laboratory Services (2012).  Mixtures 1:3, 1:4 and 1:5 
have DM content higher than 60 %. DM content of the product greater 
than 60 % may pose problems for handling and storing the material. 
Material can be lost when the wind blows and while transporting. 
Although there is no specified lower limit for DM content, a very wet 
product is not desired. The physical appearance of too wet mixture may 
resemble faeces. The DM contents of mixtures 4:1 and 5:1 are less than 
30 %. C-N ratio of bagasse (28:1) is more than that of Peepoos (2.31:1). 
This explains why the C-N ratios of Peepoo-Bagasse mixtures are greater 
than that of Peepoos. The highest C-N ratio (10.2:1) belongs to the 
mixture 1:5 and lowest (2.75:1) belongs to the mixture 5:1. If we 
compare C-N ratios of the mixtures with the criterion (optimal range of 
C-N ratio 20-10:1) of Crop Nutrition Laboratory (2012), we come to 
know that only the mixture 1:5 has its C-N ratio (10.2:1) between 20-
10:1. All other mixtures have C-N ratio less than the lower limit of this 
criterion. Miller (2000) believed that an organic material with C-N ratio 
between 17-1:1 will release N into the soil’s pool of nutrients (without 
considering rate of release). In the light of Miller’s criterion Peepoo-
Bagasse mixtures will increase soil’s store of N. The lab analysis shows 
that Peepoos are higher in all the principal nutrients (N, P, K) compared 
to bagasse. If we compare the NPK ratios (N P2O5 K2O) of all the 
mixtures in the light of criterion (1:0.5:1.4) provided by Roy et al., (2006), 
we will come to know that the mixtures are poor in P and K. Since both 
Peepoo and bagasse have a low P and K concentrations, a mixture 
comprising only Peepoo and bagasse will not be adequate to reach Roy’s 
ideal NPK ratio (1:0.5:1.4). Supplementation with materials rich in P and 
K is recommended in order to have a balanced product. 
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Peepoo-Charcoal dust mixtures 

Charcoal dust is a dry material with 80.9 % DM concentration. It 
explains why the DM content of Peepoo-Charcoal dust mixtures is more 
than that of Peepoos. Peepoo-Charcoal dust mixture 1:5 has the highest 
DM content (69.9 %) amongst the mixtures. Most of the mixtures have 
DM concentration less than 60 % (Crop Nutrition Lab’s suggested limit). 
Exceptions are 1:3, 1:4, 1:5 and 2:5 where mixtures have a DM exceeding 
60 %. The mixture 5:1 has the least DM concentration and may appear 
too wet for being socially accepted. C-N ratios of the mixtures are higher 
compared to that of Peepoos. The mixture 1:5 has a C-N ratio 7.6:1 
which is highest amongst the mixtures. It is deviating from the optimal 
range (20-10:1). The mixture 5:1 has the least C-N ratio (2.6:1) which is 
not much higher than the C-N ratio Peepoos (2.31:1).  C-N ratio in the 
range 10-1:1 will increase soil’s N content but the rate of release will be 
too rapid. The NPK ratios (N P2O5 K2O) of Peepoo-Charcoal dust 
mixtures deviate from Roy et al. (2006) criterion (1:0.5:1.4). Both Peepoo 
and charcoal dust are poor in P and K.  

Peepoo-Cow manure mixtures 

Cow manure’s DM content is around 50 % which is the reason why it is 
frequently used by farmers in Kenya to increase the water holding 
capacity of their soils.  Peepoo-Cow manure mixtures have DM content 
lower than 60 %.  Majority of the mixtures have DM content between 
30-50 % which seems neither to low nor too high. The lowest DM 
content (20.9 %) belongs to the mixture 5:1. With such low DM % the 
mixture may resemble faeces. The appearance of the mixture depends 
not only on DM content f the mix but also on the ratio in which 
Peepoos are mixed with residue. Like C-N ratios of both Peepoo and 
cow manure, C-N ratios of their mixtures are lower than 10:1. C-N ratios 
of majority of the mixtures fall between 5-2:1. Organic materials with 
such low C-N ratio release nutrients too rapidly, a response which is not 
a priority, if not undesired. C-N ratio of a mixture can be increased by 
supplementing with materials having a high C concentration than both 
Peepoo and cow manure. An example of such material is saw dust. The 
supplementation of Peepoo-Cow manure mixture with saw dust may 
also affect other chemical properties of the mix. Every mixture deviates 
from Roy’s standard of golden NPK ratio, 1:0.5:1.4 (N P2O5 K2O). The 
mixtures need supplementation with sources of P and K in order to 
obtain product with balanced NPK ratio. 

Peepoo-filter mud mixtures 

The DM content of every Peepoo-Filter mud mixture is higher than that 
of Peepoos. It is because filter mud is drier (42.9 % DM) compared to 
Peepoos (15 % DM). Peepoo-Filter mud mixtures have DM 
concentration less than 60 %. The highest DM content (45.9 %) belongs 
to the mixture 1:5. Majority of other mixtures have DM concentration 
less than 35 %. The lowest DM concentration (19.6 %) belongs to the 
mixture 5:1. Mixtures having DM content lower than 30 % may appear 
too wet. Too wet product is not desired socially as discussed earlier. The 
C-N ratio of filter mud (14.31:1) is within the range of 20-10:1 but in 
case of its mixtures with Peepoos this is not the case. When compared to 
the criterion suggested by Crop Nutrition Laboratory (2012), all mixtures 
give a lower C-N ratio which ranges from 2-5:1. The mixture 4:3 has the 
lowest C-N ratio (2.3:1). 
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 Figure 4: DM content of Peepoo-Residue mixtures. 
 

In order to increase C-N ratio of a mixture materials having a higher C 
content than both Peepoo and residue can be added.  As discussed 
earlier with the supplementation of new ingredient other chemical 
properties may also be affected. Every Peepoo-Filter mud mixture 
deviates from the criterion (1:0.5:1.4) of Roy et al., (2006) in relation to 
its NPK ratio. The mixtures need to be supplemented with materials 
excessive in P and K in order to obtain a product with balanced NPK. 

Peepoo-Goat manure mixtures 

Mixtures of goat manure with Peepoos have DM content lower than 60 
%. Majority of the mixtures have DM content between 30-60 %. The 
highest DM concentration (56.46 %) belongs to the mixture 1:5. The 
lowest DM content (21.41 %) belongs to the mixture 5:1. C-N ratios of 
the mixtures fall between 5-1:1. It means that the mixtures when applied 
to soil will increase N in the soil’s store of nutrients but the release will 
be too rapid. Optimal range of C-N ratio is 20-10:1. The ingredient goat 
manure has a better C-N ratio (8.3), though not in the optimal range, 
compared to its mixtures. NPK ratio of goat manure is 1:0.35:1.19 
(N P2O5 K2O) which is not far from the target of 1:0.5:1.4. The NPK 
ratios of the mixtures however deviate significantly from the target. The 
mixtures need supplementation with materials rich in P and K. 

Peepoo-Rice husks mixture 

Rice husk has DM content of 79.5 % which is second highest among the 
residues after charcoal dust. The mixtures have higher DM content 
compared to majority of the residues. The DM content of the mixture 
1:5 is highest (68.7 %) compared to other mixtures. Rice husks have the 
second highest C-N ratio (31.20) amongst the residues after saw dust. 
The mixtures of rice husks have higher C-N ratio compared to majority 
of other Peepoo-residue mixtures. The highest C-N ratio (9.2:1) belongs 
to 1:5. The ratio is quite close to the optimal range (20-10:1). Mixture 5:1 
has the lowest C-N ratio, 2.7:1. NPK ratio of every mixture deviates 
from the target (1:0.5:1.4). Mixtures need supplementation with materials 
rich in P and K in order to obtain a product balanced in principal 
nutrients. 
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Figure 5: C-N ratio of Peepoo-Residue mixtures. 
 

Peepoo-saw dust mixtures 

Saw dust has the lowest DM concentration compared to other residues 
consequently its mixtures with Peepoos have lower DM content as well. 
DM concentration of the mixtures ranges from 20 % to 40 % with 1:5 
having the highest DM concentration (39.3 %). C-N ratio of saw dust is 
43.96 which is highest amongst the residues. The mixtures have higher 
C-N ratio compared to other Peepoo-residue mixtures. Mixtures 1:4 and 
1:5 have their C-N ratios between 20-10:1. 1:4 has a C-N ratio of 10.2:1 
and 1:5 has C-N ratio of 11.69:1. N release by these mixtures will not be 
too rapid or too slow. The lowest C-N ratio (2.8:1) belongs to the 
mixture 5:1 as expected. NPK ratio of every mixture deviates from the 
target (1:0.5:1.4). Mixtures need supplementation with materials rich in P 
and K in order to obtain a product balanced in principal nutrients. 

5.2.3 Recommendations for balanced Peepoo-Residue mixture 

It is evident from theoretical mixing results that the mixtures deviate 
from the target N: P2O5:K2O (1:0.5:1.4) provided by Roy et al., (2006). It 
is mainly because all the residues are low in P and K. N content in the 
mixtures is high compared to P and K. Supplementation with materials 
rich in P and K is needed. Composite mixtures with more than two 
ingredients should be analysed as well. Rock phosphate can be used for 

balancing the P in the mixtures. It contains 15–35 % P2O5 
(Roy et al., 2006). Ash from hardwood trees can serve as one of the 
sources of K. It is an alkaline material, with a pH ranging from 9 to 13 
(Mikkelsen, 2008) and has a principal nutrient content of approximately 
0% N, 1% P, and 4% K (Mikkelsen, 2008). Goat manure, which has 
already been evaluated, is also rich in K compared to other residues. 
When Peepoos, filter mud, goat manure and rock phosphate are mixed 
in ratio 3:4:82:1, a nearly balanced product can be obtained. The 
chemical parameters of the ingredients and the mixture are presented 
(Table 15). DM content of the mixture is 52 %. C-N ratio is 7.37 which 
is not between the optimal range specified by Crop Nutrition Laboratory 
(2012). However it is much higher than majority of the mixtures 
discussed in previous section. Furthermore, with such C-N ratio N will 
not be removed from soil. The most important aspect of this mixture is 
its ratio between N, P2O5 and K2O. N, P and K are in the ratio 1:0.43:1 
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(N: P2O5: K2O) which is quite close to the general nutrient uptake ratio 
(1:0.5:1.4) provided by Roy et al., (2006). The balance between N, P and 
K can be improved further by adding increased quantity of goat manure 
in the mixture, but in that case the total quantity of goat manure required 
will become excessively large. The mixing ratio 3:4:82:1 means that if we 
want to make 90 kg of fertilizer we need 3 kg Peepoo; 4 kg filter mud, 
82 kg goat manure and 1 kg rock phosphate. It is evident that quantity of 
goat manure required is large compared to other ingredients of this mix.  

A different option manipulation is mixture between Peepoos, goat 
manure and rock phosphate in the ratio 4:45:1. The chemical parameters 
of the ingredients and the mixture are presented (Table 16). DM content 
of the mixture is approximately 51 % and C-N ratio is 6.29:1. The ratio 
between N, P2O5 and K2O is 1:0.44:0.84. It can be seen that K content 
has been decreased compared to the mixture between Peepoos, filter 
mud, goat manure and rock phosphate (3:4:82:1), however less goat 
manure is required to make such a mix. 50 kg of fertilizer will require 
4 kg Peepoos, 45 kg goat manure and 1kg rock phosphate. 

6. LIMITATIONS OF THE STUDY AND RECOMMENDATIONS FOR 

FUTURE RESEARCH 

In Peepoos major portion of N is in volatile form (NH3). Loss of N 
during physical processing (shredding of Peepoos, mixing with residues) 
is already predicted. In this study the losses of N during processing are 
not taken into account. Research regarding losses during physical mixing 
is recommended. Parameters of the mixtures may vary for similar 
residues if they are collected from other sources. Mixtures with 
ingredients from other sources should be studied as well. pH of the 
mixtures is not evaluated in this study. Chemical parameters of the 
mixtures are not adequate to reach at a decision regarding practical 
processing. Other factors such as cost, daily available quantity, 
transportation method and technique of mixing (mechanical or manual) 
play an important role as well. 

Table 15: Chemical parameters of Peepoo, filter mud, goat manure, rock 
phosphate and their mixture. 

Parameters Peepoo Filter mud Goat manure 
Rock 

phosphate 
Mixture 
3:4:82:1 

DM (%) 15.0 42.9 53.5 98.5 52.2 

C (%) 48.0 23.3 30.8 0.00 30.7 

N (%) 20.8 1.63 3.73 0.00 4.16 

P (%) 1.90 0.45 0.57 14.6 0.76 

K (%) 2.10 0.730 3.69 0.160 3.47 

C-N ratio 2.31 14.3 8.27 - 7.38 

P2O5 (%) 4.35 1.03 1.31 33.5 1.75 

K2O (%) 2.53 0.879 4.45 0.193 4.18 

N: P2O5:K2O 1.0:0.21:0.12 1.0:0.63:0.54 1.0:0.35:1.19 - 1.0:0.43:1.0 
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Table 16: Chemical parameters of Peepoo, goat manure, rock phosphate and 
their mixture. 

Parameters Peepoo Goat manure Rock phosphate 
Mixture 

4:45:1 

DM (%) 15.0 53.5 98.5 51.3 

C (%) 48.0 30.8 0.00 31.6 

N (%) 20.8 3.73 0.00 5.02 

P (%) 1.90 0.57 14.6 0.96 

K (%) 2.10 3.69 0.160 3.48 

C-N ratio 2.31 8.27 - 6.29 

P2O5 (%) 4.35 1.31 33.5 2.19 

K2O (%) 2.53 4.45 0.193 4.20 

N:P2O5:K2O 1.0:0.21:0.12 1.0:0.35:1.19 - 1.0:0.44:0.84 

 

7. CONCLUSION 

Seven organic residues are available in Kenya for processing with 
Peepoos. They include bagasse, charcoal dust, cow manure, filter mud, 
goat manure, rice husks, and saw dust. Availability of barley straw, coffee 
husks, coffee pulp, coconut fiber, maize stalks and wheat straw is also 
studied in this study but they are unavailable. Charcoal dust, cow manure 
and goat manure are available within Nairobi where the processing with 
Peepoos on large scale is planned to be carried out in future. Wheat 
straw is available approximately 150 km away from Nairobi. Saw dust is 
available approximately 250 km away from Nairobi. Bagasse, filter mud 
and rice husks are available approximately 350 km away from Nairobi.  

Bagasse and saw dust fall in acidic range, cow manure and rice husks 
around neutral range and charcoal dust, filter mud and goat manure fall 
in alkaline range of pH. Bagasse, charcoal dust and rice husks have 
DM content more than 70 %. Saw dust has the lowest DM percentage 
among the residues with 36.3 %. Cow manure, filter mud and goat 
manure have their DM content between 40-55 %. The C-N ratio of only 
filter mud (14.3:1) is within the optimal range. (20-10:1) Every residue 
deviates from the general nutrient uptake ratio (1:0.5:1.4) provided by 
Roy et al., (2006). 

Majority of the mixtures between Peepoos and residues have 
DM content below 60 %. Mixtures of Peepoos and charcoal dust are 
highest in DM content. Majority of the mixtures have C-N ratio between 
the range 10-1:1. Mixtures of saw dust are highest in C-N ratio. Every 
Peepoo-residue mixture deviates from the general nutrient uptake ratio 
(1:0.5:1.4) provided by Roy et al., (2006). When Peepoos, filter mud, goat 
manure and rock phosphate are mixed in ratio 3:4:82:1, a nearly balanced 
product is obtained in terms of nutrients (N: P2O5: K2O 1:0.43:1). 
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APPENDIX I - CHEMICAL PARAMETERS OF PEEPOO-RESIDUE 

MIXTURES 

Chemical parameters of Peepoo-Bagasse mixtures 

Parameters Peepoo Bagasse 1:1 1:2 1:3 1:4 1:5 

DM (%) 15 76.6 45.8 56.1 61.2 64.3 79.6 

C (%) 48 51.6 49.8 50.4 50.7 50.9 61.2 

N (%) 20.8 1.9 11.3 8.2 6.6 5.6 6 

P (%) 1.9 0.02 0.96 0.65 0.49 0.39 0.4 

K (%) 2.1 0.24 1.2 0.86 0.71 0.61 0.66 

C-N 2.3 28.1 4.4 6.2 7.7 9.0 10.2 

P2O5 (%) 4.4 0.05 2.2 1.5 1.1 0.91 0.92 

K2O (%) 2.5 0.29 1.4 1.03 0.85 0.73 0.79 

N:P2O5:K2O 1:0.21:0.12 1:0.025:0.1
6 

1:0.19:0.12 1:0.18:0.13 1:0.17:0.13 1:0.16:0.13 1:0.13:0.13 

 

Parameters 2:1 2:3 2:5 3:1 3:2 3:4 3:5 

DM (%) 35.53 51.95 58.99 30.40 39.64 50.19 53.49 

C (%) 49.19 50.14 50.55 48.89 49.43 50.04 50.23 

N (%) 14.48 9.42 7.26 16.06 13.22 9.97 8.95 

P (%) 1.27 0.77 0.56 1.43 1.15 0.83 0.73 

K (%) 1.48 0.98 0.77 1.64 1.36 1.04 0.94 

C-N 3.40 5.32 6.97 3.04 3.74 5.02 5.61 

P2O5 (%) 2.92 1.77 1.28 3.28 2.63 1.89 1.66 

K2O (%) 1.78 1.19 0.93 1.97 1.63 1.25 1.13 

N:P2O5:K2O 1:0.20:0.12 1:0.19:0.13 1:0.18:0.13 1:0.20:0.12 1:0.20:0.12 1:0.19:0.13 1:0.19:0.13 

 

Parameters 4:1 4:3 4:5 5:1 5:2 5:3 5:4 

DM (%) 27.32 41.40 49.22 25.27 32.60 38.10 42.37 

C (%) 48.71 49.53 49.98 48.60 49.02 49.34 49.59 

N (%) 17.01 12.67 10.27 17.64 15.38 13.69 12.37 

P (%) 1.52 1.09 0.86 1.59 1.36 1.20 1.06 

K (%) 1.73 1.30 1.07 1.79 1.57 1.40 1.27 

C-N 2.86 3.91 4.87 2.75 3.19 3.60 4.01 

P2O5 (%) 3.49 2.51 1.96 3.64 3.12 2.74 2.44 

K2O (%) 2.08 1.57 1.29 2.16 1.89 1.69 1.53 

N:P2O5:K2O 1:0.20:0.12 1:0.21:0.12 1:0.19:0.13 1:0.21:0.12 1:0.20:0.12 1:0.20:0.12 1:0.20:0.12 
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                             Chemical parameters of Peepoo-charcoal dust mixtures 

Parameters Peepoo Charcoal 
dust 

1:1 1:2 1:3 1:4 1:5 

DM (%) 15.00 80.88 47.94 58.92 64.41 67.70 69.90 

C (%) 48.00 35.10 41.55 39.40 38.33 37.68 37.25 

N (%) 20.80 1.73 11.27 8.09 6.50 5.54 4.91 

P (%) 1.90 0.08 0.99 0.69 0.54 0.44 0.38 

K (%) 2.10 0.62 1.36 1.11 0.99 0.92 0.87 

C-N 2.31 20.29 3.69 4.87 5.90 6.80 7.59 

P2O5 (%) 4.35 0.18 2.27 1.57 1.23 1.02 0.88 

K2O (%) 2.53 0.75 1.64 1.34 1.19 1.10 1.04 

N:P2O5:K2O 1:0.21:0.12 1:0.11:0.43 1:0.20:0.15 1:0.19:0.17 1:0.19:0.18 1:0.18:0.20 1:0.18:0.21 

 

Parameters 2:1 2:3 2:5 3:1 3:2 3:4 3:5 

DM (%) 36.96 54.53 62.06 31.47 41.35 52.65 56.18 

C (%) 43.70 40.26 38.79 44.78 42.84 40.63 39.94 

N (%) 14.44 9.36 7.18 16.03 13.17 9.90 8.88 

P (%) 1.29 0.81 0.60 1.45 1.17 0.86 0.76 

K (%) 1.61 1.21 1.04 1.73 1.51 1.25 1.18 

C-N 3.03 4.30 5.40 2.79 3.25 4.10 4.50 

P2O5 (%) 2.96 1.85 1.37 3.31 2.69 1.97 1.75 

K2O (%) 1.94 1.46 1.26 2.08 1.82 1.51 1.42 

N:P2O5:K2O 1:0.21:0.13 1:0.20:0.16 1:0.19:0.18 1:0.21:0.13 1:0.20:0.14 1:0.20:0.15 1:0.20:0.16 

 

Parameters 4:1 4:3 4:5 5:1 5:2 5:3 5:4 

DM (%) 28.18 43.23 51.60 25.98 33.82 39.71 44.28 

C (%) 45.42 42.47 40.83 45.85 44.31 43.16 42.27 

N (%) 16.99 12.63 10.21 17.62 15.35 13.65 12.32 

P (%) 1.54 1.12 0.89 1.60 1.38 1.22 1.09 

K (%) 1.80 1.47 1.28 1.85 1.68 1.55 1.44 

C-N 2.67 3.36 4.00 2.60 2.89 3.16 3.43 

P2O5 (%) 3.52 2.57 2.04 3.66 3.16 2.79 2.50 

K2O (%) 2.17 1.77 1.54 2.23 2.02 1.86 1.74 

N:P2O5:K2O 1:0.21:0.13 1:0.20:0.14 1:0.20:0.15 1:0.21:0.13 1:0.21:0.13 1:0.20:0.14 1:0.20:0.14 
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                          Chemical parameters of Peepoo-Cow manure mixtures 

Parameters Peepoo Cowmanur
e 

1:1 1:2 1:3 1:4 1:5 

DM (%) 15.00 50.04 32.52 38.36 41.28 43.03 53.04 

C (%) 48.00 24.08 36.04 32.05 30.06 28.86 33.68 

N (%) 20.80 3.20 12.00 9.07 7.60 6.72 7.36 

P (%) 1.90 0.90 1.40 1.23 1.15 1.10 1.28 

K (%) 2.10 0.54 1.32 1.06 0.93 0.85 0.96 

C-N 2.31 7.53 3.00 3.54 3.96 4.30 4.58 

P2O5 (%) 4.35 2.06 3.21 2.83 2.64 2.52 2.93 

K2O (%) 2.53 0.65 1.59 1.28 1.12 1.03 1.16 

N:P2O5:K2O 1:0.21:0.12 1:0.64:0.20 1:0.27:0.13 1:0.31:0.14 1:0.34:0.15 1:0.38:0.15 1:0.40:0.15 

 

Parameters 2:1 2:3 2:5 3:1 3:2 3:4 3:5 

DM (%) 26.68 36.02 40.03 23.76 29.02 35.02 36.90 

C (%) 40.03 33.65 30.91 42.02 38.43 34.33 33.05 

N (%) 14.93 10.24 8.23 16.40 13.76 10.74 9.80 

P (%) 1.57 1.30 1.19 1.65 1.50 1.33 1.28 

K (%) 1.58 1.16 0.99 1.71 1.48 1.21 1.13 

C-N 2.68 3.29 3.76 2.56 2.79 3.20 3.37 

P2O5 (%) 3.59 2.98 2.72 3.78 3.44 3.04 2.92 

K2O (%) 1.90 1.40 1.19 2.06 1.78 1.46 1.36 

N:P2O5:K2O 1:0.24:0.13 1:0.29:0.14 1:0.33:0.14 1:0.23:0.13 1:0.25:0.13 1:0.28:0.14 1:0.30:0.14 

 

Parameters 4:1 4:3 4:5 5:1 5:2 5:3 5:4 

DM (%) 22.01 30.02 34.47 20.84 25.01 28.14 30.57 

C (%) 43.22 37.75 34.71 44.01 41.17 39.03 37.37 

N (%) 17.28 13.26 11.02 17.87 15.77 14.20 12.98 

P (%) 1.70 1.47 1.34 1.73 1.61 1.53 1.46 

K (%) 1.79 1.43 1.23 1.84 1.65 1.52 1.41 

C-N 2.50 2.85 3.15 2.46 2.61 2.75 2.88 

P2O5 (%) 3.90 3.37 3.08 3.97 3.70 3.49 3.34 

K2O (%) 2.15 1.72 1.49 2.22 1.99 1.83 1.69 

N:P2O5:K2O 1:0.23:0.12 1:0.25:0.13 1:0.28:0.13 1:0.22:0.12 1:0.23:0.13 1:0.25:0.13 1:0.26:0.13 

 

 

 



                      Arslan Ahmad                                                TRITA LWR Degree Project, LWR-EX-2014:04 

 

- 4 - 

                           Chemical parameters of Peepoo-Filter mud mixtures 

Parameters Peepoo Filtermud 1:1 1:2 1:3 1:4 1:5 

DM (%) 15.00 42.94 28.97 33.63 35.96 37.35 45.94 

C (%) 48.00 23.33 35.67 31.55 29.50 28.26 32.93 

N (%) 20.80 1.63 11.22 8.02 6.42 5.46 5.79 

P (%) 1.90 0.45 1.18 0.93 0.81 0.74 0.83 

K (%) 2.10 0.73 1.42 1.19 1.07 1.00 1.15 

C-N 2.31 14.31 3.18 3.93 4.59 5.17 5.69 

P2O5 (%) 4.35 1.03 2.69 2.14 1.86 1.70 1.90 

K2O (%) 2.53 0.88 1.70 1.43 1.29 1.21 1.39 

N:P2O5:K2O 1:0.21:0.12 1:0.63:0.54 1:0.24:0.15 1:0.26:0.18 1:0.29:0.20 1:0.31:0.22 1:0.33:0.24 

 

Parameters 2:1 2:3 2:5 3:1 3:2 3:4 3:5 

DM (%) 24.31 31.76 34.96 21.99 26.18 30.97 32.46 

C (%) 39.78 33.20 30.38 41.83 38.13 33.90 32.58 

N (%) 14.41 9.30 7.11 16.01 13.13 9.85 8.82 

P (%) 1.42 1.03 0.86 1.54 1.32 1.07 0.99 

K (%) 1.64 1.28 1.12 1.76 1.55 1.32 1.24 

C-N 2.76 3.57 4.27 2.61 2.90 3.44 3.69 

P2O5 (%) 3.25 2.36 1.98 3.52 3.02 2.46 2.28 

K2O (%) 1.98 1.54 1.35 2.12 1.87 1.59 1.50 

N:P2O5:K2O 0.23:0.14 0.25:0.17 1:0.28:0.19 1:0.22:0.13 1:0.23:0.14 1:0.25:0.16 1:0.26:0.17 

 

Parameter
s 

4:1 4:3 4:5 5:1 5:2 5:3 5:4 

DM (%) 20.59 26.97 30.52 19.66 22.98 25.48 27.42 

C (%) 43.07 37.43 34.29 43.89 40.95 38.75 37.04 

N (%) 16.97 12.58 10.15 17.61 15.32 13.61 12.28 

P (%) 1.61 1.28 1.09 1.66 1.49 1.36 1.26 

K (%) 1.83 1.51 1.34 1.87 1.71 1.59 1.49 

C-N 2.54 2.97 3.38 2.49 2.67 2.85 3.02 

P2O5 (%) 3.69 2.93 2.51 3.80 3.40 3.11 2.88 

K2O (%) 2.20 1.82 1.61 2.25 2.06 1.91 1.80 

N:P2O5:K2O 1:0.22:0.13 1:0.23:0.14 1:0.25:0.16 1:0.22:0.13 1:0.22:0.13 1:0.23:0.14 1:0.23:0.15 
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                          Chemical parameters of Peepoo-Goat manure mixtures 

Parameters Peepoo Goatmanur
e 

1:1 1:2 1:3 1:4 1:5 

DM (%) 15.00 53.46 34.23 40.64 43.85 45.77 56.46 

C (%) 48.00 30.83 39.42 36.55 35.12 34.26 40.43 

N (%) 20.80 3.73 12.27 9.42 8.00 7.14 7.89 

P (%) 1.90 0.57 1.24 1.01 0.90 0.84 0.95 

K (%) 2.10 3.69 2.90 3.16 3.29 3.37 4.11 

C-N 2.31 8.27 3.21 3.88 4.39 4.80 5.12 

P2O5 (%) 4.35 1.31 2.83 2.32 2.07 1.92 2.18 

K2O (%) 2.53 4.45 3.49 3.81 3.97 4.06 4.95 

N:P2O5:K2O 1:0.21:0.12 1:0.35:0.19 1:0.23:0.28 1:0.25:0.40 1:0.26:0.50 1:0.27:0.57 1:0.28:0.63 

 

Parameters 2:1 2:3 2:5 3:1 3:2 3:4 3:5 

DM (%) 27.82 38.08 42.47 24.62 30.38 36.98 39.04 

C (%) 42.28 37.70 35.74 43.71 41.13 38.19 37.27 

N (%) 15.11 10.56 8.61 16.53 13.97 11.05 10.13 

P (%) 1.46 1.10 0.95 1.57 1.37 1.14 1.07 

K (%) 2.63 3.05 3.24 2.50 2.74 3.01 3.09 

C-N 2.80 3.57 4.15 2.64 2.94 3.46 3.68 

P2O5 (%) 3.34 2.53 2.18 3.59 3.13 2.61 2.45 

K2O (%) 3.17 3.68 3.90 3.01 3.30 3.62 3.73 

N:P2O5:K2O 1:0.22:0.21 1:0.24:0.35 1:0.25:0.45 1:0.22:0.18 1:0.22:0.24 1:0.24:0.33 1:0.24:0.37 

 

Parameters 4:1 4:3 4:5 5:1 5:2 5:3 5:4 

DM (%) 22.69 31.48 36.37 21.41 25.99 29.42 32.09 

C (%) 44.57 40.64 38.46 45.14 43.09 41.56 40.37 

N (%) 17.39 13.48 11.32 17.96 15.92 14.40 13.21 

P (%) 1.63 1.33 1.16 1.68 1.52 1.40 1.31 

K (%) 2.42 2.78 2.98 2.37 2.55 2.70 2.81 

C-N 2.56 3.01 3.40 2.51 2.71 2.89 3.06 

P2O5 (%) 3.74 3.05 2.66 3.85 3.48 3.21 3.00 

K2O (%) 2.91 3.35 3.59 2.85 3.08 3.25 3.38 

N:P2O5:K2O 1:0.21:0.17 1:0.23:0.25 1:0.24:0.32 1:0.21:0.16 1:0.22:0.19 1:0.22:0.23 1:0.23:0.26 
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                          Chemical parameters of Peepoo-Rice husks mixtures 

Parameters Peepoo Rice husks 1:1 1:2 1:3 1:4 1:5 

DM (%) 15.00 79.52 47.26 58.01 63.39 66.62 68.77 

C (%) 48.00 40.88 44.44 43.25 42.66 42.30 42.07 

N (%) 20.80 1.31 11.06 7.81 6.18 5.21 4.56 

P (%) 1.90 0.06 0.98 0.67 0.52 0.43 0.37 

K (%) 2.10 0.42 1.26 0.98 0.84 0.76 0.70 

C-N 2.31 31.21 4.02 5.54 6.90 8.12 9.23 

P2O5 (%) 4.35 0.14 2.25 1.54 1.19 0.98 0.84 

K2O (%) 2.53 0.51 1.52 1.18 1.01 0.91 0.84 

N:P2O5:K2O 1:0.21:0.12 1:0.10:0.39 1:0.20:0.14 1:0.20:0.15 1:0.19:0.16 1:0.19:0.17 1:0.18:0.19 

 

Parameters2:1 2:3 2:5 3:1 3:2 3:4 3:5 

DM (%) 36.51 53.71 61.09 31.13 40.81 51.87 55.33 

C (%) 45.63 43.73 42.91 46.22 45.15 43.93 43.55 

N (%) 14.30 9.11 6.88 15.93 13.00 9.66 8.62 

P (%) 1.29 0.80 0.59 1.44 1.16 0.85 0.75 

K (%) 1.54 1.09 0.90 1.68 1.43 1.14 1.05 

C-N 3.19 4.80 6.24 2.90 3.47 4.55 5.05 

P2O5 (%) 2.95 1.82 1.34 3.30 2.67 1.94 1.72 

K2O (%) 1.86 1.32 1.08 2.02 1.72 1.37 1.26 

N:P2O5:K2O 1:0.21:0.13 1:0.20:0.14 1:0.20:0.16 1:0.21:0.13 1:0.21:0.13 1:0.20:0.14 1:0.20:0.15 

 

Parameters 4:1 4:3 4:5 5:1 5:2 5:3 5:4 

DM (%) 27.90 42.65 50.84 25.75 33.43 39.20 43.68 

C (%) 46.58 44.95 44.04 46.81 45.97 45.33 44.84 

N (%) 16.90 12.45 9.97 17.55 15.23 13.49 12.14 

P (%) 1.53 1.11 0.88 1.59 1.37 1.21 1.08 

K (%) 1.76 1.38 1.17 1.82 1.62 1.47 1.35 

C-N 2.76 3.61 4.42 2.67 3.02 3.36 3.69 

P2O5 (%) 3.51 2.55 2.01 3.65 3.15 2.77 2.48 

K2O (%) 2.13 1.66 1.41 2.19 1.95 1.77 1.63 

N:P2O5:K2O 1:0.21:0.13 1:0.20:0.13 1:0.20:0.14 1:0.20:0.12 1:0.21:0.13 1:0.21:0.13 1:0.20:0.13 
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                          Chemical parameters of Peepoo-Sawdust mixtures 

Parameters Peepoo Sawdust 1:1 1:2 1:3 1:4 1:5 

DM (%) 15.00 36.28 25.64 29.19 30.96 32.02 39.28 

C (%) 48.00 53.19 50.60 51.46 51.89 52.15 62.79 

N (%) 20.80 1.21 11.01 7.74 6.11 5.13 5.37 

P (%) 1.90 0.01 0.96 0.64 0.48 0.39 0.39 

K (%) 2.10 0.08 1.09 0.75 0.59 0.48 0.50 

C-N 2.31 43.96 4.60 6.65 8.50 10.17 11.69 

P2O5 (%) 4.35 0.02 2.19 1.47 1.11 0.89 0.89 

K2O (%) 2.53 0.10 1.31 0.91 0.70 0.58 0.60 

N:P2O5:K2O 1:0.21:0.12 1:0.02:0.08 1:0.20:0.12 1:0.19:0.12 1:0.18:0.12 1:0.17:0.11 1:0.17:0.11 

 

Parameters 2:1 2:3 2:5 3:1 3:2 3:4 3:5 

DM (%) 22.09 27.77 30.20 20.32 23.51 27.16 28.30 

C (%) 49.73 51.11 51.71 49.30 50.08 50.97 51.24 

N (%) 14.27 9.05 6.81 15.90 12.96 9.61 8.56 

P (%) 1.27 0.77 0.55 1.43 1.14 0.82 0.72 

K (%) 1.43 0.89 0.66 1.60 1.29 0.95 0.84 

C-N 3.48 5.65 7.60 3.10 3.86 5.31 5.99 

P2O5 (%) 2.91 1.76 1.26 3.27 2.62 1.88 1.65 

K2O (%) 1.72 1.07 0.79 1.92 1.56 1.14 1.01 

N:P2O5:K2O 1:0.20:0.12 1:0.19:0.12 1:0.19:0.12 1:0.20:0.12 1:0.20:0.12 1:0.20:0.11 1:019:0.12 

 

Parameters 4:1 4:3 4:5 5:1 5:2 5:3 5:4 

DM (%) 19.26 24.12 26.82 18.55 21.08 22.98 24.46 

C (%) 49.04 50.22 50.88 48.87 49.48 49.95 50.31 

N (%) 16.88 12.40 9.92 17.54 15.20 13.45 12.09 

P (%) 1.52 1.09 0.85 1.59 1.36 1.19 1.06 

K (%) 1.70 1.23 0.98 1.76 1.52 1.34 1.20 

C-N 2.90 4.05 5.13 2.79 3.25 3.71 4.16 

P2O5 (%) 3.49 2.50 1.95 3.63 3.12 2.73 2.43 

K2O (%) 2.04 1.49 1.18 2.12 1.83 1.62 1.45 

N:P2O5:K2O 1:0.21:0.12 1:0.20:0.12 1:0.20:0.12 1:0.21:0.12 1:0.20:0.12 1:0.20:0.12 1:0.20:0.12 
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Plate 1: Unused Peepoo

Plate 3: Sugar cane 

Plate 5: Barley 

Plate 7: Coal 
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- PLATES 

 
 

Plate 1: Unused Peepoo Plate 2: Used Peepoo 

 

 Plate 4: Bagasse 

 

Plate 6: Barley straw 

 

Plate 8: Charcoal dust 
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Plate 9: Coffee husks Plate 10: Coffee pulp 

  

Plate 11: Cow Plate 12: Cow manure 

  

Plate 13: Coconut Plate 14: Coconut fiber 

 

Plate 15: Filter mud 
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Plate 16: Goat Plate 17: Goat manure 

  

Plate 18: Maize Plate 19: Maize stalks 

  

Plate 20: Rice Plate 21: Rice husks 

  

Plate 22: Wooden logs Plate 23: Saw dust 
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Plate 24: Wheat Plate 25: Wheat straw  

  


