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ABSTRACT 

Anaerobic degradation of organic waste is a natural treatment phenomenon that has 

lived with man since ancient times. However, the growing search for innovative and 

resource recoverable options to fast-track the decomposition process under regulated 

conditions has led to the development of anaerobic bioreactors which, in recent times, 

are receiving popularity especially in the developing countries. In Africa, one area 

where the application of this technology is still very young is faecal sludge (FS) 

treatment. Although, waste stabilization ponds are used for the treatment of faecal 

sludge in Kumasi, Ghana, there are some associated operational challenges due to 

difficulty in desludging the anaerobic ponds. As such, the treatment system has since 

2014 been out of operations and is currently under rehabilitation. This study therefore 

sought to assess the feasibility of using anaerobic digestion (AD) as an alternative to 

pretreat the faecal sludge before discharging into the facultative ponds for further 

treatment. The physicochemical and microbiological properties of the sludge were 

investigated by analyzing the pH, TS, VS, COD, TP, TKN and helminth eggs according 

to standard protocols and then the VS:TS, COD:TP and COD:TKN ratios were 

computed to assess the suitability of the sludge for anaerobic digestion. Laboratory 

scale batch AD tests were performed both at 37oC and ambient conditions (20.5-35oC) 

to assess the sludge digestibility, the biochemical methane potential, and the impact of 

the prevailing local temperatures on the treatment. The efficiencies of the treatment 

processes were then assessed by computing the percentage removal of the sludge 

constituents. The average volume of FS collected from the Metropolis, and that which 

required treatment was found to be 375 m3/d. It had the following characteristics: pH 

of 7.7±0.1, VS of 69.6±3.8 as %TS, COD of 12855±4559 mg/L, TP of 30±5.1 mg/L, 

TKN of 2063±941 mg/L, VS:TS of 0.7, COD:TP of 441, and COD:TKN of 7.2. The 

specific biomethane yield at 37oC and 20.5-35oC were found to be 0.19 and 0.18 NL 

CH4/g VS added respectively; and ANOVA test yielding p-value of 0.16 (greater than 

the alpha of 0.05) confirmed that the effects of these temperature regimes on the 

methane yield were not significantly different. There were similar pollutant removal 

efficiencies for the setups under 37oC and 20.5-35oC although the latter performed 

slightly better due to the longer retention time taken to reach digestion completion as 

compared to that at 37oC.  
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CHAPTER 1 : INTRODUCTION 

1.1. Background 

The population of the world that is lagging behind in access to basic sanitation is 

estimated to be 40 percent, with about 2.4 billion people using unimproved sanitation 

facilities and 946 million practicing open defaecation on the global scale (Joint 

Monitoring Programme, 2015a as cited in Giné-Garriga et al., 2017). With the 

measurement of proportion of population using safely managed sanitation services, and 

having a hand-washing facility with soap and water as the sole indicators of the 

Sustainable Development Goal (SDG) target 6.2 according to Hutton and Varughese 

(2016), then the safe handling and on-site treatment or the safe storage, collection, 

transportation, treatment and safe end use or disposal of faecal matter cannot be less of 

a priority to any society. This chain of activities is referred to as faecal sludge 

management. 

 

Faecal sludge management encompasses a sanitation system that deals with human 

excreta from the point of generation to the point of use or disposal without jeopardizing 

public health. As such, sludge treatment activities focus on sludge stabilisation, 

pathogen inactivation, sludge dewatering and nutrient management. According to Koné 

(2010), onsite sanitation technologies form 80% of the existing access to sanitation in 

urban areas of Sub-Saharan Africa and irrespective of improvement in access to 

sanitation over the last decade on the global scale, every 7 out of 10 people in Sub-

Saharan Africa still lack access to improved sanitation (WHO/UNICEF, 2014). 

Considering these figures, it is evident that faecal sludge management will still form an 

integral part of worldwide sanitation management in years to come. 

 

However, it is practically impossible to achieve access to adequate and equitable 

sanitation for all through adoption of only the preferred few known sanitary 

technologies since the world is a mixture of societies with different economic strengths. 

Whereas developed high-income countries are generally characterised by a wide 

coverage of improved sanitation and sewer-based systems leading to well managed and 

efficient central treatment facilities, lower coverage and rather simpler decentralised 

on-site sanitation systems usually dominate in the low-, middle-income and/or 

disconnected areas (Lebersorger et al., 2011). As Lalander et al. (2013) point out, these 

sewerage and centralised treatment systems adopted in advanced countries are too much 
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energy based, cost intensive and too complex to be practiced in the poor, developing 

parts of the world. It is not surprising therefore that emerging innovative technologies 

capable of cost/resource recovery are becoming very popular in developing nations in 

recent times. 

 

The case of Ghana is no different. Data from the 2010 population and housing census 

show that about 94% of the population uses onsite sanitation systems comprising 

mainly of pit latrines, Ventilated Improved Pit (VIP) latrines, Kumasi Ventilated 

Improved Pit (KVIP) latrines and public toilets. The sludge from these facilities are 

usually treated using waste stabilisation ponds (WSPs), just as is being practiced in the 

Kumasi Metropolis, the area selected for this research. Due to the strategic siting of this 

faecal sludge treatment facility, the sludge is co-treated with leachate from the Kumasi 

landfill site. The world is however moving towards green technologies of waste 

management which also have potential for value addition. 

 

One of such innovative technologies is anaerobic digestion (AD) in which digesters are 

employed to degrade organic waste and produce valuable by-products such as clean 

energy (biogas) and manure. Whereas anaerobic degradation is a natural process 

involved in the treatment of organic wastes from ancient days, the first industrial 

application of the AD technology was in the year 1859 in Bombay, India. Later on, 

biogas was regained for street lighting purposes in Exeter, England by year 1895 from 

a wastewater treatment plant using sewage as the feedstock for the biogasification 

(Monnet, 2003).  

 

Despite the attractiveness of the AD technology, some setbacks with regards to the 

construction, operations, process conditions, and the biology of digestion were 

encountered in the earlier implementation of the technology. Examples of these 

challenges, according to Raven and Gregersen (2007), include lack or limited 

experience with digesters on the part of both constructors and operators, technical issues 

resulting in plant downtimes, and low gas yields due to inefficient digestion. Also, 

several operational parameters and factors affect the process of anaerobic digestion. 

Among these factors are temperature, pH, organic loading rate, hydraulic loading rate, 

carbon to nitrogen ratio, and toxicity, and the microbes associated with the digestion 

process are said to be easily offset by substantial fluctuations in any of these parameters 
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thereby impacting the process negatively (Chen et al., 2008; Vögeli, 2014). Irrespective 

of the many modifications adopted to optimise AD plants, operational instability is still 

a major challenge which limits the acceptability and commercialisation of AD 

processes in many parts of the world. This therefore hampers the full exploitation of 

the biomethane potential of the varieties of feedstocks available worldwide.  

 

Nonetheless due to growing scarcity of resources and association of the ascending 

energy demands with the increasing quest for industrialisation and improved living 

standards, civilisations will rather continue to optimise resource recoverable 

technologies than to completely do away with them. As such, several nations are 

resorting to biofuel products from diverse sources to manage this crisis. The conversion 

of local waste substances to produce energy towards supporting local energy demands 

is also becoming common. These approaches for heat and power generation are gaining 

motivation nowadays particularly because they reduce dependency on fossil fuels, 

mitigate the emission of greenhouse gases (GHGs), provide renewable energy, 

minimise pollution from municipal wastes, provide alternative for inorganic fertilisers 

and even provide avenues for employment (Demirbas and Balat, 2006; Haberl et al., 

2011). In this spirit lies the exploration for biomethane (upgraded biogas to increase 

methane content) from putrescible waste materials.  

 

From the statistics of Kummamuru (2015), an estimated 56.1 billion m3 of biogas was 

produced worldwide in 2012 with major contributions from Europe (42.2%), Asia 

(32.8%) and the Americas (23.3%) while Africa yielded only 0.00025%. This biogas 

was used as a sustainable replacement for other forms of energy such as firewood, 

charcoal, and petroleum gas. Unlike in these other continents, biogas/biomethane 

production in commercial quantities is generally still young in Africa, although 

accelerated efforts are being made in recent times by many African countries to shift in 

that direction. Ghana however, is yet to be named among the few African countries 

(Uganda, Kenya, Ethiopia, Rwanda, Tanzania, Cameroon, Burkina Faso and Benin) 

which are known for national biogas programs (Roopnarain and Adeleke, 2017). Thus, 

Ghana’s reliance on fossil fuels and other forms of energy is still much higher than on 

the use of green, renewable energy. 
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1.2. Problem Identification 

One challenge associated with waste stabilisation ponds (WSPs) in treating organic 

wastes is the emission of greenhouse gases (GHGs) into the atmosphere with CO2 and 

CH4 being the main species involved (Glaz et al., 2016). Using anaerobic ponds to 

manage one environmental pollutant on one hand therefore contributes on the other 

hand to global warming, another phenomenon of environmental concern. Many studies 

have shown the recoverability of valuable resources including clean energy from 

anaerobic bio-waste treatment. While the feasibility of those study outputs is being 

demonstrated in many parts of the world as evidently shown by the 26.5 million biogas 

plants installed in China as at 2007 (Deng et al., 2014), the over 14,500 biogas plant 

installations across Europe (Torrijos, 2016), and in about 1,200 household biogas units 

constructed in Pakistan under the Biogas Support Program initiated by the Pakistani 

government (Yasar et al., 2017), the practice of using AD for organic waste 

(particularly faecal sludge) treatment has not been extensively adopted in Ghana.  

 

Faecal sludge (FS) has become a menace with diverse negative environmental and 

social impacts at FS treatment site and its environs since the failure of the Dompoase 

WSPs in 2014 due to challenges in desludging the anaerobic ponds. According to 

Arthur et al. (2011) this same ‘problematic’ waste substance has the potential of 

generating reliable resources including clean energy when a slightly different 

technology, anaerobic digestion, is applied other than the WSPs. Due to the wide 

variation of climatic conditions across regions, choice of toilet facilities used, lifestyle 

of society and varying faecal sludge characteristics, it will be very deceptive to claim 

the same AD success story for other localities for a different place without first 

performing a scientific study to assess its site-specific performance. Hence the need to 

research the treatability of the faecal sludge that is collected and transported to the FS 

treatment site in Kumasi, Ghana using AD and to assess the physicochemical stability 

of the effluent/digestate as an indicator for the AD efficiency in pre-treatment of the 

sludge. 

 

Many publications discussed various types of organic wastes including faecal sludge as 

suitable feedstocks for anaerobic digestion. Unfortunately, not much data is available 

on the quantum and characteristics of different age categories of faecal sludge as 

feedstock that require treatment as either mono- or co-substrate for anaerobic digestion. 
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Since these characteristics will influence the digestibility of the sludge differently, there 

is the need to vividly investigate the properties of the sludge if Ghana will be successful 

in achieving sustainable sanitation through the conversion of faecal waste to 

environmentally friendly resources.  

 

Although the average temperatures in tropical regions are around the mesophilic range, 

only a handful of publications from previous studies highlight the performance of AD 

systems under ambient conditions, with almost all such systems in operation being 

small-scale plants. No such research documentation has however been found for the 

case of Ghana and therefore it will be interesting to investigate the influence of the 

prevailing temperatures in the research area on the biodigestibility of the faecal sludge. 

 

1.3. Justification 

The quest to achieve access to improved sanitation by stopping open defaecation 

(Crocker et al., 2017) cannot be justified when the handling and final disposal of faecal 

sludge is drawn out of perspective. Assessing the feasibility of the AD process as pre-

treatment of the faecal sludge will therefore provide useful data to stakeholders about 

the efficiency of the AD alternative and if adopted in field applications, this alternative 

will provide solution to the current difficulties encountered in desludging the anaerobic 

ponds in Kumasi.  

 

Since the AD process has potential for resource recovery (Nghiem et al., 2017; 

Roopnarain and Adeleke, 2017), the study will provide data on the methane 

recoverability of the faecal sludge.  This biomethane potential data of the sludge will 

therefore be instrumental in assisting stakeholders to make informed decisions when 

deliberating on modifications/options to be adopted for the FS treatment. 

 

In summary, the findings of this research and a successful implementation in the study 

area or in other similar parts of Ghana will therefore impart a three-dimensional 

significance: environmental, economic, and social. It will help ensure efficient faecal 

waste management if accompanied by post-treatment options such as facultative and 

maturation ponds. This will help to protect the environment from pollution by the raw 

disposal of faecal matter into the environment. As a replacement of other sources of 

energy, the biomethane to be produced may be significant to support in the fight against 
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the endemic energy crisis by decreasing the energy deficit. There is the added advantage 

of reducing global warming through recovery of the methane gas aside reducing the 

felling of trees for wood fuels. The treatment process will also have the potential to 

produce manure which can be applied as soil conditioners to boost agricultural 

production. Economic prosperity and the general wellbeing of the people will 

ultimately be enhanced thereby promoting the attainment of the sustainable 

development goals (Sachs, 2012; World Health Organisation, 2015). 

 

1.4. Goal and Specific Objectives 

The goal of this research is to assess the potential of anaerobic digestion as an 

alternative means of pre-treating faecal sludge from the Kumasi Metropolis. 

 

The specific objectives of the study are as follows: 

1. To quantify and characterise the different ages of faecal sludge as feedstock for 

anaerobic digestion 

2. To determine the substrate digestibility, biogas production rate and ultimate 

biomethane yield of the faecal sludge 

3. To investigate the effect of prevailing local temperature on the faecal sludge 

digestibility 

4. To assess the biological and physicochemical stability of the effluent from the 

anaerobic digestion process 

 

1.5. Research Questions 

This study sought to provide answers to the following questions: 

1. What was the quantity and characteristics of the faecal sludge that was collected 

from primary containments and thus required effective treatment? 

2. Would the properties of the faecal sludge be favourable for effective treatment by 

anaerobic digestion? 

3. How efficient would the faecal sludge digestion be under the prevailing ambient 

temperatures as compared with that under optimum mesophilic condition? 

4. How much resource (biomethane) would be recovered from the AD treatment 

process? 
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1.6. Study Scope and Delimitation 

This study was limited to classifying the faecal sludge from the research area into three 

age categories based on the mean desludging frequencies and characterising each group 

as well as the mixed sludge sample by analysing six physicochemical parameters: TS, 

VS, COD, pH, TP and TKN which are relevant to the anaerobic digestion process. The 

anaerobic digestibility of the samples was investigated at laboratory scale at the Kwame 

Nkrumah University of Science and Technology, Kumasi. The effluent stability and 

biomethane potentials of the feedstocks were then analysed. The three classes of faecal 

sludge considered in this work were distinguished by their sludge strengths as high 

strength, medium strength, and low strength. Because the treatment plant does not 

receive only one class of sludge, priority was given to the combined sludge sample 

which was formed by mixing the three classes based on their proportions received at 

the treatment site on the day of sampling. 

 

Kumasi was selected as the site for this study because like other urban centres across 

the country, this city is characterised by a growing population of different social classes 

and with different toilet facilities in existence. Safe final disposal of faecal waste in this 

metropolis was becoming a challenge and sustainability of the technology (waste 

stabilisation ponds) herein employed for faecal sludge treatment was becoming 

questionable considering the various constraints being faced by the local authorities in 

desludging the anaerobic ponds. Sampling site boundary was limited to the faecal 

sludge treatment site at Dompoase.  
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CHAPTER 2 : LITERATURE REVIEW 

2.1. Faecal Sludge Management  

Faecal sludge management is the collection, transport, treatment, and reuse/disposal of 

faecal sludge from pit latrines, septic tanks or from other onsite (non-sewered) 

sanitation systems. It is an area of growing interest in the light of global efforts to 

achieving the SDGs especially in developing countries as the quantities of faecal sludge 

to be managed are on the ascendency due to increasing populations and limited number 

of sewered sanitation installations in these areas. Owing to financial constraints, 

frequent power failures, intermittent water supply and general water scarcity, Strauss 

et al. (2003) predicted that the dependence of developing countries on onsite sanitation 

systems will continue to grow for decades to come. Nevertheless, several challenges 

are encountered in the collection and transport of faecal sludge (FS) especially in urban 

centres and unplanned settlements. These challenges hamper the success of FS 

management schemes and pose stakeholders at risk. Shown are the sanitation service 

chain (Figure 2-1) as adopted from Parkinson et al. (2013) and some highlighted causes, 

problems, and effects of poor FS management (Figure 2-2). 

 

 
Figure 2-1 Sanitation service chain (Parkinson et al., 2013) 
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Figure 2-2 Present-day FS management (Strauss et al., 2003) 

 

2.1.1. Quantification and characterisation of faecal sludge 

Collection and transport of faecal sludge from onsite systems to treatment plants is 

essential because they provide a critical link in the service chain that makes access to 

sanitation a reality. Although correct estimation of faecal sludge volumes that require 

treatment is needed for a proper design of sludge treatment facilities as well as for the 

design of sludge collection and transport systems, it is usually not easy to quantify 

E
ff
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High risks of transmission of gastro-intestinal infections 

Morbidity and mortality 
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faecal sludge volumes. However, two theoretical approaches were developed for faecal 

sludge quantification. These are the sludge production method and the sludge collection 

method, depending on whether the goal is to determine total sludge produced or the 

expected sludge loading at a treatment plant. Due to the variability of FS volumes, 

making site-specific estimates has been found to be necessary in obtaining more 

accurate values for the faecal sludge volume produced and collected rather than merely 

estimating the sludge volumes based on literature. Thus, having case-specific data is 

essential for the proper sizing of the infrastructure required for collection and transport 

networks, discharge sites, treatment plants, and end-use or disposal options (Strande 

and Brdjanovic, 2014). 

 

In general, the parameters considered in the characterisation of faecal sludge have been 

reported to be similar to those used in characterising domestic wastewater except that 

faecal sludge usually show higher strengths, and therefore the characteristics of these 

two waste streams cannot be assumed to be same (Strande and Brdjanovic, 2014). These 

parameters broadly include pH, total solids (TS) and volatile solids (VS) 

concentrations, chemical oxygen demand (COD), biochemical oxygen demand (BOD), 

nutrients, pathogens, and metals. Faecal sludge characteristics are highly variable and 

according to Niwagaba et al. (2014), the factors contributing to this variation include 

the type of toilet facility being used, the way the facility is used, sludge storage duration, 

the prevailing local climate, approach adopted in sludge collection, inflows of runoff 

and/or groundwater, and infiltration of leachate from the containment into the 

environment. 

 

Faecal sludge is generally grouped into three: low-, medium-, and high-strength faecal 

sludge depending on average properties (concentrations of analysed parameters) of the 

sludge.  
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Table 2-1 Reported characteristics of public toilet sludge 

Parameter Reference 

pH TS VS COD BOD TKN NH4-N TP  Helminth eggs  Coliform  

    (% TS) (g/L) (g/L) (g/L) (g/L) (mg P/L) (numbers/L) (cfu/100 mL) 

7.9 >3.5% >60 20-50 >0.5 - 2-5 - - - Klingel et al. (2002) 

7.9 ≥3.5% 69 20-50 7.6 - - - 2500-60000 - Heinss et al. (1999) 

6.55-9.34 - - - - - - - - - Kengne et al. (2011) 

- 52.5 g/L 68 49 7.6 - 3.3 - - - Kone and Strauss (2004) 

- 30 g/L 65 30 - - - 450 - 1x105 NWSC (2008) 

- - - - - 3.4 - - - - Katukiza et al. (2012) 

 

Table 2-2 Reported characteristics of septage 

Parameter Reference 

TS VS COD BOD TN NH4-N NO3  TP  Helminth 

eggs  

Coliform  

  (% TS) (g/L) (g/L) (mg/L) (g/L) (mg N/L) (mg P/L) (numbers/L) (cfu/100 mL) 

<3% - <10 - - <1 0.2-21 150 600-16000 1x105 Heinss et al. (1999) 

34.106 g/L - - - - - - - - - USEPA (1994) 

12-35 g/L 50-73 1.2-7.8 0.84-2.6 0.19-0.3 0.15-1.2 - - - - Kone and Strauss (2004) 

22 g/L 45 10 - - 0.4 - - - - NWSC (2008) 
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Tables 2-1 and 2-2 compares the characteristics of faecal sludge from public toilet and 

septic tank origins based on values from previous studies to express the variability in 

faecal sludge characteristics. According to Montangero and Strauss (2002), the 

properties of wastewater in terms of the concentrations of the total solids, organic 

matter, ammonium and helminth eggs are lower than those found in faecal sludge by a 

factor of 10 or 100. 

 

2.2. The Process of Anaerobic Digestion 

The process of anaerobic digestion as applied in wastewater treatment refers usually to 

the use of varieties of anaerobic bacteria to degrade organics in the wastewater and 

stabilise the sludge in the process. The digestion process is quite complex as it consists 

of simultaneous actions of the various types of anaerobes involved. The process 

complexity is also partly due to the specific temperature and nutritional requirements 

of these groups of bacteria for effective digestion. In general, feedstock carbon to 

nitrogen ratio (C/N) of 25 – 35 and system temperature range of approximately 10oC to 

70oC are typically associated with anaerobic digestion. In anaerobic digestion 

processes, complex biodegradable organic matter is reduced in four main sequential 

steps. These are hydrolysis, acidogenesis, acetogenesis, and methanogenesis 

(Demirbas, 2016). 
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Figure 2-3 Process steps in anaerobic digestion 

(source: Rapport et al., 2008 as adopted by Abbasi et al., 2012) 

 

2.2.1. Hydrolysis 

Hydrolysis is the first stage of the anaerobic digestion process. It is characterised by the 

breaking down of complex organic compounds such as carbohydrate, proteins, and fats 

to simple forms as sugars, amino acids, and long chain fatty acids respectively. The 

activities of both obligate anaerobes and facultative bacteria are employed at this stage 

of the digestion process and the digestion is achieved via the enzymes produced by 

these microbes. Polymers are digested by these hydrolytic enzymes in several steps 

during which the change from a less degradable substance to a more, easily digestible 

form is accomplished (Gianfreda and Rao, 2004).  

 

Depending on the type and complexity of the substrate being degraded, the hydrolysis 

phase may span from a few hours to days.  However, according to (Yang et al., 2010), 

a number of researchers have demonstrated that enzymes such as amylase and protease 
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could be added to the degradation process in a controlled manner to improve the 

hydrolysis. This therefore steps up the substrate degradability, reduces the digestion 

duration and produces an environmentally friendly digestate of a more reduced volume 

thereby reducing its associated costs for disposal. Equation 2.1 represents the general 

hydrolysis reaction. 

 

(C6H10O5)n + nH2O → n(C6H12O6)                              Equation 2.1 

 

2.2.2. Acidogenesis 

Acidogenesis, otherwise referred to as fermentation by some researchers, is the second 

stage of the anaerobic digestion process. Unlike the microbes involved in the initial 

stage, the fermentative bacteria (acidogens) employed here are obligate anaerobes and 

they further breakdown the products from the hydrolysis phase (soluble organic 

monomers of sugars and amino acids) into ethanol and short chain volatile fatty acids, 

with traces of carbon dioxide, hydrogen, acetic acid, and ammonia (Vögeli, 2014).  

 

While the traces of hydrogen, carbon dioxide and acetic acid produced here are utilised 

directly by methanogens, the ethanol and fatty acids serve as substrates for the 

acetogens in the next stage of the digestion process. Equations 2.2 to 2.4 are examples 

of acidogenesis reactions. 

 

C6H12O6 → 2CH3CH2OH + 2CO2                              Equation 2.2 

C6H12O6 → 2CH3CHOHCOOH                                  Equation 2.3 

C6H12O6 → CH3CH2CH2COOH + 2CO2 + 2H2         Equation 2.4 

 

2.2.3. Acetogenesis 

Acetogenesis is the third stage of the anaerobic digestion process. This is where further 

molecule breakdown of the alcohols and fatty acids which were produced from the 

second stage takes place under the action of acetogenic bacteria to produce hydrogen, 

carbon dioxide, and most prominently acetic acid, although when the conversion is 

incomplete, the process can also result in the production of valeric acid, butyric acid 

and propionic acids (Demirbas, 2016). 
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The consortia of bacteria responsible for the products formed during acetogenesis 

include butyrate decomposers such as Sytrophomonas wolfei, propionate decomposers 

such as Syntrophobacter wolinii, and other acid producers such as Clostridium spp., 

Lactobacillus, Actinomyces and Peptococcus anerobus (Verma, 2002). They are said 

to have slow growth rates, function optimally within the acidic medium (typically at 

pH ranges of 4.0-6.5) and are easily affected by instability of the digestion process 

primarily due to fluctuating digester loading rates (Zhang et al., 2005).  Examples of 

acetogenesis reactions are shown by Equations 2.5 and 2.6.  

 

CH3CH2OH + H2O → CH3COOH + 2H2   Equation 2.5 

CH3CHOHCOOH + H2O → CH3COOH + CO2 + 2H2 Equation 2.6 

 

2.2.4. Methanogenesis 

Methanogenesis is the final stage of the AD process where methanogenic bacteria 

convert the hydrogen and acetic acid which have been accumulated in the digester to 

methane and carbon dioxide along with some trace compounds (impurities) mainly 

comprising of hydrogen sulphide, oxygen, nitrogen, and hydrogen. This mixture of 

gases is termed biogas.  

 

According to (Abbasi et al., 2012a, 2012b) methanogens convert these substrates to 

methane through three biochemical pathways; the acetotrophic pathway, the 

hydrogenotrophic pathway and the methylotrophic pathway as presented by Equations 

2.7, 2.8 and 2.9 respectively. 

 

4CH3COOH → 4CO2 + 4CH4   Equation 2.7 

CO2 + 4H2 → CH4 + 2H2O    Equation 2.8 

4CH3OH + 6H2 → 3CH4 + 2H2O   Equation 2.9 

 

Although methanol is used in Equation 2.9 to illustrate the methylotrophic pathway, 

other methylated substrates are also applicable. Theoretical methane yield 

computations are usually made adopting the acetotrophic pathway because it is the 

primary equation associated with biomethanation. According to this equation, the 

methane to carbon dioxide ratios in biogas volume should be the same (50-50). 
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However, this is usually not the case in practice as acetogenesis leads to production of 

hydrogen among other products, and only one mole of carbon dioxide is transformed 

to methane for every four moles of hydrogen consumed by hydrogenotrophic 

methanogens in accordance with the hydrogenotrophic pathway equation. 

 

Thus, substrates such as proteins and fats that yield higher amounts of hydrogen will 

produce biogas with higher methane contents than carbon dioxide; the more reason why 

the methane to carbon dioxide ratios in biogas differ from one substrate to another – 

typically ranging from 55-70% by volume (Cecchi et al., 2003).   

 

2.3. Parameters affecting Anaerobic Digestion 

The efficiency of an anaerobic digestion system depends largely on the microbiological 

consortia engaged in the system and their rate of growth and metabolism (Fricke et al., 

2007). As such, operating parameters and process conditions that influence the biology 

and activity of these microorganisms are of great importance and constitute an integral 

part of the optimisation procedures of the digestion process. Out of the several of such 

parameters and process condition that can be outlined, some critical ones are herein 

discussed. 

 

2.3.1. Temperature 

One of the critical parameters that influence the performance and stability of anaerobic 

digestion is temperature. Whereas anaerobic digestion is reported to occur in all modes 

of temperature, although the mesophilic mode (25 – 40°C) is found to be the most 

economic as it is associated with suitable operating performance, process stability, less 

sensitivity to inhibitions and pathogen inactivation (Neshat et al., 2017).   

 

The species of microbes involved in anaerobic digestion, typically the methanogenic 

bacteria, have been grouped into three according to the temperatures in which they 

function optimally.  These microbial groups are termed psychrophiles, mesophiles and 

thermophiles with their optimal range of temperatures being <10°C, 20 – 40°C and 50 

– 65°C respectively (Demirbas, 2016). Due to the sensitivity of these micro-organisms 

and the complexity of controlling the operational conditions to maintain optimal 

temperatures during digestion, it is reported that the mesophilic mode (with a typically 
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suitable temperature of 35°C) is usually adopted for large scale digestion while the 

thermophilic and psychrophilic ranges are less adopted due to their associated higher 

energy requirements and prolonged effective digestion periods respectively, even 

though thermophilic digestion is known to be the most effective resulting in lower 

digestion duration (Jain et al., 2015). 

 

Although it was showed in the work of Sanchez et al. (2005) that anaerobic digestion 

conducted under ambient temperature is more easily upset compared with that under 

the mesophilic temperature mode, most household and small scale anaerobic digestion 

units are still operated at the prevailing climatic conditions in tropical regions. Digester 

insulation and strategic positioning of digesters (such as underground installations) are 

useful in maintaining a fairly stable temperature in the system especially when 

installations are done at ambient conditions where temperature variations between day 

and night and over different seasons do impact on the digestion process (Buysman, 

2009).  

 

2.3.2. pH  

Many studies have shown a rather quite narrow pH range of 6.5 – 8.5 for effective 

anaerobic digestion/biogas production with the optimum being 7.0 – 8.0 and inhibition 

problems encounterable at pH values below 6.0 and above 8.5 (Weiland, 2010). Due to 

formation of organic acids, the initial stages of the digestion process, hydrolysis and 

acidogenesis, result in a decrease in pH of the influent to lower pH ranges, howbeit, the 

pH range of 5.5 – 6.5 is reported Viéitez and Ghosh (1999), Kim et al. (2003) and 

Parawira et al. (2008) to be typically favourable for the consortia of bacteria in these 

initial phases of the digestion process.  While accumulation of VFA in the digester can 

result in low pH values leading to inhibition problems, this is not always the case due 

to higher buffering capacity of some substrates. Alkalinity levels of about 3.0g/L in the 

digester are typically useful in buffering against detrimental acid formation (Vögeli, 

2014). Also, accumulation of ammonia in the digester resulting from the breakdown of 

proteins and other nitrogenous molecules as the biodegradation proceeds lead to a rise 

in the pH until a stable pH range of 7.2 – 8.2 where methanogens operate optimally. 

Too much rise in pH (above 8.5) due to ammonia concentration also leads to ammonia 

inhibition hence, a good balance must be struck between the VFA and ammonia 
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accumulation during anaerobic digestion and a controlled dosage of lime, sodium 

hydroxide or sodium bicarbonate is sometimes employed (Khalid et al., 2011). 

 

2.3.3. Organic loading rate 

For anaerobic digesters being operated especially in the continuous mode, one very 

important process control parameter is the organic loading rate (OLR) because 

overloading of the digester easily leads to failure of the system due to congestion, 

accumulation of volatile fatty acids and subsequent drop in pH of the digester content 

below the optimum range of methanogenic bacteria (Vögeli, 2014). Reduced feeding 

of the system and adequate mixing are two technical approaches for reestablishing 

process stability when accidental overloading occurs. While reduced loading helps to 

decongest the reactor, mixing on the other hand limits the formation of temperature 

gradients, substrate segregation, and scum formation within the reactor. Three 

classifications of anaerobic digestion systems were named based on the OLR – low 

solid systems with total solids content less than 10%, medium solid systems with total 

solids content about 15-20%, and high solid systems having total solids content ranging 

from 22-40% (Verma, 2002). 

 

2.3.4. Retention time 

‘Solids’ retention time (SRT) is the duration for which active micro-organisms 

(biomass/solids) reside in a reactor. Retention times differ from one type of anaerobic 

digestion system to another and is closely tied to the organic loading rate and the 

temperature regime under which the digester is being operated. While higher retention 

times are required for digesters operating at psychrophilic range, relatively lower 

retention times are observed for those operating within the thermophilic range. 

According to Verma (2002), a retention time of 10-40 days is typical for anaerobic 

digestion at the mesophilic range. 

 

2.3.5. Inhibitors  

Inhibitors refer to various aspects of the anaerobic digestion setup that adversely affect 

the biodegradation process. It is usually applied regarding elevated concentration of 

compounds which become toxic to the consortia of bacteria engaged at any stage of the 

digestion process and thereby inhibiting methane production. Inhibitory substances 
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encountered in anaerobic digestion systems include free ammonia, hydrogen sulphide, 

organic acids, heavy metals, oxygen, antibiotics, disinfectants, insecticides, herbicides, 

and tannins (Steinhauser, 2011). Since the metabolism and physiology of the groups of 

microbes involved in anaerobic digestion are different, it is of great importance to 

always maintain a good balance among them by substrate composition modifications 

via addition of co-substrates and by process control techniques to limit the 

concentrations of these inhibitory substances to levels that will not lead to failure of the 

digestion process (Chen et al., 2008). 

 

2.4. Outputs of the Anaerobic Digestion Process 

2.4.1. Biogas/biomethane 

Biogas is one of the end products of anaerobic degradation of organic waste (usually 

converted from about 30% to 60% of the solids in the feedstock), with the other product 

being a more stabilised sludge (the digestate). Whereas biogas is a generic term 

referring to the gas or mixture of gases produced in any biowaste decomposition process 

whether under aerobic or anaerobic conditions, the terminology is widely employed to 

solely connote the flammable gas mixture of methane and carbon dioxide that is 

generated in the biodegradation process under anaerobic conditions, with trace gas 

components being water vapor, hydrogen sulphide, siloxanes, hydrocarbons, ammonia, 

oxygen, carbon monoxide and nitrogen of different percentage compositions by volume 

depending on the type of substrate (Persson et al., 2006; Rasi et al., 2007; Sun et al., 

2015). Cecchi et al. (2003) provide the following as a typical composition of biogas 

from biowaste: methane (55-70% v/v), carbon dioxide (35-40% v/v), water vapor (2-

7% v/v at 20-40oC respectively), hydrogen sulphide (20-20000ppm; that is 2% v/v), 

oxygen (<2% v/v), nitrogen (<2% v/v), hydrogen (<1% v/v), and ammonia (<0.05% 

v/v). 

 

Depending on the characterisation of the substrate, methane yields are usually higher 

than the amount of carbon dioxide produced in oxygen free systems and vice versa if 

the decomposition occurs under aerobic conditions. Typical methane contents by 

volume of about 40% to 60%, 50%, and 70% are achievable for the anaerobic digestion 

of feedstocks of mixed wastes, pure cellulose, and fats and oils respectively. The 

variation in percentage composition of biogas is also affected by the type of bacteria 
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involved in the degradation process as well as the stage reached in the process. Whereas 

methane dominates (63% to 79% v/v) in the stationary phase of digestion (ending of 

the twentieth day), carbon dioxide yield is close to 100% in the initial three days, and 

equal proportions of both methane and carbon dioxide are produced at the eleventh day 

of the digestion process (Demirbas, 2016).  

 

Harnessing of biogas and its further treatment for direct or indirect beneficial uses is 

gaining popularity these days as opposed to common practices in time past. This is 

because biogas is found to possess good calorific value (especially if the digestion 

process is well monitored and optimized) with special ties to the relative proportions of 

its constituent gases present (Abbasi et al., 2012b). 

  

‘Biomethane’ is the resultant gas collected after biogas purification. According to 

Buffiere et al. (2006), the maximum possible volume of biomethane yield per unit mass 

of solid or volatile solid of a given substrate, is described by the biological methane 

potential (BMP) which is an indicative parameter of a biodigester performance. 

Research shows that biomethane can be substituted for natural gas regarding its uses as 

it consists distinctively of 95 – 97% CH4 and 1 – 3% CO2. It can be inferred from study 

that the biogas-to-biomethane transformation through cleaning and upgrading 

processes is thus necessary for the removal of undesirable trace constituents for end use 

applications and for the adjustment of the properties of the resultant gas to suit the 

Wobbe Index criteria (Petersson and Wellinger, 2009; Ryckebosch et al., 2011).  

 

In as much as literature gives a broad overview of which substrates have somewhat 

high biomethane potential and thus can be assumed as suitable feedstocks for biogas 

production, it is worth noting that assessing the biomethane potential of any given 

feedstock is a necessary step before considering the construction of anaerobic digestion 

plants which aim at producing high biomethane yields. This is because both the quality 

and quantity of the feedstock are affected by many factors (including but not limited to 

the quality of the source from which the material was obtained, and the general quality 

control measures applied at source) and these factors invariably affect the methane 

yield. Equations 2.10 and 2.11 provide means for calculating biomethane potential of a 

substrate. 
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Vmethane (mL) = Cmethane(Vbiogas + Vair)                             Equation 2.10 

 

BMP (
mL CH4

g VS feedstock
)  = 

Vmethane - VCH4,blank

 MVS fed into the biodigester

           Equation 2.11 

 

Where:  Vmethane = volume of methane produced, (mL) 

 Cmethane = concentration of methane in the biogas after dilution, (%) 

 Vbiogas = volume of biogas, (mL) 

 Vair = volume of air added to dilute biogas prior to analysis, (mL) 

 VCH4,blank = volume of methane produced in the blank, (mL) 

 𝑀𝑉𝑆 = mass of volatile solid waste fed into digester, (g) 

 

2.4.2. Effluent/digestate 

The effluent, also referred to as digestate in dry systems or after dewatering processes, 

herein refers to the slurry resulting from the anaerobic digestion process. It is usually 

characterised by higher moisture content as compared to the influent material due to 

the bio-conversion of the volatile solids from the influent during the digestion process. 

As such, digestates from anaerobic treatment systems are mostly dewatered prior to 

end-use such as agricultural land application. AD effluent/digestate is quite stable both 

biologically and physico-chemically due to reduction in BOD, COD, suspended solids 

and pathogens, although the extent of stability is largely dependent on a variety of 

process conditions and parameters (Rajeshwari et al., 2000).  

 

The reduction in the solids content which results in the higher moisture content can 

correlate with the reduction in COD – a key parameter commonly used for measuring 

the organic pollution load of the substrate. Hence, the magnitude of carbon reduction 

indicates the suitability of the effluent/digestate for other end-uses and it is dependent 

on the efficiency and period of the digestion process. Effluent COD concentrations 

above 200 mg/L are intolerable in receiving water bodies and leads to anoxic 

conditions. However, effluent COD contents from anaerobic digesters are usually 

above 1000 mg/L irrespective of the marginal COD reduction via the biodegradation 

process (Estoppey, 2010; Ulrich et al., 2009) and therefore there is usually the need for 
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post treatment to minimize pollution especially if the effluent is being discharged 

directly into a water course. 

 

Several researchers have also asserted that anaerobic digestion is associated with the 

inactivation of viruses, parasites, fungi, weed seeds and pathogenic bacteria such as 

Escherichia coli, Salmonella and Listeria which are present in the feedstock, and 

depending on the treatment process conditions (for example pH, temperature, retention 

time), different decay rates and efficiencies are achievable. This stabilisation process is 

essential in making the use of digestate as fertiliser possible. Longer retention times 

and higher temperatures are known to produce better sanitisation effects as illustrated 

that a log removal of Salmonella species is achievable within 0.7 hours when treated at 

53oC (thermophilic mode) whereas it requires not less 57.6 hours to achieve the same 

percentage removal when treated at mesophilic temperature of 35oC (Bendixen, 1999, 

Sahlstrom, 2003, Strauch and Philipp, 2000 as cited by Weiland, 2010). 

 

Vögeli (2014) maintained the assertion that temperature and hydraulic retention time 

are key parameters that affect the sanitisation of anaerobic digester effluents but 

stressed that inactivation of viruses, bacteria, and parasites cannot be assured by 

anaerobic digestion processes, and that about two weeks digestion period is needed 

even for digesters operating under thermophilic conditions before a sufficient level of 

microbial disinfection can be achieved. While settleable pathogens including helminth 

eggs and protozoa remain with the bottoms and usually retained within the digester, the 

non-settleable ones actively remain in suspension. As a safety precaution therefore, 

direct discharge or reuse of effluent/digestate from faecal sludge digestion systems is 

not recommended unless after post-treatment method(s) have been applied to guarantee 

the effluent quality for reuse/discharge purposes. 

 

2.4.3. Nutrients 

Essential to plant growth are nutrients such as nitrogen, phosphorus, and potassium, all 

of which are present in faecal sludge. The extent to which soils are enriched however 

depends on the relative proportions of these nutrients in the soil conditioner/digestate 

being applied which also is affected by the anaerobic digestion process.  According to 

(Vögeli, 2014), the effluent from anaerobic digestion systems is potent in terms of its 
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chemical properties to be used as a fertiliser. This is because along the anaerobic 

digestion process, the C:N ratio is reduced to approximately 15:1 due to bioconversion 

of the carbons to biogas, and digestates with this reduced C:N ratios exhibit better 

phyto-physiological effects hence improving crop growth when they are used as 

fertiliser. Anaerobic digestion processes are associated with approximately 30-50% 

COD reduction and a rather low phosphorus and nitrogen removal (Wang et al., 2010). 

Similarly, the plant available potassium in the substrate is mostly not affected by the 

anaerobic digestion process and it remains dissolved in the digestate (Möller and 

Müller, 2012). Although the nitrogen content in the digestate/effluent varies with the 

type of substrate being fed into the digester and the retention time, it is said to contain 

approximately equal parts of ammonium nitrogen and organic nitrogen (Tambone et 

al., 2010). To prevent eutrophic conditions in open water bodies, it is not recommended 

to discharge these effluents directly into surface waters without any post treatment.  
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CHAPTER 3 : MATERIALS AND METHODS 

3.1. The Study Area 

Kumasi is the largest and the capital city of the most populous region in Ghana. It had 

a total of 1.17 million populace registered in the year 2000 according to Moller-Jensen 

and Knudsen (2008) while the 2010 population and housing census reported the 

population to be 2.04 million with an annual intercensal population growth rate of 2.5.  

By the geometric projection method, the population of Kumasi is currently about 2.4 

million people. Kumasi is the only Metropolitan Assembly in the Ashanti region of 

Ghana and it comprises of nine districts: Kwadaso, Nhyiaeso, Subin, Asokwa, 

Oforikrom, Manhyia, Old Tafo, Suame and Bantama. It is located towards the southern 

part of Ghana with geographic coordinates 6o41’N 1o37’W and 270m elevation above 

sea level.  

 

 
Figure 3-1 Map of Kumasi with the sub-metros 

 

Table 3-1 summarises the households in the Kumasi metropolis by the type of toilet 

facilities being used in comparison with those of the Ashanti region and Ghana at large.  
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Table 3-1 Occupied dwelling units and toilet facilities being used 

Item  

Ghana Ashanti region Kumasi Metropolis 

Number % Number % Number % 

Dwelling units 5,467,054 100.0 1,126,205 100.0 440,283 100.0 

Water closet 839,611 15.4 261,106 23.2 186,989 42.5 

Pit latrine 1,040,883 19.0 200,798 17.8 49,010 11.1 

KVIP 572,824 10.5 98,434 8.7 31,526 7.2 

Bucket/Pan 40,678 0.7 3,082 0.3 1,064 0.2 

Public toilet 1,893,291 34.6 487,596 43.3 159,520 36.2 

Other 23,385 0.4 3,867 0.3 1,753 0.4 

No facility 1,056,382 19.3 71,322 6.3 10,421 2.4 

(Source: Ghana Statistical Service, 2010 Population and Housing Census) 

 

Four waste stabilisation pond facilities are dotted around the metropolis, one solely for 

the treatment of faecal sludge and landfill leachate while the other three are for the 

treatment of sewage. The faecal sludge treatment facility, which is the largest of the 

four, is located at Dompoase and was commissioned in 2004. It consists of nine waste 

stabilisation ponds (comprising of six anaerobic ponds, one facultative pond and two 

maturation ponds) and receives inflows from across the city. This is made possible 

through the services of cesspit emptiers which collect the faecal sludge from household 

and public containments across the city and transport it to the treatment site. Linked 

with local growing populations come the challenges of water and sanitation service 

provision especially in most developing countries (Munamati et al., 2016), and such 

was the case of Kumasi. The loading rate of the treatment plant increased over time to 

accommodate the additional quantities of sludge hauled from new settlements which 

sprouted on the outskirts of the city. This together with management’s inability 

(financial and operational) to frequently dredge the anaerobic ponds led to congestion 

and pond overflows; the treatment facility therefore became redundant since 2014 due 

to these operational/financial challenges and is currently under renovation. 

 

3.2. Materials/Equipment 

Table 3.2 summarises the materials and equipment that were required to carry out the 

anaerobic digestion. 
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Table 3-2 Materials and equipment used 

Material/Equipment Purpose 

Plastic bottles with caps (1 L capacity) For sampling 

Glass bottles with screw caps (1 L capacity) For digestion 

Butyl rubber stoppers To avoid gas escape 

Gas hose with valves  For gas channeling and gas flow regulation 

Gas composition analyser (Geotech Biogas 5000) To measure the composition of gas produced 

Analytical balance To weigh samples 

Evaporating dish  For handling solid samples 

Drying oven  For drying sludge samples 

Muffle furnace For sample ignition 

Desiccator  For cooling samples 

Permanent marker For labelling  

Bottle sticker label For labelling bottles 

Retort stand and clamp For clamping  

Funnel To control digester feeding 

Rubber gloves  Personal safety measures 

Laboratory gloves  Personal safety measures 

Odour mask  Personal safety measures 

Wellington boots  Personal safety measures 

Temperature datalogger To measure and record temperature 

Beaker (5 L) To hold water during water displacement 

Graduated cylinder (1000 mL) To measure gas volume (displacement) 

 

3.3. Methodology 

3.3.1. Approach for data collection 

To get acquainted with general sanitation and faecal sludge management practices in 

the study area, a vivid desk study and key informant interviews were conducted. These 

informants included the Director of the Waste Management and Environmental Health 

Department of the Kumasi Metropolitan Assembly, the Manager of the Dompoase 

Landfill, selected vacuum truck operators and the owners/managers of selected toilet 

facilities.  
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Based on the review of available haulage data from the Kumasi Metropolitan Assembly 

and information gathered from key informants, the faecal sludge was broadly 

categorised into three age groups according to primary containment emptying 

frequencies and the presumed strength of the sludge. Thus, the age of faecal 

sludge/septage requiring treatment was estimated based of the average desludging 

frequencies of the various toilet facilities in the Metropolis.  

 

Questionnaires, (sample shown in the appendix), were administered to obtain data 

mainly on the type of toilet facilities being used, their desludging frequencies. To select 

the sample size for questionnaire administration, the average annual volume of faecal 

sludge collected and transported for treatment at the faecal sludge treatment site (FSTS) 

(indicated by the documented number of trips made by vacuum trucks to the FSTS) was 

used as the population from which the sample size was calculated rather than the total 

number of toilet facilities in the Metropolis. This was the case because the study focused 

primarily on quantifying the faecal sludge based on the collection approach rather than 

from the generation viewpoint. Besides, data was not available for the number of toilet 

facilities in the Metropolis from which sludges are collected and hauled to the FSTS 

and it was going to be very difficult, if not at all impossible to generate such data within 

the time limits of the study. The possibility of some toilet facilities (especially the public 

toilets) being emptied more than once a year and hence defying this approach was 

combatted by the assumption that the number of such facilities becomes negligible 

when compared with the vast number of toilet facilities that are emptied at much longer 

frequencies (annually and even longer).  

 

The sample size to be used was computed using the Slovin’s formula (Equation 3.1). 

 

S = 
N

1 + N(α2)
                           Equation 3.1 

 

Where:  N = number of trips = 17,121 (annual average from 2011-2017) 

  α = margin of error = 0.05  

Therefore; the sample size, S = 390.87 ≈ 391 
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The sample size was then distributed to reflect the proportions of public toilets, 

household pit latrines and household water closets to be selected for questionnaire 

administration in the nine Districts of the Assembly. The matrix in Table 3-3 was 

developed accordingly in conjunction with data collected from Ghana Statistical 

Services and the Kumasi Metropolitan Assembly: 

 

Table 3-3 Matrix for questionnaire administration  

District Public toilet Household water closet  Household pit latrine Total 

Asokwa 16 11 4 31 

Bantama 19 12 4 34 

Kwadaso 17 12 4 33 

Manhyia 38 14 5 56 

Nhyiaeso 17 14 5 35 

Oforikrom 26 15 5 46 

Suame 22 21 7 51 

Subin 19 22 7 49 

Tafo 22 26 9 57 

Total  195 147 49 391 
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Figure 3-2 Map of Kumasi showing research activity sites 

 

3.3.2. Sampling of faecal sludge 

Composite faecal sludge samples of each of the three designated age categories were 

taken at the faecal sludge treatment site at Dompoase from the vacuum trucks which 

were bringing in the waste matter from across the study area. A fourth composite 

sample (the combined sludge sample) was then formed from the three age-categorised 

samples according to the relative proportions of each group of sludge hauled to the 

treatment site during the sampling period. This was done to obtain a representative 

sludge mixture that reflected the combined faecal material being treated at the treatment 

site. For the period of one month (December) during which samples were collected on 

ten different days to establish the general characteristics of the sludges, the mixing 

ratios for the combined sludge sample were varied depending on the inflows (haulage) 

on each sapling day and the average mixing ratio over the month was fixed for the 

second phase of the research work where faecal sludge samples were collected for the 

laboratory scale anaerobic digestion. Thus, four distinct faecal sludge samples were 

obtained from the faecal sludge treatment site on each sampling day and were brought 
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to the laboratory at the Kwame Nkrumah University of Science and Technology for 

analysis.  

 

Analysis of the selected physicochemical and biological parameters (pH, total solids 

(TS), volatile solid (VS), chemical oxygen demand (COD), total Kjeldahl nitrogen 

(TKN), total phosphorus (TP), and helminth eggs) for the samples as well as for the 

degassed cow dung (which was used as inoculum during the second phase of the work) 

were then carried based on standard protocols (American Public Health Association et 

al., 1915; Federation Water Environmental, 2005) to assess the characteristics of each 

sludge, their suitability as AD feedstocks and to predict potential inhibition problems 

during the digestion. To minimise changing the physicochemical properties and 

consequently alteration of the samples’ biodegradability, both inoculum and faecal 

sludge samples were used as fresh as possible.  

 

Table 3-4 Matrix for physicochemical and microbiological analysis 

  Parameters 

Sample ID Temperature pH TS MC VS AC COD TP TKN HE 

  Phase 1 (General characterization of faecal sludge) 

P √ √ √ √ √ √ √ √ √ - 

HP √ √ √ √ √ √ √ √ √ - 

HWC √ √ √ √ √ √ √ √ √ - 

C1 √ √ √ √ √ √ √ √ √ - 

  Phase 2 (Characterization of anaerobic digestion feedstocks) 

I √ √ √ √ √ √ √ √ √ √ 

P √ √ √ √ √ √ √ √ √ √ 

HP √ √ √ √ √ √ √ √ √ √ 

HWC √ √ √ √ √ √ √ √ √ √ 

C2 √ √ √ √ √ √ √ √ √ √ 

I-P √ √ √ √ √ √ √ √ √ √ 

I-HP √ √ √ √ √ √ √ √ √ √ 

I-HWC √ √ √ √ √ √ √ √ √ √ 

I-C2 √ √ √ √ √ √ √ √ √ √ 
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Key: 

P  – public toilet 

HP  – household pit latrine  

HWC – household water closet 

C  – Combined sludge 

1  – combining ratio varied based on the inflows to the FSTS during the sampling 

period 

2  – combining ratio fixed based on the average recorded ratio from Phase 1 

I  – Inoculum (degassed cow dung) 

I-P – Inoculated public toilet sample 

I-HP – Inoculated household pit latrine sample 

I-HWC– Inoculated household water closet sample 

I-C – Inoculated Combined sludge sample 

AC  – Ash content/fixed solids 

HE  – helminth eggs 

VS  – total volatile solids 

MC  – moisture content 

 

3.3.3. Determination of solids and moisture content 

Volatile solids are a general representation of the amount of organic matter in the 

sample. They are the solids that are lost on ignition of the dry sample of total suspended 

solids at temperatures between 500 – 600oC. As such, volatile solids are the proportion 

of the solid sample that are easily convertible from the solid to the gaseous phase 

without going through the liquid phase (Telliard, 2001).  

 

The muffle furnace was preheated till a constant temperature of 550oC was reached and 

the cleaned ceramic crucibles to be used were ignited in the furnace for 1hr. The dried 

crucibles were then removed from the furnace using tongs and cooled to room 

temperature in the desiccator. Prior to analysis of the samples, the dishes were removed 

from the desiccator one after the other and were weighed to the nearest 4-decimal place 

using the analytical balance. 50 mL of homogenised samples each was measured into 

the labelled dishes accordingly and the crucible together with its content (sample) was 

weighed to determine the wet weight. The oven was preheated to a stable temperature 
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of 105oC and the weighed dishes with their respective contents were then dried in the 

oven for 12hr after which they were retrieved with the tongs into the desiccator for 

cooling. The dried crucibles with content were then weighed one after the other and the 

dry weight (Wi) recorded. The drying process was repeated at 1hr heating intervals until 

the difference between weights Wi and Wi+1 was not any more than 0.3mg and this 

constant reading was recorded as the dry weight. The percent total solids and moisture 

content were then calculated as shown in Equations 3.2 and 3.3 and taking the mean 

values of replicate samples.  

 

% Total solids = 
B - C

A - C
 × 100                                   Equation 3.2 

% Moisture content = 
A - B

A - C
 × 100                          Equation 3.3 

 

Where:  A = wet weight (sample plus crucible before drying), (mg) 

  B = dry weight (residue plus crucible after drying), (mg) 

  C = weight of crucible only, (mg) 

 

The muffle furnace was again preheated to a constant temperature of 550oC and the 

oven-dried crucibles with respective contents were placed in the furnace using for a 2-

hr ignition after which they were allowed in the furnace to cool to approximately 110oC 

and then retrieved using the tongs into the desiccator to cool to room temperature. The 

ash weight of the baked samples was then determined using the analytical balance and 

recorded as Wai and the baking process was repeated at 30min ignition intervals until 

the difference between weights Wai and Wai+1 was not any more than 0.3mg. The 

stabilised reading was recorded as the ash weight for each sample and the percent 

volatile solids and fixed solids were then calculated as shown in equations 3.4 and 3.5 

and taking the mean values of replicate samples. 

 

Volatile solids (as % of total solids) = 
B - D

B - C
 × 100            Equation 3.4 

Fixed solids (as % of total solids) = 
D - C

B - C
 × 100                 Equation 3.5 
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Where:  B = dry weight (residue plus crucible after drying), (mg) 

  C = weight of crucible only, (mg) 

  D = ash weight (ash plus crucible after ignition), (mg) 

 

3.3.4. Determination of chemical oxygen demand 

The DRB200 COD reactor was powered and preheated to 150oC. 2mL of the 

homogenised sample was then pipetted into the HR COD digestion reagent vial and 

2mL of deionised water was also pipetted into a second vial as blank. The vials were 

tightly closed, cleaned, and gently inverted several times to mix their contents. They 

were then put into the preheated reactor and heated for 2 hours. The reactor was turned 

off when the 2-hours digestion time elapsed, but the vials were kept in the reactor for 

approximately the next 20 minutes to cool to about 120oC or lower, during when the 

vials were inverted several times. They were then removed from the reactor into a tube 

rack to completely cool to room temperature. 

 

The DR 3900 Hach spectrophotometer was powered and the program for COD HR was 

selected. The blank vial was cleaned, inserted into the cell holder and the instrument 

was zeroed. Then the sample cell was also cleaned, inserted into the cell and the COD 

content in the sample was read. 

 

3.3.5. Determination of total phosphorus  

The method adopted for the total phosphorus determination comprised of the acid 

persulfate digestion method followed by the PhosVer 3 (ascorbic acid) method. 

 

25mL of the homogenised sample was measured into the Erlenmeyer flask using a 

graduated cylinder and the content of one potassium persulfate powder pillow was 

added. The flask was then swirled to mix its content after which 2mL of 5.25N H2SO4 

was added. The prepared sample was then gently boiled for 30 minutes during which 

time deionised water was added to the concentrate in the Erlenmeyer flask to maintain 

the sample volume near 20mL. The sample was taken off the hot plate after the 30 

minutes has elapsed, cooled to room temperature and 2mL of 5N NaOH was added. 

The content of the flask was again swirled to mix, poured into the 25mL graduated 
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cylinder and the volume was adjusted to the 25mL mark by adding the flask-rinsed 

deionised water. 

 

A sample cell was then filled with 10mL of the digested sample and the content of one 

PhosVer 3 phosphate reagent powder pillow was added and was shaken for about 30 

seconds to mix – the development of a blue colouration indicated the presence of 

phosphorus in the sample. A 10-minutes reaction time was started, during when the 

second cell was filled with 10mL of the sample as the blank. The blank cell was cleaned 

and inserted into the cell holder of the DR 3900 Hach spectrophotometer to zero the 

instrument upon expiration of the 10-minutes reaction time. The sample cell was then 

cleaned, inserted into the cell holder and the total phosphorus content in the sample was 

read. 

 

3.3.6. Determination of total Kjeldahl nitrogen 

The Kjeldahl method was used and it comprised of digestion, distillation, and titration. 

10mL of the sample was weighed into a 500mL long-necked Kjeldahl flask and 1 

spatula full of Kjeldahl catalyst (mixture of 1part Selenium + 10 parts CuSO4 + 100 

parts Na2SO4) was added. 20mL conc. H2SO4 was then added and digested until clear 

and colourless.  The flask was allowed to cool after which the fluid was decanted into 

a 50ml volumetric flask and topped up to the mark with distilled water. 

 

A 10mL aliquot was pipetted into the Kjeldahl distillation apparatus and 90mL of 

distilled water was added followed by 20mL of 40% NaOH. The distillate was then 

collected over 10mL of 4% Boric acid and 3 drops of mixed indicator were added in a 

200mL conical flask (the presence of nitrogen gives a light blue colouration). 

 

100mL of the collected distillate was then titrated with 0.1N HCl till the blue colour 

changed to grey and then suddenly flashed to pink. 

 

TKN (mg/L) = 
(V - B) × N × R × 14.01 × 1000

Volume of sample
                            Equation 3.6 

 

Where:  N = normality of HCl = 0.1N 

  V = volume of HCl titrated against the sample 
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B = volume of HCl titrated against the blank 

  R= ratio between total volume digested and aliquot used 

 

3.3.7. Method for identification of helminth eggs 

Helminths eggs were enumerated using a combination of the flotation and 

sedimentation method (Gaspard et al., 1996). Samples of slurry were diluted into a 2L 

container and allowed to stand overnight to enable the eggs to settle completely. As 

much of the supernatant as possible was sucked and the sediment transferred into eight 

50ml centrifuge tubes. The 2L containers were rinsed two to three times with sterile 

water and the rinses were distributed into the centrifuge tubes. The tubes containing the 

sediments were then centrifuged at 1500 rpm for 3 min. The supernatant was gently 

poured away, and the deposit was re-suspended in about 150ml ZnSO4 solution 

(specific gravity = 1.3) to cause the helminths eggs to float leaving other sediments at 

the bottom of the centrifuge tube.  

 

The mixture was homogenized with a sterile spatula and centrifuged again at 1500 rpm 

for 3 min. The ZnSO4 supernatant (containing the eggs) was poured back into the 2L 

container and diluted with 1L of distilled water, this was to disrupt the specific gravity 

created by the ZnSO4. This was also allowed to stand for at least 3 hours for the eggs 

to settle again. As much supernatant as possible was sucked and the deposit was then 

transferred into 50ml centrifuge tubes. The 2L container was rinsed two to three times 

with sterile water and the rinsed water added to the centrifuge tubes and centrifuged at 

1500 rpm for 3 min. The deposits were regrouped into one centrifuge tube and 

centrifuged at 1500 rpm for 3 min again. The deposit was re-suspended in 15 ml acid ⁄ 

alcohol buffer solution (5.16ml 0.1N H2SO4 in 350ml ethanol) and about 5ml ethyl 

acetate was added. The mixture was shaken, and the centrifuge tube occasionally 

opened to let out gas before centrifuging at 2200 rpm for 3 min. After the centrifugation, 

a diphasic solution (aqueous and lipophilic phase representing the acid ⁄ alcohol and 

ethyl acetate, respectively) was formed. With a micropipette, as much of the supernatant 

as possible (starting from the lipophilic and then the aqueous phase) was sucked out 

leaving approximately 1ml of deposit which was examined under the microscope. The 

helminths eggs were identified based on their shape and size and compared with the 

bench aids for the Diagnosis of Intestinal Parasites (World Health Organization, 1994). 



36 

 

The counting was done under a light microscope in both chambers of a haemocytometer 

at X40 magnification (Maya et al., 2006).  

 

3.3.8. Experimental set-up and procedure for the anaerobic digestion 

Table 3-5 Matrix for anaerobic digestion formulations  

  Reactor labels (values in % by reactor volume) 

  I P HP HWC C2 I-P I-HP I-HWC I-C2 

I 75 -  -  -  -  50 50 50 50 

P -  75 -  -  -  25 - -  -  

HP -  -  75 -  -  -  25 -  -  

HWC -  -  -  75 -  -  -  25 -  

C2 -  -  -  - 75 -  -  - 25 

Headspace 25 25 25 25 25 25 25 25 25 

Total 100 100 100 100 100 100 100 100 100 

 

Key:  

I  – Inoculum (degassed cow dung) 

P  – public toilet 

HP  – household pit latrine  

HWC – household water closet 

C  – Combined sludge 

2  – combining ratio of P:HP:HWC of 4:1:3  

I-P – Inoculated public toilet sample 

I-HP – Inoculated household pit latrine sample 

I-HWC– Inoculated household water closet sample 

I-C – Inoculated Combined sludge sample 

 

The digesters were acid washed, rinsed with distilled water, dried, and flushed with a 

nitrogen-carbon dioxide (60%, 40% v/v) mixture to ensure a stable carbonate balance, 

and were arranged on the incubator rack/bench. The digesters were inoculated with a 

30-days pre-incubated cow dung to obtain a highly diversified load of anaerobes for 

easy start-up of the substrate digestion process. Degassing of the cow dung was 

necessary to ensure that the inoculum had low endogenous methane production. With 
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the aid of the funnel, the labelled digesters were gently fed respectively with the 

characterised formulations. The digesters were then tightly closed with the gastight 

screwcaps through which the flexible gas tubes extended from the digester headspace 

into the gas bags for temporal storage prior to the gas analysis. With the aid of the two 

flow control valves on each of the connecting tubes, biogas flow regulation was made 

possible. The reactors were then placed in the incubator and the incubator was closed 

to start the regulated digestion process.  

 

In like manner, a second setup was staged in the dark room at room temperature where 

a temperature datalogger was staged to monitor the ambient temperatures on hourly 

basis. To monitor the rate of gas production, the gas bags were periodically detached 

(on weekly basis) and were connected to the gas composition analyser (Geotech-biogas 

5000) to measure the content of the accumulated biogas. The gas outlet of the analyser 

was passed into an inverted graduated cylinder in a beaker containing water to measure 

the volume of biogas produced using the displacement technique. For this technique, 

the inverted measuring cylinder was held in position in a beaker of water with the aid 

of the clamp. The gas was then carefully bubbled into the inverted cylinder, by which 

process the gas displaces its volume by pushing the water out of the inverted cylinder. 

The difference in water level was then read off the graduated cylinder as the volume of 

gas produced.  

 

Each digesters’ content was then emptied upon completion of the digestion process 

(when BMP1% is established) and the digestate was analysed for the same 

physicochemical and biological parameters as was performed for the influent (Holliger 

et al., 2016). 

 

A completely mixed batch reactor (CMBR) system was adopted. This was because 

CMBRs are simple but ideal systems which offer a constant environment (temperature) 

and their contents are also easily homogenised. Process conditions in CMBRs are easy 

to control and they usually require a smaller footprint. The anaerobic digestion was 

performed both at mesophilic temperature (37oC) following the protocol according to 

Holliger et al. (2016) and at ambient temperatures to compare the process performance 

at the prevailing local temperature. The mesophilic digestion was carried out in an 

incubator to maintain this stable system temperature for optimum digestion while the 
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digestion at ambient temperature was performed in a dark room to avoid likely algae 

development within the digesters. To ensure that the tests were affected by the same 

variables, all the samples were tested under the same operational conditions for a given 

batch. Thus, a total of 44 samples were digested for a batch, a set of 22 under mesophilic 

temperature and the second set of 22 under ambient temperatures. These included 

duplicates for each of the four faecal sludge samples as well as the inoculum, and 

triplicates each for the inoculum-faecal sludge formulations using an inoculum to 

substrate ratio (ISR) of 2 (Angelidaki et al., 2009).  

 

Figure 3-3 and plates 3-1 to 3-3 show the concept and setups of the experiment 

respectively. 

 

 
Figure 3-3 Conceptual procedure for the experiment 
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Plate 3-1 Schematic diagram of experimental setup at 37oC 

 

 
Plate 3-2 Schematic diagram of experimental setup at ambient temperature 

 

 
Plate 3-3 Biogas analysis 
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CHAPTER 4 : RESULTS AND DISCUSSION 

4.1. Characterisation and Quantification of Faecal Sludge 

4.1.1. Toilet facilities being used  

The various types and proportions of toilet facilities being used in the Metropolis was 

adopted from the 2010 population and housing census. Water closet (non-sewered), 

public toilet and pit latrine facilities dominated, contributing to 89.8% of the total 

number of facilities being used (Figure 4-1).  

 

 
Figure 4-1 Proportions of toilet facilities being used in the Kumasi Metropolis 

 

4.1.2. Categorisation of faecal sludge 

Three prominent types of faecal sludge were outlined depending on the source from 

which they originate. These were sludges from public toilet containments with age 

ranging from a few weeks to below one year, and then sludges from household pit 

latrines and from household water closets (non-sewered), both with typical age ranges 

from 1-5 years. Data gathered from the Kumasi Metropolitan Assembly (KMA) as well 

as interviews with the Waste Management Department (in charge of the faecal sludge 

treatment facility at Dompoase), vacuum truck operators and toilet facility 

owners/caretakers provided useful information which led to classifying the various 

toilet facilities under three main categories with respect to their emptying frequencies. 
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The emptying frequencies were then correlated with the strength of the sludges, which 

led to three broad groups: namely low-strength, medium-strength, and high-strength 

faecal sludge according to their COD contents (Figures 4-2, 4-3 and 4-4).  

 

 
Figure 4-2 Average age of faecal sludge from public toilet facilities 

 

The first category, high strength faecal sludge, were found to be those originating from 

public facilities (comprising of both water closet and VIP facilities). Due to high 

patronage of these facilities, the primary containments easily got full and therefore had 

the highest desludging frequencies. As many as 77% of the total public toilet facilities 

were desludged once in at most every three months. As such, stabilisation of the sludge 

in those primary storage facilities was very minimal.  

 

 
Figure 4-3 Average age of faecal sludge from household pit latrines 
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The medium strength sludges were sludges coming from household pit latrines. Here, 

emptying frequencies were found to be widely variable with 53% of the primary 

containments lasting at least 3 years before desludging. Based on this percentage, pit 

latrine sludge qualified to have been classified as having the lowest strength when 

compared with the sludge from household water closets (septage). This, however, was 

not necessarily the case as the average COD content for the pit latrine sludge was higher 

than for the household water closet sludge as shown by the faecal sludge 

characterisation results (Figure 4-11). Thus, the distinguishing features between the 

sludge strengths of household water closets and pit latrines were more associated with 

sludge dilution volumes than the frequency of desludging. 

 

 
Figure 4-4 Average age of faecal sludge from household water closets 

 

The low strength sludge was found to be septage from household water closet facilities, 

although only 32% of these sludges were found to have stayed in the primary 

containments for 3 years and over as compared to pit latrine sludge. The observation 

was ascribed to the high dilution ratios due to flushing, long retention times and higher 

sludge decomposition while within the septic tanks. These could be the reasons for 

septage having the lowest strength.  

 

4.1.3. Volume of faecal sludge being collected for treatment at the FSTS 

The study showed that vacuum trucks of different capacities are employed for the 

collection and transport of the septage/sludge to the treatment site. The KMA had 

grouped these trucks into three categories: small (5-7m3), medium (8-10m3) and large 

(>10 m3) depending on their bulb volumes but most of the trucks that were found to 
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still be in good operational condition had their bulb volumes between 8-10m3 (medium 

size). 

 

 
Figure 4-5 Monthly faecal sludge haulage 

 

Faecal sludge haulage data for the past seven years was obtained from the Waste 

Management Department of the Kumasi Metropolitan Assembly. Using an average of 

8 m3 bulb volume per trip, the haulage data was then processed. It came out that a total 

of 958,752 m3 of sludge was collected for treatment over the 7-years period. 

Accordingly, the approximate annual, monthly, and daily volumes of faecal sludge 

which required treatment in the Metropolis were found to be 136965 m3/y, 11414 

m3/month and 375 m3/d respectively. 
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Figure 4-6 Average annual volumes of faecal sludge transported for treatment 

 

The volume of sludge to be treated was on a gradual rise until after year 2014 (Figure 

4-6). While this progression could be tied to growth in population and hence the sludge 

generation rates, the observed decrease in sludge volumes for years 2015 and 2016 were 

associated with the failure of the waste stabilisation ponds in 2014 due to sludge 

accumulation and resultant overflow of the anaerobic ponds. Attempts by the Assembly 

in the year 2017 to manage the crisis at the treatment site on site and create opportunities 

for sludge disposal led to a positive response by vacuum truck drivers, hence the rise in 

septage/sludge volume recorded for year 2017 as against 2016. 

 

During the study period, it was found that the average volumes of the three designated 

ages of sludge received at the treatment site were in the ratio of 4:3:1 for public toilets, 

household water closets and household pit latrines respectively. Hence, the average 

daily quantities of sludge from these origins were calculated to approximate values of 

187.5 m3/d (public toilet), 140.6 m3/d (water closets) and 46.8 m3/d (pit latrines). 

 

4.1.4. Characteristics of the faecal sludge 

Figures 4-7, 4-8, 4-9, 4.10, and 4-11 respectively show the results of pH, VS, TP, TKN 

and COD which were analysed. Data for the pit latrines during the 3rd, 8th, 9th and 10th 

sampling periods were missing because there was no haulage for that sludge category 

to the faecal sludge treatment site (FSTS) during those days of sampling. 
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Figure 4-7 pH of public toilet, septage and pit latrine sludge 

 

The pH values showed very little variation among the samples which were taken on 

different days of the sampling period for the different classes of the sludge being 

analysed. The results obtained ranged between pH values of 7.00 – 8.00 which 

happened to fall within the optimal pH range for anaerobic digestion according to 

Weiland (2010) among several other researchers. The samples were thus suitable for 

anaerobic digestion and could be fed into the digester without any sample pre-treatment 

to modify the influent pH. However, pH control might be required during the digestion 

process to avoid possible inhibitory pH values. 

 

 
Figure 4-8 VS of public toilet, septage and pit latrine sludge 
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The volatile solids content obtained during the period were very stable around values 

ranging from 55 – 75 %TS (Figure 4-8). These were typical of established faecal sludge 

VS values of 50 – 73 %TS as reported by Koné and Strauss (2004).  

 

Unlike the pH and VS, the total phosphorus results obtained were highly varied during 

the sampling period and ranged from 15 – 45 mg/L as against literature values of 150 

– 450 mg/L (NWSC, 2008). These values were however within ranges that provided 

high COD:TP ratios which indicated the potential to achieve high biological 

phosphorus removal efficiency should anaerobic digestion be used. 

 

 
Figure 4-9 Total phosphorus of public toilet, septage and pit latrine sludge 

 

The study showed that the TKN and COD values were the most variable with the values 

ranging between 200 – 4500 mg/L and 2500 – 23000 mg/L respectively (Figures 4-10 

and 4-11).  While the COD values were within those established in literature (10000 – 

30000 mg/L) some of the TKN values were either below or above the range of 1000 – 

3400 mg/L which were found in literature (Heinss et al., 1998; Koné and Strauss, 2004; 

NWSC, 2008).  

 

In general, values from pit latrine sludge samples were the most variable whiles those 

from the combined sludge samples exhibited representative characteristics for the three 

categories of sludges analysed. The differences seen between the experimental results 

and those from literature might be due to the differences in factors such as lifestyle of 
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the people, diet, types of toilet facilities being used and the way they were used, income 

level, and primary containment desludging mechanisms (Vögeli, 2014). These 

behaviours and practices were not the same among populations of the societies from 

which these results were obtained, hence the observed different impacts on the faecal 

sludge characteristics. 

 

 
Figure 4-10 TKN of public toilet, septage and pit latrine sludge 

 

 

 
Figure 4-11 COD of public toilet, septage and pit latrine sludge 
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The mean values of the ten sludge samples which were collected and analysed over the one-month period were presented in Table 4-1. 

 

Table 4-1 Characteristics of the FS categories compared with literature values 

 
 

Public toilet Pit latrine Water closet Combined sludge Literature 

Parameter Unit Mean Standard 

deviation 

Mean Standard 

deviation 

Mean Standard 

deviation 

Mean Standard 

deviation 

 

Temp. oC 29.9 1.0 29.7 1.2 30.0 1.1 29.9 1.1 - 

pH - 7.7 0.2 7.8 0.1 7.7 0.2 7.7 0.1 6.55-9.34 

TS % 2.4 1.0 1.4 0.6 1.0 0.4 1.7 0.6 < 3 

MC % 97.6 1.0 98.6 0.6 99.0 0.4 98.3 0.6 > 97 

VS %TS 70.1 3.5 63.6 5.3 66.9 4.0 69.6 3.8 50-73 

AC %TS 29.8 3.5 36.3 5.2 33.1 4.1 30.4 3.8 27-50 

COD mg/L 14160 5291 12111 5967 7972 4251 12855 4559 10000-30000 

TP mg/L 32.2 3.6 25.9 7.5 25.3 6.1 30.0 5.1 150-450 

TKN mg/L 2355 1074 2163 1477 949 474 2063 941 1000-3400 

VS:TS - 0.7 - 0.6 - 0.7 - 0.7 - 0.50-0.73 

COD:TP - 451 - 491 - 310 - 441 - 8-52, 109 

COD:TKN - 7.4 - 9.2 - 10.8 - 7.2 - 1.2-7.8 

Source of literature values: Klingel et.al (2002), Heinss et al. (1999), USEPA (1994), Kengne et al. (2011), Kone and Strauss (2004), NWSC 

(2008), Katukiza et al. (2012). 
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The mean values of the samples were in conformance with those found in previous 

research works. The high standard deviations for COD and TKN obtained for all the 

different classes of sludge confirmed the wide variability of faecal sludge in terms of 

its organic and nitrogen contents (Strande and Brdjanovic, 2014). Despite the partial 

decomposition of sludge during primary storage, the still elevated levels of nutrients 

and organics in the sludges collected from the primary containments (Table 4-1) 

indicated that unless further treated, even the sludge from the household water closets, 

(herein classified as of low strength due to higher degradation and much longer 

retention period in the primary containment), could not be directly discharged into the 

environment or reused.  

 

The VS:TS, COD:TP and COD:TKN ratios were analysed to assess the suitability of 

the various sludges as substrate for anaerobic digestion. Except for the COD:TP ratios 

which were high enough (ranging from 310 to 491 as against the literature value of 109) 

and therefore indicated the availability of sufficient organic matter for significant 

biological removal of phosphorus, the values obtained for the VS:TS ratio (ranged from 

0.6-0.7) and COD:TKN ratio (ranged from 7.2-10.8) were outside the optimal ranges 

of 0.8-0.9 and 12-16 respectively which are said to be suitable ranges for the 

bioconversion of organics and biological denitrification in faecal sludge treatment 

(Henze et al., 2008). 

 

Figure 4-12 compared the effects of sludge dewaterability on the VS:TS ratio for the 

combined sludge to investigate whether settling time had any significant influence on 

the VS content of the sludge. 
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Figure 4-12 Effect of settling time of VS:TS ratio 

 

The findings discredited the attempt of enhancing the VS content by mere sludge 

thickening as only 0.01 improvement was achieved after 1hr settling period (Figure 4-

12). It could be therefore interpreted that water used in flushing (or added during 

desludging) contains no VS and rather only concentrates the fixed solids content 

especially in cases where septic tank supernatants are channeled to drains or soak away 

pits. Because of the focus of this study, no co-digested was performed to balance the 

constituents of the sludge in attempts to optimise the sludge as substrate for anaerobic 

digestion. 

 

ANOVA was used to assess the behaviours of the three categories of faecal sludge as 

well as the combined sludge using the COD concentrations (indicative of the sludge’s 

strength) as the variable of interest. The Fisher’s unprotected least significance 

difference (LSD) was then applied to compare and identify significant differences 

between the means for the sludge categories. 

 

Table 4-2 Analysis of variance for the different categories of faecal sludge 

Variate: COD 

Source of variation d.f. s.s. m.s. v.r. F pr. 

id 3   189401809.  63133936.  2.39  0.089 

Residual 29  767092813.  26451476.     

Total         32   956494621.  

 

0.68

0.69

0.70

0.71

0.72

0.00 0.50 1.00 1.50 2.00 2.50

V
S

:T
S

 r
at

io

Settling time, hr

VS:TS-time series Average curve



51 

 

The four sample IDs which were compared were: 1 (public toilet), 2 (household pit 

latrine), 3 (household water closet), and 4 (the combined sludge). 

 

Table 4-3 Fisher’s unprotected least significance difference test 

ID    Mean   

3 (household water closet)  7380  a 

2 (household pit latrine)  12106  ab 

4 (combined sludge)   12340  b 

1 (public toilet)     13345  b 

 

The output in Table 4-3 showed that household pit latrine sludge behaved similarly to 

sludges from both public toilet and household water closet origins. This could be due 

to layering effects in the sludge storage chambers of pit latrines. The upper layers of 

sludge in pit latrines are usually very fresh (implying a higher strength) while the 

bottom layers are comparatively more decomposed (hence lower strength) (Foxon and 

Buckley, 2008; Nwaneri et al., 2008) and therefore, depending on the average depths 

from which sludges were drawn especially in cases where the pits were not completely 

emptied, these sludges exhibited either higher or lower strength. However, the strengths 

of sludges from household septic tank and those from public toilet facilities were found 

to be significantly different. From these results, the strengths of the sludges were in 

decreasing order from public toilet sludge to combined sludge to household pit latrine 

sludge and then to household water closet sludge. 

 

4.2. Anaerobic Digestion of Faecal Sludge 

4.2.1. Substrate digestibility and specific biomethane yield 

Similar to the general faecal sludge characteristics provided in Table 4-1, the VS:TS 

properties of the substrates for the AD batch tests were not within the optimum ratios 

for biomethane production. No combining proportion of sludges from public toilets, 

household water closets and household pit latrines was good enough to step up the 

VS:TS property of the combined sludge, hence it was prudent to stick to the combining 

ratio of 4:3:1 (for sludges from public toilets, household water closets and household 

pit latrines respectively) which was identified during the 1-month general FS 

characterization.  This was necessary to obtain a combined sludge AD feedstock which 
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was representative of the sludge being treated at the Dompoase faecal sludge treatment 

site (FSTS). It must be emphasised again that optimisation of the feedstock 

characteristics via the addition of materials other than faecal sludge was not attempted 

because co-digestion was outside the scope of this study. Table 4-4 shows the properties 

of the substrates that were fed into the anaerobic digesters. 

 

Table 4-4 Substrate characteristics for the AD 

  Temperature pH VS:TS COD:TKN COD:TP 

ID oC - - - - 

I 32.2 7.6 0.68 11.73 983.12 

P 32.2 7.5 0.70 21.16 1414.31 

HP 32.1 7.9 0.70 15.39 1603.45 

HWC 32.0 7.8 0.71 9.02 1827.18 

C 32.0 7.7 0.70 16.70 1793.72 

I-P 31.8 7.6 0.69 19.44 1108.66 

I-HP 31.9 7.7 0.69 12.62 1097.33 

I-HWC 31.9 7.6 0.69 19.65 1603.27 

I-C 32.0 7.6 0.70 22.05 1169.86 

 

Where:  I – Inoculum (degassed cow dung) 

P  – public toilet 

HP  – household pit latrine  

HWC – household water closet 

C  – Combined sludge (combining ratio of P:HP:HWC of 4:1:3) 

I-P – Inoculated public toilet sample 

I-HP – Inoculated household pit latrine sample 

I-HWC– Inoculated household water closet sample 

I-C – Inoculated Combined sludge sample 

 

The biodegradability of the substrate was estimated by applying a mass balance based 

on the COD of all streams that entered and exited the digester. Theoretically, 1kg of 

COD removed will yield 0.35m3 of CH4 gas at standard temperature and pressure, hence 

the normalised theoretical biomethane potential was computed according to Equations 

4-1 to 4.3. 
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CH4 + 2O2 → CO2 + 2H2O                              Equation 4.1 

BMP = 
nRT

pVS
                                                        Equation 4.2 

n = 
COD

64 (
g

mol
)
                                                     Equation 4.3 

 

Where:  n is the number of moles of methane (mol) 

R is the gas constant = 0.082 atm L/mol K 

T is the temperature of the digester = 310 K (for 37oC) and 

approximately 300.6K (using the average ambient temperature of 

27.6oC) 

P is the atmospheric temperature = 1 atm 

VS is the volatile solids content in the substrate added to the digester 

 

The results of the theoretical and experimental yields at ambient (A) and mesophilic 

(M) temperatures were compared in Table 4-5 and Table 4-6 respectively. 

 

Table 4-5 BMP at ambient temperature (20.5-35oC) 

Sample ID IA PA HPA HWCA CA I-PA I-HPA I-HWCA I-CA 

Theoretical yield  

(NL CH4/g VS added) 
4.44 15.23 10.81 9.88 17.32 5.28 4.72 4.28 5.02 

Experimental yield 

(NL CH4/g VS added) 
0.07 0.27 0.06 0.06 0.18 0.11 0.00 0.10 0.09 

 

Table 4-6 BMP at constant mesophilic temperature (37oC) 

Sample ID IM PM HPM HWCM CM I-PM I-HPM I-HWCM I-CM 

Theoretical yield  

(NL CH4/g VS added) 
5.46 15.16 9.27 12.66 16.53 6.25 4.97 7.79 7.17 

Experimental yield 

(NL CH4/g VS added) 
0.06 0.30 0.13 0.10 0.19 0.07 0.01 0.12 0.10 

 

While the slight variations between the theoretical methane yields of the setups at 

ambient (20.5-35oC) and mesophilic (37oC) conditions were mainly due to the 
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temperature difference which consequently affected the COD and VS removal, the 

differences between the experimental and theoretical yields had to do with the 

assumption that all the COD were converted to gas in the theoretical CH4 yield 

computation. In practice however, possible differences in microbial speciation, 

population, adaptation, and metabolism due to prevailing conditions in the digester 

accounted for comparatively lower COD conversion. As indicated by the experimental 

results, only a small fraction of the influent COD was converted in general, although, 

the conversion at the constant temperature of 37oC was generally higher than at ambient 

temperatures of 20.5-35oC. Again, due to relatively higher organic contents in the 

fresher (high strength) substrates, the experimental yields from public toilet sludge were 

highest in both temperature regimes while the yield from the household water closets 

were the least. The BMP from the combined formulations were comparatively high 

enough under both temperature regimes which then reflects the effect of the mixing 

ratio on the gas generation.  

 

4.2.2. Biogas production rate 

The biogas generation rates were slower during the first few days until the peaks were 

recorded during the second week for almost all the digesters (Figures 4-13 to 4-16). 

This initially slower rates observed were most likely due to speciation/biodiversity and 

microbe-substrate adaptation behaviours of the microbial populations involved in the 

digestion process. The availability of sufficient nutrients and conducive system pH at 

the onset of the experiment supported bacteria growth, and hence the rapid breakdown 

of complex materials to simpler forms and then to the formation of acetates and other 

intermediaries compounds (CO2, H2S) which ultimately were converted to methane 

(Vögeli, 2014). The effluent pH values ranging from 6.94-7.51 for reactors at the 

ambient temperatures (20.5-35oC), and from 6.95-7.49 for reactors at the mesophilic 

temperature (37oC) indicated that the digester contents were well buffered and hence 

VFA or ammonia inhibitions were not encountered during the digestion process; as 

such, methanogens were predicted to have functioned properly. 
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Figure 4-13 Biogas generation rate at ambient temperature (20.5-35oC) 

 

 

 
Figure 4-14 Methane yields at ambient temperature (20.5-35oC) 

 

Due to the fluctuating and relatively lower temperatures at which the ambient tests were 

ran, gas yield/methane production continued into the fifth week. Although methane 

yields were quite high from the first week of the digestion process which was probably 

because decomposition of the sludges had already begun during on-site storage, the 

methane produced from any of the digesters during this period was below 50%, which 

presupposed that methanogens were not yet as much active as were the acidogenic and 

acetogenic bacteria. 
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Figure 4-15 Biogas generation rate at mesophilic temperature (37oC) 

 

 

 
Figure 4-16 Methane yields at mesophilic temperature (37oC) 

 

Biogas volume and methane content in the gas produced under the two temperature 

regimes were comparable, although due to the difference between the two temperature 

regions, there were few observable differences in the amount of gas produced. The 

availability of constant and relatively higher temperature at the controlled temperature 

regime (37oC) favoured faster reaction rates and stable digester conditions which led to 

enhanced microbial activity. Thus, full conversion of the biodegradable organics at the 

mesophilic temperature was achieved one week earlier than those at ambient 
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temperature regime, where the system temperature was relatively lower and fluctuated 

throughout the digestion period. 

 

Table 4-7 Analysis of variance for methane yield 

Variate: CH4_Percent 

Source of variation d.f. s.s. m.s. v.r. F pr. 

Temperature 1  102.13  102.13  2.16  0.163 

Seed 1  371.43  371.43  7.87  0.014 

Temperature.Seed 1  24.24  24.24  0.51  0.485 

Residual 14  660.87  47.20     

Total        17        1158.66 

 

For the cutoff for significance (alpha) of 0.05, ANOVA was used to analyse the 

influence of temperature and inoculum on the methane yield as shown in Table 4-7. It 

can be interpreted that there was no significant different effect of the range of 

temperatures adopted in this work on the CH4 production since the p-value for 

temperature is 0.163 (greater than 0.05) – thus the null hypothesis that there is no 

significant difference between the means was true. On the other hand, the p-value for 

inoculum/seed was 0.014 (less than 0.05) and therefore the null hypothesis was rejected. 

Thus, the p-value of 0.014 affirmed rather that the inoculum had significant different 

effects on the CH4 yield. 
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4.3. Effects of Temperature on the Digestion Process 

 
Figure 4-17 Temperature variations during the digestion  

 

The variations in temperature between the months of December and January during 

which the digestion was carried out were recorded (Figure 4-17). While an optimal 

mesophilic temperature of 37oC was maintained constant in one case, the other had 

temperatures varying from 20.5 – 35oC with an average value around 27.6oC. Although 

the ambient temperatures were very variable for any given day, they were more stable 

towards the lower range. Microbiological activity for the setup at ambient temperatures 

therefore could be said to have experienced ‘shocks’ due to temperature fluctuations, 

which resulted in the prolonged organics-biogas conversion period in all the digesters 

as compared with the situation at constant 37oC (Figures 4-13 to 4-16). It was observed 

from the gas production that during periods of higher mean ambient temperatures, the 

corresponding gas yield at ambient conditions were relatively higher – approaching the 

gas production behaviour at the mesophilic (37oC) condition. This observation reflected 

the influence of temperature of the reaction rates and metabolism of the 

microorganisms. 

 

The Figures 4-18, 4-19, 4-20, and 4-21 show the effect of temperature on the digestion 

process by comparing the set-ups at 37oC and 20.5-35oC for each of the 

substrates/digesters. In each Figure, comparison was made between the gas production 

behaviour for the inoculum (blank), the control and the inoculated samples. It was 
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observed that most of the samples digested at 37oC showed higher gas yields from the 

initial stages while those at ambient temperatures took off at a lower rate. By the third 

week, most of the set-ups at 37oC were retarding while the set-ups at ambient conditions 

were now on a much higher gas production rate which led to the prolongment of their 

digestion duration. There were many overlaps and, in some cases, digestion under both 

temperature regimes proceeded almost at the same rate and this observation was 

ascribed to the fact that there was not much difference between the range of local 

tropical temperatures and the mesophilic temperature that were adopted for the 

experiment. Thus, digestion under temperatures of 55oC (thermophilic) and 37oC 

(mesophilic) for instance, might have shown a more distinctive gas yield behavior due 

to the wider temperature difference as compared to the behaviour observed in this 

research. 

 

 
Figure 4-18 Effects of temperature on public toilet sludge digestion  
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Figure 4-19 Effects of temperature on household pit latrine sludge digestion  

 

 

 
Figure 4-20 Effects of temperature on household water closet sludge digestion  
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Figure 4-21 Effects of temperature on the combined sludge digestion  

 

Statistically, the ANOVA results confirmed that the two temperature regimes (20.5-

35oC and 37oC) which were considered in this research were not significantly different 

as they produced similar effects (p-values of 0.163 and 0.154, each greater than the 

alpha of 0.05) when their influence on methane yield and treatment efficiency were 

analysed (Table 4-7 and Table 4-10) respectively. 

 

4.4. Removal Efficiency of the Treatment Process 

Table 4-8 Percentage removals at ambient temperature (20.5-35oC) 

Reactor ID IA PA HPA HWCA CA I-PA I-HPA I-HWCA I-CA 

COD (%) 47.98 74.53 55.22 46.67 63.29 48.55 45.59 39.57 47.53 

TP (%) 93.09 97.76 95.19 90.60 91.85 95.77 91.52 93.61 95.92 

TKN (%) 49.17 15.09 7.41 48.41 24.37 33.39 28.26 0.72 39.88 

Helminth eggs 

(%) 
25.23 23.53 39.02 35.77 15.32 37.78 26.67 20.83 22.88 
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Table 4-9 Percentage removals at constant mesophilic temperature (37oC) 

Reactor ID IM PM HPM HWCM CM I-PM I-HPM I-HWCM I-CM 

COD (%) 57.15 71.98 45.94 57.99 58.58 55.74 46.50 69.88 65.82 

TP (%) 72.03 48.34 49.20 95.91 63.15 71.33 85.33 97.41 87.41 

TKN (%) 60.21 12.10 14.41 67.85 15.91 42.55 50.98 48.44 36.11 

Helminth eggs 

(%) 
18.92 14.22 28.05 45.12 10.08 14.07 24.67 16.48 12.79 

 

To discuss the results in Tables 4-8 and 4-9, ANOVA was used to analyse the effect of 

temperature and inoculum on the nutrient and pathogen removal efficiencies against a 

significance cutoff (or alpha) level of 0.05. Since the p-values obtained were greater 

than 0.05 for the three sources of variation that were considered as shown in Table 4-

10, we failed to reject the null hypothesis that there was no significant difference 

between the means under each source of variation. This implied that despite the slight 

observable differences among the percentage removal efficiencies recorded in this 

experiment, there was no significant impact of any of the chosen sources of variation 

(the temperature and inoculum) on the removal efficiencies of the experimental setups. 

 

Table 4-10 Analysis of variance for percentage removal 

Variate: removed percentage 

Source of variation d.f. s.s. m.s. v.r. F pr. 

Temperature 1  204.25  204.25  2.27  0.154 

Seed 1  136.22  136.22  1.52  0.238 

Temperature.Seed 1  199.06  199.06  2.22  0.159 

Residual 14  1257.34  89.81     

Total 17  1796.87       

  

The effluent characteristics in comparison to the influent indicated significant reduction 

in the COD and TP concentrations (Figures 4-22 and 4-23). It was observed that the 

least effluent COD concentration recorded was approximately 11000 mg/L after about 

36000 mg/L was removed through the digestion process. This finding was thus in 

consonance with literature by the works of Estoppey (2010) and Ulrich et al. (2009) 

which affirmed that effluent COD concentrations from anaerobic bioreactors were 
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usually above 1000 mg/L despite the marginal COD reduction mostly achieved by the 

degradation process. 

 

 

 
Figure 4-22 COD removal 

 

 

 
Figure 4-23 Phosphorus removal 

 

Nitrogen removal was observed to be generally poor (Figure 4-24). The TKN 
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(20.5-35oC) and from 12.10-67.85% for reactors at mesophilic temperature (37oC). 

Owing to the anaerobic conditions created in the digesters, there was no oxygen 

available as the digestion proceeded to favour the nitrification – denitrification 

processes in the digesters and hence the high TKN (combination of 

ammonia/ammonium and organic nitrogen) concentrations obtained in the 

digestates/effluents. However, due to the biological nutrient reductions during  the 

treatment process, the COD:TKN ratios of the digestates/effluents drew within or closer 

to the optimal range of 12-16 stipulated in Lopez-Vazquez et al. (2014) for biological 

denitrification as compared to the influent ratios in Table 4-2. This implied that a post 

treatment step aiming to further reduce the nitrogen content after the anaerobic 

digestion step would likely be more efficient. 

 

 

 
Figure 4-24 Nitrogen removal 

 

Although there was better removal of helminth eggs in the effluents from the ambient 

temperature regime than from the mesophilic regime, the general performance of the 

experiment was poor in ensuring microbiological stability of the effluent. The 

temperatures under which the tests were conducted were not sufficient enough for 

sludge sterilisation and hence retention time most likely became the prime determinant 

for pathogen removal as the treatment under ambient conditions (with prolonged 

retention time) proved to have better helminth egg removal efficiencies. 
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Figure 4-25 Pathogen removal 

 

Depending on the end use or effluent outfall, nutrient removal is critical to any 

wastewater treatment system. For systems where the final effluent is discharged into 

the environment (usually a water body), organics, nitrogen and phosphorus removals 

are of prime importance as the influents usually contain elevated concentrations than 

permissible discharge concentrations. Phosphorus for instance, is a limiting factor to 

algae proliferation and must be reduced to control eutrophication in the receiving waster 

body (Conley et al., 2009; Xu et al., 2010). High concentrations of inorganic 

nitrogenous compounds, especially ammonia, are toxic to aquatic life (Camargo and 

Alonso, 2006; Camargo et al., 2005; Wurts, 2003) and where temperature, retention 

time, pH and dissolved oxygen levels are favourable to have nitrates present (due to 

nitrification of ammonia/ammonium), these nitrates also serve as necessary ingredients 

for eutrophication (Camargo and Alonso, 2006; Nyenje et al., 2010). 

 

Anaerobic ponds are mostly applied as pre-treatment options for high strength influents 

especially in developing countries. Anaerobic digesters (with the added advantage of 

saving space for construction sue to the relatively smaller footprint; trapping of 

greenhouse gases (GHGs) which otherwise would have been emitted into the 
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environment from the usually opened anaerobic ponds; and having a much easier option 

for desludging) could therefore be applied in place of the anaerobic ponds as pre-

treatment units in the treatment of the faecal sludge prior to further treatment by the 

facultative and maturation ponds or other post treatment techniques. 

 

Although there has been some level of removal of these parameters, comparing the 

effluent quality with the Ghana EPA discharge standards and WHO effluent guidelines 

of 250mg COD/L, 75mg N/L, 2mg P/L, and <1 helminth egg/L, then post treatment 

steps must be applied to further reduce these concentrations. The results from this 

experiment agrees with the statement by Poggi-Varaldo et al. (1999) that post treatment 

of anaerobic digestion unit effluents is a generally acceptable practice in order to 

guarantee an end product of high quality. 
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CHAPTER 5 : CONCLUSIONS AND RECOMMENDATIONS 

5.1. Conclusions 

The study showed that anaerobic digestion could be used as an attractive alternative for 

the pre-treatment of faecal sludge. The three main categories of faecal sludge feedstocks 

identified were those from public toilet facilities which had the highest strength in terms 

of COD concentrations, those from household pit latrine (medium strength) and those 

from household water closet facilities (lowest strength). Their respective daily haulages 

to the treatment site are approximately 187.5 m3/d, 46.8 m3/d and 140.6 m3/d. 

 

Due to longer sludge storage in primary containments, the VS and organic contents 

analysed were much lower. Besides, the characteristics of the sludges were such that 

the optimum volatile solids to total solids ratios and the carbon to nitrogen ratios 

established in literature for anaerobic digestion were not achieved. These therefore 

resulted in lower biogas/methane yields as compared to the theoretical specific methane 

yields. The experimental yields for the sludges from public toilet, household pit latrine, 

household water closets as well as the combine sludge were 0.30, 0.13, 0.10 and 0.19 

NL CH4/g VS added respectively for the digestion at 37oC, which were all below 5% 

of their respective theoretical values. 

 

Although the bioconversion of organics at constant mesophilic temperature (37oC) 

appeared to have started off at a faster rate compared to that at ambient temperatures 

(20.5-35oC), the analysis of variance affirmed there has not been any significant 

difference between the outputs under the two temperature regimes. 

 

The treatment process was able to reduce the pollutant loads in the feedstocks to levels 

stipulated in literature for anaerobic digestion. However, biological denitrification and 

sludge sterilisation (helminth eggs removal) were the least affected by the treatment 

process. When compared with discharge threshold values, the effluent stability was 

found to be woefully inadequate, and thus, require further treatment before it can be 

safely discharged into the environment or used for other purposes.  

  

5.2. Recommendations 

The following recommendations have been made based on the findings of this research: 
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1. Due to the wide variability of faecal sludge characteristics, analysis to document 

the properties of the sludge as data for the purposes of treatment plant design and 

operations should be carried out over wider time periods. 

2. The experiment should be repeated under similar temperature ranges but 

considering feedstock pre-treatment techniques or co-digestion options to optimise 

the substrate characteristics and compare the outputs with the findings of this work.  

3. A vivid microbiological study is recommended to better understand the biology of 

the treatment process. 

4. A pilot field test should be performed to evaluate the real-time feasibility and 

adverse events to improve process performance and be well informed towards the 

design of robust systems prior to any large-scale implementation of this project. 

5. Post treatment options, particularly, the use of facultative and maturation ponds is 

highly recommended to further stabilise the anaerobic digestion effluent/digestate 

before end use or discharge into the environment. 

6. Due to the prospects of saving on treatment plant footprint, minimising desludging 

constraints, saving on machinery employed to dredge lagoons, and avoiding GHG 

emissions from anaerobic ponds, institutions and local authorities are encouraged 

to consider the incorporating anaerobic digesters into the management of faecal 

sludge. 

 

 
Figure 5-1 Conceptual diagram of the recommended treatment process 
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APPENDIX 

Survey on sanitation services in Kumasi 

This research questionnaire is purely for academic purposes with the aim of assessing 

the treatment of faecal sludge using anaerobic digestion as a means of achieving 

sustainable sanitation. The respondent’s confidentiality is fully assured and hence 

encouraged to provide information as accurate as possible. Thank you for your kind 

cooperation. 

 

Tick        or provide answer(s) as appropriate. 

1. Portfolio of respondent:   

       Facility owner/landlord           Caretaker          Tenant           Other, please 

state………... 

2. Sex of respondent:               Male            Female 

3. Age of respondent:  Below 20 21-30          31-40       41-50    

Above 50 

4. Location of toilet facility (sub-metro/suburb): 

…………………………………………… 

5. Type of toilet facility being used:   

       Bucket latrine       Pit latrine        KVIP       Water Closet         Other, please 

state……… 

6. Usage of toilet facility: 

Private              Shared                  Public 

7. Average number of users of the facility: ………………………………… 

8. Average number of visits to the toilet facility per day (if known): 

………………………… 

9. Type of anal cleansing material(s) used: Tick as many as applicable  

       Corn cob         Paper          Cloth          Water        Tissue       Other, please 

state…… 

10. Mode of disposal of used anal cleansing material: 

      Dropped into toilet containment         Gathered and burned       Other, please 

state……… 

11. Dominant religion of users: 

Christian           Islam         African traditional religion       Other, please 

state………….. 

√ 
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12. Dominant occupation/employment of users: 

       Self-employed         Public Service        Civil Servant       Other, please 

state…………… 

13. Frequency of desludging of the toilet containment/sludge storage duration: 

…………… 

14. Means of desludging:  

       Self (manual)           Vacuum trucks (mechanical)        Other, please 

state……… 

15. Cost for desludging if applicable: ………………………………… 

16. Disposal site of the sludge after desludging from primary containment: 

………………… 

17. Do you apply chemical(s) for cleaning the toilet facility?            Yes            No 

If yes, proceed through question 18 otherwise continue from question 21 

18. What kind of chemical(s) do you use? Please state……………………………… 

19. How frequent do you apply the chemical(s) stated above? 

…………………………… 

20. How much (quantity) of chemical(s) do you use during each 

application?............................ 

21. Do you add chemical(s) for sludge suppression in primary containment?      Yes        

No 

If yes, proceed through question 22 to 24 

22. What kind of chemical(s) do you use? Please state………………………………… 

23. How frequent do you apply the chemical(s) stated above? 

…………………………… 

24. How much (quantity) of chemical(s) do you use during each 

application?........................... 

 

 


