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Sammanfattning 

Otillfredsställande sanitet är ett problem som leder till spridning av många sjukdomar och 

som varje år kostar livet på miljoner människor världen över. Den norska organisationen 

Sustainible Sanitation Design prövar olika metoder för att hygienisera fekalier på ett hållbart 

sätt. I det här arbetet undersöktes effektiviteten och säkerheten av en speciell 

komposteringsmetod kallad Howard-Higgins metoden, som påstås kunna hygienisera 

urinseparerade fekalier på bara 90 dagar.  

För att kontrollera att komposten nådde målen för hygien mättes temperatur regelbundet. För 

att undersöka kompostens effektivitet mättes torrsubstanshalten, pH och askhalten. Genom att 

mäta fekalieindikatorn Enterococcus feacalis initialt och i slutet av processen undersöktes 

påståendet om hygienisering.  

Resultatet från mätningarna av fekaileindikatorer visade ett väldigt varierat resultat. Vissa av 

komposterna nådde nästan gränsvärdena för sanitet uppsatta av WHO, medan andra 

komposter hade mycket patogener kvar. Den mest lyckade komposten nådde en reduktion på 

3,9LOG10 vilket är bara 0,1LOG10 under WHO:s definition på hygienisering av fekalier som 

skall användas som gödningsmedel. Den minst lyckade komposten nådde endast en reduktion 

på 1,6LOG10. Ingen av komposterna blev tillräckligt varm för att förmå att döda patogener. 

Kompostmetodens komplexitet och osäkerhet gör att den inte rekommenderas att användas av 

Sustainible Sanitation Design. 
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Abstract 

Problems as a result of inadequate sanitation are the root to spreading of many diseases and 

the loss of several millions of lives every year. Therefore a Norwegian organization, 

Sustainable Sanitation Design, is trying out methods for having human feces sanitized in a 

sustainable way. In this trial, the safety and efficiency of composting human feces with a 

special composting method, called the Howard-Higgins method were investigated. The 

method claims to sanitize source separated feces in 90 days and to test that statement six 

compost containers were set up. 

To control that the composting process reached the heat necessary for sanitization the 

temperature was controlled frequently. Volatile solids, pH and the dry substance fraction were 

also controlled to measure Howard-Higgins method’s efficiency. By measuring fecal 

indicators Enterococcus feacalis initially and in the very end of the process, the statement of 

sanitization was controlled. 

 The results from the measuring of fecal indicators showed a very varied result. Some of the 

compost nearly reached the limits for pathogens set up by the WHO. The most successful 

compost ended up with 3.9 LOG10 reduction, which only 0.1 LOG10 below WHO’s 

definition of sanitization for excreta that is to be used as fertilizer. The least successful 

compost had only a 1.6 LOG10 reduction. None of the compost became warm enough to 

sanitize pathogens. The method is because of its complicity and uncertainty not recommended 

to be used by Sustainable Sanitation Design to sanitize human feces.  
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1. Introduction 

Sanitization problems are caused by pathogens in feces. Lack of proper sanitation causes the 

loss of thousands of lives every day. Diarrheal diseases kills 5000 children in the world daily 

and these deaths are preventable (UN Water, 2008). Inadequate sanitation is also the main 

root to many problems related to drinking water quality. In most towns and peri-urban 

settlements in Uganda people live and raise their families in highly polluted, over-crowded 

environments where they are subject to outbreaks of diarrhea, worms, skin and eye infections 

and devastating epidemics of typhoid and cholera. Few towns have an infrastructure for fecal 

management in terms of collection or treatment. Also, fecal sludge is sometimes dumped 

illegally causing contamination of drinking water and further spreading of pathogens 

(Rwamwan, 2010). 

Still, human excreta contain profitable nutrients. If added to the soil it can both improve the 

status of the soil by make it more airy and better at keeping moisture, as well as fertilize it 

(Niwagaba, 2007). Adding organic matter to the soil may also reduce erosion and run off 

problems caused by heavy rain falls (Jankauskas & Jankauskienė, 2007). Today in most parts 

of the world human excreta is looked upon as waste and a problem rather than a resource, 

because of the pathogens and the unpleasant appearance. In order to improve sanitation and to 

close the nutrient loop by using human waste as a fertilizer, pathogens in the excreta must be 

reduced to satisfactory levels. 

Sustainable Sanitation Design is a Norwegian organization that works to improve sanitation in 

eastern Africa. Their goal is to create and implement solutions for improved sanitation in 

urban slums and schools. The aim of their work is to make value chains that follow the 

material from the user of the toilet to the farmer, in a safe and sustainable way (Gjefle, 2012). 

Using compost as a method for sanitation has earlier been documented, but there are many 

types of composts. Howard-Higgins composting method is a variation of the Indian Indore 

method. The knowledge was developed in India by an English man titled Sir Albert Howard 

one century ago (Howard & Dham, 1997). The frustration of the western society’s way of 

spoiling agricultural land with artificial fertilization and mono cultural crops made a British 

farmer, Richard Higgins, rediscover parts of Howard’s work that had long been forgotten. 

Higgins claims that by composting human excreta with Howard-Higgins method, the material 

will be pathogen free in 90 days, a statement which in this report will be investigated.  
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1.1. AIM AND QUESTION AT ISSUE 

The aim of this study is to evaluate the safety and efficiency of Howard-Higgins 

composting method. To do that the goal is to answer following questions; 

 Can human excreta be sanitized with Howard-Higgins composting method in 

90 days?  

 Can the compost digest Pepoo toilets and menstrual sanitary pads, MHM, as 

claimed by Higgins?  

 What does the development of chemical and physical factors such as pH, 

temperature and water content look like during the compost process in a 

Howard-Higgins compost? 
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2.  Background and Theory 

2.1. SANITIZATION OF HUMAN WASTE  

Pathogens are disease-causing microorganisms. In short, they are the wrong organism in the 

wrong place. Not all of the microbes are pathogenic, but if they appear at the wrong place a 

significant amount of them are  (Nordin, 2010).  

For viruses and parasites one to ten organisms are enough to infect a human. To get sick from 

bacteria, 100 to 10
6 

individual organisms are required (Nordin, 2010).  

There are certain conditions in their habitat that are required for microorganism to flourish, 

such as temperature, pH, water content and content of nutrients. The best way of sanitize 

something is to intrude on their habitat. The size and the orientation of the habitat are 

depending on the type of microbe.  

Bacteria can only live in a pH-range between 3 and 11.5. Environs either more acidic or more 

alcaline than that can be considered bacteria free (Haug, 1993).  

If the moisture content reaches below 30-40% the habitat will become unpleasant for most 

microbes excluding ascari eggs. Still, if the habitat becomes moist again, the pathogens will 

return (Feachem et al, 1983).  

To destroy the habitat for pathogens in human feces, one of the official international 

recommendations say that a temperature over 50 ˚C should be maintained for minimum one 

week (WHO, 2006).  Fecham et al. (1983) on the other hand, claims that all pathogens that 

may occur in excreta will die if the feces are kept for 1 hour at >61˚C or 1 day at > 49˚C or 1 

week at > 45˚C. (Strauss & Blumenthal, 1990).  

In composts, which later will be described in this report, pathogen die-off is primarily a result 

of high temperature that inactivate enzymes of bacteria, protozoa and helminthes. The 

inactivation caused by elevated temperatures, are a result of injure to the structure of the DNA 

in the pathogen cell. The die-off is also due to competition with soil microbes that are more 

accustomed to the conditions in the compost. Antibiotic substances produced by some 

compost fungus and production of toxic substances like ammonia do also decrease the amount 

of pathogens (Niwagaba, 2009). 
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2.1.2. Human feces 

Depending on the health status of the person who is producing the feces, human feces may 

contain 10
11

-10
12 

bacterial cells per gram feces. Human excreta may also contain cysts of 

protozoa, eggs of helminthes and viruses (Feachem et al, 1983). Urine on the other hand 

contains much less pathogens and could be disinfected only by storing for a period of time 

(Höglund, 2001) in a clean and sealed container. Still, contamination of urine by feces should 

always be considered (Nordin, 2010). 

When sanitation is bad there is mainly four ways for the pathogens to get into the food, 

through fluids, fields, fingers and via flies, see Figure 1 (Nordin, 2010). 

 

Figure 1. The diagram describes different paths the pathogens in feces can spread to reach new hosts. The 
diagram was modified from the World Banks f-diagram (The world bank, 2012). 

2.1.3. Fecal indicators 

Since it is hard to control the presence of every pathogen possible to be found in human 

excreta, fecal indicators are used. In this trial Enterococcus feacalis were used as an indicator 

of other pathogens since it is more persistent than most pathogens. Therefore, it is possible to 

say that if Enterococcus feacalis is gone, pathogens are inactivated (Nordin, 2010).  

2.1.4. Definitions of sanitization 

To ensure that human waste that is used as organic fertilizer is not hazardous the World 

Health Organization (2006) put up recommendation regarding what densities of pathogens 

that can be acceptable. For E. coli bacteria that limit is set to be less than 10
3
 colony forming 

units (cfu) for every dry substance gram of the fertilizer. The reduction,which means the 



5 

  

decrease between the initial density of bacteria when the treatment begins and the final 

density when the treatment is finished, should be 6log10 (99,9999%) to guarantee a safe 

product. The reduction required is smaller, 4log10 (99,99%),  if the fertilizer is to be mixed 

into the soil, since the decomposers in the soil will reduce the level of pathogens effectively 

(WHO, 2006). 

The guidelines set up by WHO only concerns E. coli. Instead,  to know the necessary  

reduction of Enterococcus feacalis the European Union has set up rules in the Animal By-

product Regulation. To use fertilizer from animally excreta they demand a reduction of 

Enterococcus feacalis of 5log10 (99,999%) (Carlsson, 2010). 

 

2.2. COMPOSTING  

Composting is degradation of the easily available organics in natural material and is made by 

bacteria, soil animals and fungus. It can be a useful way to get rid of organic waste, disinfect 

pathogenic material such as feces and also for bioremediation of dodgy waste such as some 

pharmaceutical drugs (Niwagaba, 2007). 

2.2.1. Different types of composts   

There are many different methods for composting and they differ a lot. Roughly they can be 

separated into mesophilic- and thermophilic composts. The mesophilic compost is easily 

managed. There are no criteria for the container or what to put in to it. Mesophilic composts 

are often used in gardens and the degradation is processing slowly (Myrsten, 2012). However, 

to compost human excreta, a thermophilic compost is needed to inactivate the pathogens that 

comes with the feces and therefore this paper will focus on composts that reaches above 45˚C. 

 When a compost is processing, there is an exothermic reaction that converts some of the 

chemical energy to heat energy. In a thermophilic compost more heat is produced than what is 

lost, thereby the temperature is increasing (Vinnerås, 2012). 

Also thermophilic composts differ in type. When it comes to well documented compost 

methods that are used in the tropics, two methods are dominating; the Bangalore method and 

the Indore method. 
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2.2.1.1. The Bangalore method 

The Bangalore method is a way of composting household waste together with feces developed 

in Bangalore, India. The compost is locked with a layer of air impenetrable material, for 

example clay. This is done to make an anaerobe environment that does not require as high 

temperature to sanitize the compost. The compost process are therefore divided in an aerobic 

part that last for about 8-10 days and an anaerobic part where it takes 6-8 months for the 

material to degrade (FAO, 2011).  

The description for making the Bangalore compost is more complex than for most methods. 

Different teachings have diverse opinions if the compost should be formed as a heap or be 

placed in a pit. If the user chooses the alternative with a pit the hole should be about one 

meter deep (FAO, 2011). If the compost is over ground it would preferably be 1 to 1.5 meter 

high (HDRA- the organic organization, 2001). After that the procedure for making the 

compost is as follows: 

1. 10cm layer of material that is difficult to decompose (stalks, crop residues, leaves etc). 

Water is sprinkled on the top. 

2. Add10cm of material that is easy to decompose (fruit and vegetable waste). 

3. Add 2 cm of animal manure. 

4. Add a thin layer of soil from the surface of cropped land to obtain the microbes needed for 

the composting process. 

5. The previous layer are repeated until the heap reaches 1 to 1.5m high 

6. Cover the heap with wet clay, mud or damp grass (HDRA- the organic organization, 2001). 

However, the design of the layers differs in different schools.  

The main disadvantage with the method is that the temperature is not very high so there have 

been observations of prolonged survival of pathogens. Risk for survival of unwanted microbes 

may also occur if the temperature distribution is heterogeneous. The method also takes longer 

time to degrade the material than other composting methods do (FAO, 2011). The advantage 

on the other hand is that it does not require much water, and that it is not necessary to blend 

the compost. If the option with a pit is chosen, there is no risk of nutrients loss during heavy 

rainfalls or windy weather (HDRA- the organic organization, 2001).  
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2.2.1.2. The Indore method 

Another method of tropical composting also developed by Albert Howard in India is the 

Indore method. The compost could either be organized as a heap or as a pit, and should be 

charged with 20-25 kg of organic matter every day for 7 days. Every load should be a mix of 

fresh and dry material. Carbon based material such as stalks of cotton, corn, leaves and 

branches are chopped to get a smaller particle size. After that dry material is put under cattle 

over night to absorb manure. Fresh material such as grass should wilt in the sun for 2 days, 

and then be watered with a mix of soil and urine, before added to the compost. Water should 

be sprinkled on top of every load, and in the week of charging the compost, also in the 

morning. When the compost is charged with 2 layers, ventilation holes should be made to ease 

the aeration (Sangrahalaya, 2012). 

The compost should be turned 2 and 3 weeks after the charging has begun. To prevent 

breeding of parasites it could preferably be covered with a plastic sheet. When finished, the 

soil achieved is half the volume of the ingredients that were put in to the compost (HDRA- the 

organic organization, 2001). 

2.2.2. The Chemistry of Composting 

Factors affecting the degradation of the organic material in a compost are chemical, biological 

and physical. Chemical factors are type of substrate in the compost, C/N ratio, amount of 

inorganic nutrients, easily degradable organics, pH, and occurrence of toxic substances. 

Physical factors are particle size, temperature, moisture content and airspace available for the 

decomposers. The character of physical and chemical factors results in the level of success for 

the biological factor -microorganism concentration (Ermolaev, 2011). 

Most composts undergo an aerobic and an anaerobic phase. The aerobic phase is taking place 

when the access of oxygen is good. During that phase the degradation is served for by both 

microbes and soil animals such as worms, beetles, centipedes and nematodes. This is when 

the humification takes place. A simplified formula for the aerobic degradation looks like 

Equation 1. The energy achieved is mostly heat (Ermolaev, 2011). 

C6H12O6  + 6 O2 6 CO2 + 6 H2O + Energy  (1) 

When the microbes have consumed all oxygen the anaerobic phase starts. During the 

anaerobic phase fatty acids are generated. Only microbes can live in anaerobic conditions. As 
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seen simplified in Equation 2 sugar is degraded to carbon dioxide and methane in anaerobic 

conditions (Ermolaev, 2011). 

C6H12O6 3 CO2 + 3 CH4 + Energy (2) 

The compost process can also be structured in three different phases depending on the 

temperature; the mesophile, the thermophile and the cooling phase. The mesophile phase 

reaches up to 40˚C. Mainly the decompostation in this phase is made by bacteria and the 

consumers are heat loving.  Fatty acids are constructed which makes the pH lower. The 

duration of the mesophile phase is somehow depending on the availability of air. The 

thermofile phase extends between 40 and 70˚C. Decomposers active in this phase are mainly 

bacteria and they are heat tolerant. The pH is increasing due to alkalization. The amount of 

energy available for the microbes is the limiting factor of when the cooling phase will take 

over. During the cooling phase soil animals return to the compost and nitrification makes the 

pH decrease (Kirchmann, 2010). 

 When considering composts a debated factor is the loss of nitrogen in the form of ammonia 

gas causing bad smell and loss of nitrogen. Ammonia emissions are a result of increasing pH 

during the thermopile phase and can vary between 0-70%. The risk factors for big ammonia 

emissions are high temperature, high pH, lack of easily degradable carbon in substrate, low 

C/N rate and if excreta or manure are put in the compost (Kirchmann, 2010). 

 Another well discussed issue is the emission of methane, as seen in Equation 2, which is a 

potent greenhouse gas. Methane is produced during anaerobic circumstances and the 

emissions can in bad cases be 10% of the total carbon emission (Ermolaev, 2011). Loss of 

carbon as methane can be prevented by frequently aerating for example by turning the 

compost heap, and keeping good moisture balance without blocking pores (Niwagaba, 2007). 

A range of 50 to 67 ˚C is considered to give the most efficient decomposition. Higher 

temperatures will slow down the process since the decomposers will die off (Kirchmann, 

2010). 

2.2.3. Composting human feces 

One of the biggest concerns when composting human excreta is that the temperature produced 

is not evenly spread throughout the compost. Especially the edges of the composts are often 

colder then the center. Risk for survival of unwanted pathogens in these zones may occur if 

the temperature distribution is heterogeneous during the heating (Nordin, 2010).     
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2.3. Theory for Howard-Higgins composting method 

 It is uncertain which elements of the theory concerning regular compost that is applicable on 

Howard-Higgins compost.  For one, the material is added layer by layer instead of putting all 

material in at once. This most probably affects the heating process, the pH and the speed of 

degradation (Higgins, 2012). 

2.3.1. Compost Content 

Howard-Higgins definition of a basic layer is as follows. The material added should contain 

approximately 30% green or fresh organic waste such as fresh grass, kitchen waste, banana 

peel etc. The rest 70% should be dry material such as straw, dried corn stalks and leaves. All 

organics that are to be put in the compost should be chopped in to 10 centimeter long pieces. 

By chopping the material before adding it, the surface area increases which leads to that the 

decomposers has got a bigger surface to work on (Higgins, 2012). 

A mix of cow dung and water are mixed with the layer before adding it on the compost, see 

Figure 2. To raise the pH, a scoop full of ash, referring to around 2% of the layers weight, 

should be sprinkled out on top of every layer. The moisture content wanted is possible to 

illustrate with a wrung out sponge. Fresh water should therefore be added when it is 

considered necessary. This is to avoid run off that will lead to leakage of nutrients and a 

possible source of contamination to the nearby area. It is important to maintain the top layer 

moist all the time, to keep the material from getting to dry (Higgins, 2012). 
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Figure 2. Cow dung mixed with water is one of the fundamental ingredients in a Howard-Higgins compost 
(Photo: Ö. Grönlie, 2012) (Grönlie, 2012). 

When human feces are added they are put in bio liners, which is a type of degradable bag 

designed to host fecal matter. Normally they come in a 35 liter size. The feces should be urine 

separated. In the bioliners the feces should be mixed with, if available, old compost material, 

otherwise soil can be used. Preferably after adding the result after one toilet visit to a bio liner, 

a hand full of compost material should be spread over the feces. If some urine enters the 

bioliner it is acceptable and will not affect the overall moisture content in the compost 

severely (Higgins, 2012). 

 In layers with human feces, urine mixed with earth, so called urine-earth, should be added as 

an additional ingredient. The urine is best to be poured on a small pit of soil the day before 

putting it into the compost, to be able to soak properly in to the soil. Maximum 5% of the total 

weight of the layer should be urine-earth (Higgins, 2012). 

2.3.2. Composting schedule  

Before compost human feces with Howard-Higgins method it is necessary to first grow 

fungus in the container. This is done to achieve the high temperature necessary to sanitize 
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very pathogenic material. The procedure takes in total three weeks, with the following 

prescription (Higgins, 2012): 

For the first seven days a compost, labeled A, is charged with a 0.3 meter basic layer of 

compost material every day. Since the material will collapse, seven layers will still fit in the 

box. When one week has past, a white fungus looking like malt will appear. After that, A is 

left sitting, which means stored alone for the two coming weeks. Once the compost is sitting 

the only thing added is fresh water and that is done only if the top layer seems to dry out. On 

the eighth day another container, labeled B, is started. B should be charged in the same way as 

A but when three layers are added in B, the compost should be inoculated with material from 

A. The inoculation is made by taking a shuffle preferable from the center of A and put on top 

of the basic layer. This should be done for the last layers in B. When two weeks has passed 

since the start, also B is left sitting. Now there should be another type of fungus in B that is 

not as easy to see without a close look. After three weeks a third type of fungus has occurred 

in container B.  This is the final fungus that will be used to inoculate future compost that 

contains human feces. Both A and B can be emptied and the material can be put like separate 

heaps outside the containers. It is important to cover the heaps with plastic sheets to keep the 

moisture inside and prevent leakage caused by rainfalls (Higgins, 2012). 

When the final fungus is achieved it is possible start composting human feces. First a basic 

layer is put in container A. This is to avoid that the feces are too close to the container walls. 

The following six days the layers with excreta are added. When making a layer with feces, 

first half a basic layer is put. A circle of bioliners are placed on top of the organic material, 

see Figure 3. Human feces should not be any closer than 30 centimeter from the container 

wall to avoid edge effects. After that, the remaining of the basic layer is added on top of the 

bioliners (Higgins, 2012).  

When the box is full, it will be left sitting for one week before it is time to empty it. The only 

thing left to do is turn the heap three times and water the surface six times. The turning is 

made to increase the circulation of air in the heap, and should be done on the 16
th

, 30
th

 and 

60
th

 day after the charging begun. Before the compost is finished, the surface of the heap 

needs to be watered six times. Approximately 8 liters of water should be sprinkled out on the 

12
th

,24
th

,38
th

, 45
th

, 67
th

 and 75
th

 day (Higgins, 2012). 
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Figure 3. Bioliners should be placed in the center to avoid edge effects (Photo: A-E. Joelsson, 2012). 

2.3.3. Compost Containers 

The optimum shape for containers used for Howard-Higgins compost, are in order to 

minimize edge effects cylindrical. The compost can be as small as one cubic meter but it is 

possible to scale up the size as big as needed (Higgins, 2012).  

The first time using a container for composting the process may be a little bit slower 

compared to if the container has been used several times. This is because the container then 

habitat microbes from earlier composts. Therefore it is unwise to wash or empty the container 

completely between uses (Higgins, 2012). 
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Figure 4. The boxes were designed with a loose wall to make them easier to empty (Grönlie, 2012) (Photo: Ö. 
Grönlie, 2012).  
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3. Method 

The evaluation is done by making a compost trial in Kampala, Uganda and control physical 

and chemical parameters as well as trying out the user friendliness of the method in field. 

Safety aspects were controlled by measuring temperature and measuring fecal indicators. The 

composting efficiency was controlled by measuring pH and burning the material to weight the 

content of ash. 

Two trips were made to Uganda. The first was to set up the trial and was done December 

2011 to January 2012. The second was to control the finished product after 90 days and was 

done in the beginning of April 2012.  
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3.1. PROCEDURE FOR COMPOSTING IN KAMPALA 

For the experiment a compost trial was set up at a testing site in Kakiri just outside Kampala. 

The system tested in this trial is a two box system, with two cylindrical 1.5 m
3
 containers. The 

containers are black with a plastic sheet as the top which can have impact of the temperatures 

on the material that are close to the container walls, see Figure 5. The plastic sheets are 

designed so that water that has evaporated runs down outside the container.  

 

Figure 5. The containers were covered with plastic sheet (Photo: R. Higgins, 2012). 

Three pairs of composts were set up, labeled 1a, 1b, 2a, 2b, 3a and 3b. The different pairs 

were to test different amounts of feces, see Table 1.  
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Table 1. Content of the different compost containers. “Bio liners” refers to the number of bio liners in each 

layer. “ Layers” is the number of layers in the compost containing bio liners. “Age” is the age of the compost in 

days when the final testing of enteroccoci is done. “Fecal matter” describes the origin of the excreta that was 

put in the bio liners. “* “ Sanitary pads were put in the compost on the 4th layer. ** The compost was aerated 

with a metal stick on the 15th day”. ***” Pepoo bags were added in the 3th layer.  

Compost Bio 

liners 

Layers Age Fecal 

matter 

Notes 

1a 6 7 84 Pit latrine  

1b 6 6 93 Septic tank *,** 

2a 4 7 84 Pit latrine  

2b 4 6 93 Septic tank  

3a 2 7 84 Pit latrine  

3b 2 7 93 Septic tank  

 

To reconstruct a real toilet scenario, menstrual sanitary pads, MHM, were added in compost 

1b on top of the fourth layer. The pads were wetted with fresh water to get applicable 

moisture content. However the MHM were opened so the surface areas were stretched to 

maximum, which would not have been the case if they were put in by a woman.  

In compost 1b 200 Pepoo
1
 bags filled with source separated feces were added evenly spread 

in every layer in compost 2a to test if the bags were digestible for the compost.    

The composting procedure followed the Howard-Higgins composting procedure with some 

exceptions. Since half of the composts were started one week later than the other half 

according to Howard-Higgins procedure, different fecal matter were used, see Table 1. The 

human excreta received by tank truck was not urine separated as wished. Instead the material 

was a fecal sludge containing both urine, water, feces and probably household chemicals such 

as soup, chlorine and detergent. The material was collected from a septic tank and was very 

low viscosity with a density close to 1kg/L. Therefore, to get the same viscosity as urine 

separated feces the fecal sludge was mixed with soil in a ratio 50/50. This was done only in 

the week of charging the first set, 1b, 2b and 3b. For the next week of charging more 

appropriate excreta collected from a pit latrine was received. Still it was not urine separated, 

                                                 
1
 A Peepoo toilet is a onetime use biodegradable bag with urea inside, that is used to sanitize feces (Arnold et al, 

2009). 

  



17 

  

but without water added. The density of the pit latrine content was also 1kg/L but the 

viscosity appeared to the eye to be slightly higher.  

The procedure also parted from the algorithm when 1a was accidentally emptied right after 

the first charging week. It was supposed to stay sitting in the container for one more week. 

This happened during the growth of fungus and luckily enough fungus occurred in the heap 

anyway.  For closer details concerning dates, a composting schedule is attached in Appendix 

3.  

Since bioliners packed with earth and liquid fecal sludge is denser than urine separated feces 

mixed with compost, action had to be taken to increase the oxygen in the container in 

container 1b under the second week with new feces. This was done by making about ten holes 

with a metal stick. The holes penetrated the material from the top to the bottom. 

3.2. METHOD FOR CONTROLLING THE LEVEL OF SANITAZITION AND 

DEGRADATION 

3.2.1. Temperature 

To control the temperature development in the compost, measurements were taken in compost 

1b with an analogical 90 centimeter thermometer, see Figure 6. The first nine days of 

composting human feces, measurements were taken three times every day, in the morning, 

during daytime when the sun was strongest and just before sunset.  

 

Figure 6. The temperature was controlled with an analogical thermometer (Photo: Ö. Grönlie, 2012). (Grönlie, 
2012) 
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Measurements were taken on three places horizontally; in the center where there was 

bioliners, in the edge very close to the wall and in between the edge and the center where 

there were no bioliners. Vertically measurements were taken on the far top of the material, 

and at 45 and 90 centimeters depth, see Figure 7. When fluctuations seemed to stabilize, 

temperature was checked once every day and later a few times a week up to 27 days.  

 

 

Figure 7.The temperature was controlled at nine locations in the compost every time it was measured (Photo: 

K. Moen, 2012).(Moen, 2012) 

3.2.2. pH 

The pH were controlled on six places in compost 1B every fourth day during the composts 

first month. For this pH-indicator strips were used, see Figure  8. After 90 days the pH in the 

compost was checked again. The samples of compost were soluted 1:4 before reading the pH.  
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Figure  8. The pH was tested with indicator sticks (Photo: Ö. Grönlie, 2012).  

3.2.3. Method of controlling fecal indicators 

To control the appearance of Entrecoccus spp samples from the compost was grown on 

Slanetz Bartley Agar, SLABA plates, see Figure 9. Samples were diluted with water and 0.9 

% salt and then grown on plates that were prepared with agar. The testing was done initially 

in compost 1b after the first week of charging with samples taken from six places in the 

compost. It was only done from one compost with the assumption that the pathogen level was 

evenly spread in all bioliners and therefore the initial level was the same in all six composts. 

To know the decrease of pathogens entrecoccus was also grown from all the six compost after 

two and three months of decomposition. Since the composts by then were out of the boxes 

and had been mixed samples were taken from four random places in the compost 1a, 2a, 2b, 

3a and 3b. 1b was still the control compost and were tested at seven random places.  
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Figure 9. Dots made of colony forming fecal indicators (Photo: Ö. Grönlie, 2012). 

Further details of the testing procedure are to be found in Appendix 1 

3.2.3.1. Reduction calculations 

After incubating the plates in an oven, bacteria appeared on the plates like purple dots. A 

weighted average value of the bacteria density was calculated from Equation 3. When the 

plates were read, every dot, represented a colony forming unit, X, first corrected with then to 

the power of the dilution, n, of the sample.  

                                
   

 
   

          
   

    (3) 

 

To calculate the level of reduction a LOG based calculation was used, see Equation 4. 

 

 

                                                                                   (4) 

 

3.2.4. Dry substance and Volatile solids 

To control the water content in the compost samples the dry substance factor were calculated, 

see Equation 3. The dry substance fraction, fts, is the mass of the dry material ms, divided by 

the weight of the material before it was dried, where mw is the mass of the water in the 

sample. 

     
  

     
 (3)  



21 

  

The ratio of water when the sitting began and just after the first turning was measured by 

weighing samples of compost from diverse part of the container before and after drying the 

samples in 105˚C over night. This was done with samples from compost 1b on the seventh 

day when the sitting begun and also on the 14
th

 day after one week of sitting. The final water 

content was checked after three months in compost 1b and 2a on seven randomly selected 

places in each compost heap.  

The ash content was measured on the same dates as the water content. It was made by 

weighing the same samples before and after burning them in 550˚C for 30 minutes, see Figure 

10. During the process of burning all carbon will disappear as carbon dioxide, which is what 

also happen during the composting process, only slower. If the weight differs just a little bit 

before and after the sample has been burned it means that the degradation has gone very far 

and vice versa. 

 

Figure 10.  Samples of compost were burned in an oven in 550 ˚ C for 30 minutes( Photo: A-E. Joelsson, 2012). 
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4. Results 

4.1. DRY SUBSTANCE FACTOR AND VOLATILE SOLIDS 

The water content and percentage of volatile solids happen to differ a lot between different 

composts, see Table 2.  

Table 2.  Mean values of the development of the dry substance factor, Fts, and volatile solids, VS, in percentage 

of the total weight of the dried sample. Samples were taken from compost 1b which was well degraded and 

from 2a which was less degraded. N.m  refers to that no measurements were taken. The last samples were 

taken when compost 1b was 93 days and 2a was 84 days.   

        Age of compost [days] 7 13 93/84 

1b Fts(%) 40,3 63,2 66,8 

 VS(%) 32 25,4 13,2 

2a Fts(%) n.m n.m 54,7 

 VS(%) n.m n.m 18,5 

 

Compost 1b is more degraded than compost 2a. The measurement of volatile solids in 1b 

shows that the percentage of Fts was increasing most during the first weeks. That indicates 

that the degradation was most rapid in the beginning of the process. The volatile solids in the 

finished product were higher in compost 2a than in 1b. The content of water decreased during 

the process in compost 1b. The finished product in bin 2a is wetter than in bin 1b.  

4.2. pH DEVELOPMENT 

The pH did not change dramatically and stayed within the same interval during the process, 

see Table 3. 
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Table 3. Average values and standard deviation of the pH development. Samples are controlled from 6 

different places in compost 1b; M1-M3 and K1-K3.  

Age of compost 

[days] 

Average 

pH 

Standard 

Deviation [units] 

4 6.8 1.8 

8 5.8 0.7 

10 6.2 0.4 

14 6.0 0.0 

94 6.3 0.5 

 

The pH was decreasing in the first stage of degradation. In agreement with the theory it did 

after that increase for a while and then it decreased again.  

4.3. TEMPERATURE DISTRUBUTION OVER TIME 

The heating process appeared differently in different parts of the container, see Figure 11.  

 

Figure 11. Neither the location close to the container wall 10 centimeters down in the compost, (top edge,) the 
location in the bottom of the compost between the bioliners and the wall, (bottom center,) or the far center of 
the container where there were bioliners reached 50˚ C during the process.  

In none of the locations where temperature was controlled, the temperature fulfilled the 

requirements for sanitization set up by WHO that requests a temperature above 50°C for over 
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one week. “Top edge” showed big fluctuations between day and night and was very much 

affected by the outside temperature. There is no clear heating process in “top edge”. Both 

“Bottom Center” and “Center Center” showed a distinct mesophile and cooling phase. 

“Center center” also reached the thermophile phase which location “Bottom center” did not 

do. 

4.4. REDUCTION OF PATHOGENS 

Results from the reading of SLABA plates varied much, see Table 4. Even the power of the 

reduction did not coincide. None of the composts fulfilled neither the definitions of 

sanitization set by WHO 2006 nor the regulations for Enterococcus feacalis set up by the 

European Parliament 2009. 

Table 4. The most sanitized compost was compost 1b, but since compost 1a been working 9 days shorter than 
1b, it is the compost with the fastest sanitization ratio.  

BOX No samples cfu ini cfu 84 d cfu 93 d Reduction% LOG10 
red 

Sanitized 

1a 8 44400 68  0,999752 3,8 No 

1b 18 44400  30 0,99989 3,9 No 

2a 8 44400 10363  0,961884 1,6 No 

2b 8 44400  124 0,999545 3,5 No 

3a 8 44400 405  0,99851 2,9 No 

3b 8 44400  1046 0,996152 2,6 No 

 

4.5. OBSERVATIONS 

No smell of ammonia occurred during the whole process, and no more flies than ambient 

occurred close to the containers.  

When digging in the composts 84/93 days after starting the processes, some of the composts 

had an unexpectedly high amount high amount of stones in them. During the same visit it was 

also clear that soil animals such as small beetles and worms habituated in the compost 

material.  Plastics from menstrual pads still occurred in compost 1b, even though the cotton 

parts of it had disappeared. A lot of the pads and Pepoo toilets were sorted out from the piles 

because of some misunderstanding with staff managing the composts, see Figure 12. The 

Pepoo toilets had not been broken down before they were removed from the pile, which 

makes it hard to say anything about the composts ability to digest them.    
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Figure 12. Peepoo toilets and menstrual pads were sorted out from the compost pile (Photo: E. Sindani, 2012). 

In all the compost bins in the first set (1b, 2b and 3b,) fungi started to be visible after two 

weeks of charging the compost, see Figure 13.  

 

Figure 13. White fungi appeared in the compost after two weeks after the charging begun (Photo: Ö. Grönlie, 
2012). 
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5. Discussion  

5.1. IS HOWARD-HIGGINS METOD A SAFE AND EFFICENT WAY TO SANITIZE 

HUMAN FECES? 

There were big differences between different compost boxes in both the level of 

decomposition seen by the eye and the level of reduced pathogens. It is unlikely that the 

heterogeneity is made only by difference in the number of bioliners added to the composts. 

The variation in the results was there even though this trial was monitored by one of the 

designers of the method, the result in degradation and sanitization is a bit unstable. It shows 

that it can be hard to make a recipe for the compost that will always succeed in making the 

material sanitized and well degraded. Even if every step in the method is followed, it is not 

completely sure that the finished compost will become as wished. 

Temperature and pH were only controlled in one box 1b, therefore it is not correct to evaluate 

these factors for the method in general. Still this box was the one with the best reduction of 

pathogens, and the one that looked the most degraded. For that reason, the values of 

temperature, degradation, and pH in this trial were probably favorable compared to what 

probably might been given if a mean value from all the composts was calculated.  

The large amount of stones in the finished material gives a vague guess that soil, additional to 

what is included in urine-earth might have been added to the compost for some reason.   

5.1.1. The process 

Since there was no smell of ammonia during the whole process, the assumption of aerobic 

degradation is probably correct. The lacks of odors also give good hope for the compost as a 

fertilizer since it makes it likely that a lot of the nitrogen is kept in the material   

The pH variation was not big enough to affect neither the size of emissions nor the habitat for 

the pathogens. The pH was too low for the compost to have any ammonia emission. Since no 

pattern of pH change was seen, the theory of pH fluctuations in composts earlier described 

does not seem to be applicable on these composts. The lack of fluctuations on the pH-scale 

can also be a cause by the testing methodology. An error in the pH measurements could 

maybe have occurred since the samples was not malted before tested. The acidity could have 

been unevenly spread in the sample. For example, one sample could have consisted with more 

acid material than what was representative for the compost in general, and therefore show a 

lower pH.  
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The compost was according to the result from measuring the volatile solids digesting at a 

speed that is normal for termophilic composts (Vinnerås, 2012).  

When the water content was measured at day 13 and day 93 compost 1b had a water content 

that exceeded 60% which probably is part of the reason why the compost did not become 

sanitized.    

5.1.2. Sanitization 

 The heating process never produced temperatures high enough or long enough to have the 

compost material sanitized according to any of the suggested requirements.  

Most probably an insulated container that keeps the produced heat more even over day and 

night would be useful even in tropical climates. If the material is not cooled down by the 

ambient temperature every night it could probably speed up the process and make bigger 

margins in pathogen killing. It may also minimize edge effects if the periphery parts of the 

compost do not interact with the temperature of the container walls.  

The result in the measuring of fecal indicators concluded that the heating had not succeeded in 

any of the composts. None of the compost did achieve to be below the limits of 5log10 

reduction required to be sold as fertilizer or soil improver. Compost 1b was the one closest 

which is illogical since it was the container containing most bioliners. Therefore other 

measures need to be taken for increasing the safety of the compost when reused as fertilizer.  

5.1.3. Safety 

The two box system earlier described is not cholera proof, since the storing time is not long 

enough for cholera inactivation and since rats can get in to the boxes (Higgins, 2012).To get it 

cholera proof a new system with four boxes where no material will be stored on the ground, 

needs to be designed. Since the possible implementation of Howard-Higgins compost is 

supposed to happen in eastern Africa where cholera is common, (Weekly epidemiological 

record, 2011), this is a key for any further implementation. 

The method itself includes a lot of risks. If the compost is not handled correctly or if the 

outcome is not successful in some way, pathogens may not die off as assumed and people and 

animals can get sick. For example if the fungi does not appear without anybody noticing its 

absence, it might ruin the whole sanitization process. Since some of the necessary fungi are 

invisible, it is impossible to know if it is working. Higgins quote “It is like driving a car” 
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pointing at that also driving could be deadly if it is done by an untrained person, is not the 

most securing comparison.  

Another noted problem is that it is hard to control the use of protective clothing. In a hot 

climate it is tempting to work without warm cloths such as gloves and rubber coat. It is of 

highest importance to instruct whoever is to handle the compost, the action necessary to avoid 

contamination of pathogens. Since pathogens are invisible a pedagogical challenge is to 

explain the potent danger of pathogens.  

5.1.4. Efficiency 

Considering the amount of organic material produced a subjective view is that a lot of labor 

and material is needed to create a limited quantity of material. Much of the material used in 

this trial were not waste, and would otherwise have been used for something else than 

compost. For example banana peels are given to cows as a complement to grass.  It can be 

hard for one household to produce 30% of a daily layer in kitchen waste when much of the 

ingredients serves another purpose. The compost user also has to have access to cows to get 

cow dung which has many other functions such as fertilizer, building material and fuel. 

Availability of fresh water is a limiting factor. If the area is somehow close to have restricted 

water exploit, Howard Higgins method should not be considered. In Kampala district there is 

a dry season from January to Mars and to feed the compost with big amounts of fresh water 

cannot be of highest interest during this time. Other methods of sanitize human feces such as 

urea treatment are better adopted for dry places.  

5.1.5. Comparison to earlier studies 

Niwagaba et al (2009) made a similar compost trial in Kampala, where they tested three types 

of thermophile composts. In that trial, only the insolated composts were sanitized and 

therefore comparisons are only made with those. Those composts had a much higher 

maximum temperature, 68 respectively 74 degrees Celsius, than 1b that had its peak at about 

48 degrees Celsius. The insolated composts were also significantly dryer than 1b and 2b, and 

had a much higher pH throughout the trial. Also, the final product in compost 1b and 2b had 

lower ash contents compared to Niwagaba’s which indicate that a lot of the carbon was lost 

through emission in the composts reached high temperature. 
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6. Conclusions 

A Howard-Higgins compost is digesting organic matter relatively fast. However, the method 

does not sanitize human feces in 90 days. The user of the compost has to be well informed 

about the methodology to even consider using it, still to perfectly follow the prescription is 

not a promise that the compost will be sanitized and degraded.  

The method is water, labor and material demanding and not efficient in the current scale and 

design. To be able to use Howard-Higgins system the method needs to be simplified and 

further investigated in both safety factors and the finished materials efficiency as a soil 

improver. It is not appropriate to add sanitary pads if there is no attention to clean the material 

from plastics before putting it into the fields.  

Howard-Higgins compost is best suited for compost enthusiasts, and preferably without 

human feces added. In that form, the method is very similar to the Indore composting method.  

Because of the composts inefficiency and insecurity it is not appropriate for Susan Design to 

implement on their testing site with the purpose to sanitize human feces. Other methods such 

as urea treatment are more safe, easy and efficient (Isaksson, 2012).  

6.1. FUTURE TESTING AND DEVELOPMENT 

Composts potential as a fertilizer and soil improver are not tested nor evaluated in this trial. 

Further testing that would be of highest interest is for example; How efficient is the material 

as soil improver? What is the chemical content of the compost? To what degree are nutrients  

lost through emission? What is the nature of the fungi? Can the fungi be achieved in a faster 

and easier way? What is needed to make the compost system cholera safe? To secure the 

result that Pepoo toilets were not degraded nor made the feces sanitized, if the bags were put 

in a Howard-Higgins compost, new compost trials needs to be done. 

If Howard-Higgins method gets a new design also the instructions for the methodology needs 

to be renewed and very much simplified. Preferably no bureaucratic language should be used, 

which will make it easier for people that do not have English as their native language. 
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Appendix 1 

Growing bacteria on medium 

By adding a sample that needs to be tested to a plate with agar together with salt the amount 

of pathogens can be controlled. Agar is a medium where bacteria can grow and depending on 

what is tested, different sorts of agar is used. In this case the study is made on Enterococcus 

feacalis tested on SLABA plates. 

To get good resolution of the amount of pathogens in a sample many different dilutions of the 

sample are placed on different agar plates. When the samples are prepared they are placed in 

an incubator that can hold a certain temperature, 34˚
 
in this case, for two days. If the samples 

stay longer, they might run out of carbon and start to die off. 

When the plates are analyzed 48 hours after addition there will, if there were any entrecocci, 

be purple marks on the plates. By counting the marks, multiplying them with ten too the 

power of the dilution and take the mean value of the different dilutions the amount of bacteria 

can be decided.  

 

 

 

 

Figure I. Two agar plates with the dilution of 10-2 (left) and 10.3 (right) In this example the first plate has got 

10*102 colony forming bacteria/g sample  and the other 1*103 colony forming bacteria/ g sample. Therefore 

the plates had the same amount of bacteria.  
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Method 

Below follows a step by step for diluting one sample up to 10
-6 

. Still, the procedure is 

applicable for any dilution: 

1. Six tubes were filled with 9 ml of a salt solution (NaCl). 

2. Each pipe was marked with A1,A2,…,A5. 

3. 1 g of the sample was added to tube A1. When this was done, the first dilution 

(10-1) was done. 

4. Tube A1 was shaken. 

5. 1 ml from tube A was added to tube A2. When this was done, tube A2 contained a 

10-2 dilution of the sample. 

6. The pipette tube was thrown away. 

7. Tube A2 was shaken. 

8. 1 ml from tube A2 was added to tube A3 with a new pipette tube. When this was 

done, A3 contained a 10-3 dilution. 

9. Again the pipette tube was changed. 

10. Tube A3 was shaken. 

11. The same procedure was made for all tubes up to A5. 

When the dilutions were placed on agar plates they were once more diluted since only 1 ml 

was added to 9 ml of agar. Tube A1 therefore was diluted 10
-2

, tube A2 was diluted to 10
-3

 

and so on.  

Step by step for placing samples on agar plates 

1. 0.1 ml from tube A5 was placed on SLABA agar plate and named A-6 (named after 

the dilution).  

2. A special tool was used to spread out the dilution on the plate by moving in 

forward and backwards on the plate. 

3. Since A5 was the most diluted sample, there was no need of changing the pipette 

tube. 

4. The same thing was done with all the other samples. 

The samples were then placed in an oven at the temperature of 34˚ C. 
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Appendix 2 

Meeting with Getrude from SWEGAN 20/12 

The NGO SWEGAN, are handling waste in the slum areas in Kampala. They collect plastics 

to recycle, and they also collect organic waste to compost. Their method for composting is 

very simple, no training is needed to do it. When the compost is finished they use the material 

to make small scale gardening in the slum. People in the slum usually can´t afford to buy 

vegetables and therefore often lacks nutrients in their food.  

Getrude believes that it will be almost impossible to implement human feces as a fertilizer 

since the excreta is looked upon as something from the devil. It is very taboo. Urea treatment 

has to be introduced very carefully.  
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Appendix 3 

Procedure for composting in Kakiri 

 

 18 dec:  

First layer is put in to compost 1a1 to grow fungus. Everything is chopped down. 

The ratio is 30% nitrogen 70% carbon. 30 liters of water is added. 

 

 19 dec:  

Same as the day before, and everything that is added is weighted and measured. 

 

 20-23 dec: 

Same as 20th , but instead of fresh water a mix of cow dung and water is pored on 

the compost. The volume added is still 30 liters. 

 

 24 dec: 

Compost 1a1 is emptied and put beside the container in a heap. The first layer is 

added to compost 1b 

 

 25-27 dec:  

A new layer (same as 20th) is added to compost 1b each day. 

 

 28 dec: 

Inoculation is done, 5 forks of compost 1a1 is added to compost 1b. Another layer 

is charged on compost 1b. 

 

 29 dec: 

This is when it went wrong. The material of compost 1b is emptied and added 

onto the heap of compost 1a1. Container 1a as charged allover and the material 

inside is labeled 1a2. First basic layer is put in the new compost. 

 

 30,31 dec, 1-4 jan: 

Compost 1a2 is charged with a new layer every day. Fungus is established. 



V 

  

 

 5 jan: 

Fungus is established in 1a2. 

 

 6 jan: 

1b,2b and 3b are all charged with a basic layer. 

 

 7 -jan 

Compost 1b is charged with half of a normal layer. After that 6 bio liners are 

added in the middle, no closer than one foot from the edge. The bio liners are 

covered with the rest of the layer. The layer is also inoculated with one fork full 

from 1a.  

 Same thing is done for 2b, but only with 4 bioliners in each layer and also in 3b 

with 2 bioliners.  

 

 8-9 jan: 

1b,2b and 3b are charged as 7 jan. 

 

 10 jan: Same as 8th but 20 MHM are added to 1b. 

 

 11-12 jan: 

Same as 8th but old pieces of corn starch is added to the bioliners to make them 

soak some of the liquid. 

 

 13 jan: 

1b and 2b cannot fit another layer and are left sitting. Another layer with 

bioliners are put in 3b.  

 

 14 jan: 

A basic layer are added to 1a, 2a and 3a. 3b are left sitting. 

 

 15 jan: 



VI 

  

1a, 2a, and 3a are charged with bioliners containing the new feces. In 1a 6 

bioliners are put every day, 4 in 2a and 2 in 3a. 1b, 2b and3b are emptied and put 

under a sheet cover on the ground.  

  

 16-19 jan: 

Same as 15th but.  

 

 20 jan: Same as 16th. Holes are made in 1b with a metal stick. 

 

 21 jan: 

1a,2a, and 3a are left sitting. 

 

This is when we leave Kakiri. From now on the compost is handled by a Anette 

who is hired by Susan Design.  


