Article de recherche Rev. Cong. Sci. Technol., Vol. 04, No. 03, pp. 572-585(2025)

OPEN ACCESS

. . . REVUE
Revue Congolaise des Sciences & Technologies [HITITTN
ISSN: 2959-202X (Online); 2960-2629 (Print) DES SCIENCES

https://www.csnrdc.net/ ET TECHNOLOGIES

The main Factors in the Treatment of Faecal sludge: A mini review

[Les principaux facteurs dans le traitement des boues fécales: une mini-revue]

Kawata Dagumbu®, Inkoto Liyongo Clément??, Kibal Mande Iréne‘, Musibono Eyul
Anki Dieudonné*

‘Environmental Sciences Department, Faculty of Sciences, University of Kinshasa, Democratic Republic of the Congo;
2 African Center of Excellence for Water and Sanitation, University of Abomey Calavi, Calavi, Republic of Benin;
SMedical Biology Section, Higher Institute of Medical Techniques of Kinshasa, Kinshasa, Democratic Republic of Congo
“Department of Chemistry and Industry, Faculty of Science and Technology, University, Democratic Republic of the Congo

Abstract

The aim this research was to present an overview of the key aspects of faecal sludge treatment based on the research available
over the last 5 and 10 years, in line with the context of developing countries on the African continent. This research is a literature
review. The publications were collected mainly from the web databases of the ‘reaserch gate’, ‘google scholar’ and
‘academia.edu’ platforms, where articles, manuals, technical reports or other relevant documents were extracted. The variables
or key factors to be considered in the treatment of faecal sludge that have been identified through this research are far from
exhaustive. The few that have been retained have been classified as technical, environmental, economic and social factors.
Research published on the subject over the last 5 and 10 years is a relevant source of information. The variables or key factors
encountered have been grouped into 4 main categories: technical, environmental, economic and social. If faecal sludge treatment
is to be sustainable, appropriate technology is needed, based on a sound knowledge of environmental requirements and a mastery
of economic and financial aspects, without neglecting the needs and role of stakeholders.
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Résumé

L'objectif de cette recherche était de présenter une vue d'ensemble des aspects clés du traitement des boues fécales sur la base
des recherches disponibles au cours des 5 et 10 dernieres années, en tenant compte du contexte des pays en développement du
continent africain. Cette recherche est une revue de la littérature. Les publications ont été principalement collectées a partir des
bases de données web des plateformes « research gate », « google scholar » et « academia.edu », ou des articles, des manuels,
des rapports techniques ou d'autres documents pertinents ont été extraits. Les variables ou facteurs clés a prendre en compte
dans le traitement des boues fécales qui ont été identifies grace a cette recherche sont loin d'étre exhaustifs. Les quelques-unes
qui ont été retenues ont été classées en facteurs techniques, environnementaux, économiques et sociaux. Les recherches publiées
sur le sujet au cours des 5 et 10 derniéres années constituent une source d'information pertinente. Les variables ou facteurs clés
rencontrés ont été regroupés en 4 grandes catégories: techniques, environnementales, économiques et sociales. Pour que le
traitement des boues fécales soit durable, il est nécessaire de disposer d'une technologie appropriée, fondée sur une bonne
connaissance des exigences environnementales et une maitrise des aspects économiques et financiers, sans négliger les besoins
et le role des parties prenantes.

Mots clés: boues fécales, développement durable, lits de séchage, économie circulaire, environnement.

1 Introduction greywater, from on-sie sanitation systems, such as
pit latrines, septic tanks and dry toilets. Faecal sludge

Faecal sludge refers to raw, muddy or partiall . . . -
g yorp y resembles a solid and varies greatly in characteristics

digested excreta, whether or not combined with
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and consistency (Lindberg & Rost, 2018; Doglas et
al., 2019).

The management of this sludge is a real
challenge, especially in developing countries which
often face a lack of adequate infrastructure (Manga
etal., 2022).

In these countries, the urbanization process has
not been accompanied by a commensurate expansion
of adequate sanitation infrastructure or the
rehabilitation of old infrastructure that has aged over
time. Sanitation conditions have become particularly
critical in peri-urban areas where adequate
infrastructure and services are almost non-existent.
Currently, access to sanitation in these peri-urban
areas is generally provided by on-site sanitation
techniques, namely pit latrines and septic tanks. In
sub-Saharan Africa, approximately 65 to 100% of
urban areas are served by these types of systems,
which allow faecal sludge to be released into the
environment without prior treatment (Moiambo et
al., 2021).

The discharge of untreated faecal sludge into
the environment poses serious health risks, as faecal
sludge contains viruses, protozoa, bacteria,
helminths and many other dangerous pathogens that
can trigger an epidemic in the environment. Faecal
sludge can also contain a very high concentration of
heavy metals such as lead, mercury and cadmium
that easily enter the food chain, leading to serious
consequences for human health. In addition, faecal
sludge contains a large amount of organic matter,
which causes foul odors during the degradation
process and further worsens environmental
conditions. Faecal sludge also generates a significant
volume of greenhouse gases (GHGs), which have a
severe impact on global warming and natural
ecosystems in general (Orugba et al., 2024).
Solutions are needed to improve access to safely
managed sanitation services for people in developing
countries (Simiyu et al., 2021) and thus progress
towards achieving the Sustainable Development
Goals (SDGs) (Ward et al., 2019.).

Despite the emergence of existing faecal sludge
treatment technologies, it is not easy to predict the
key factors that enable the deployment of a
sustainable faecal sludge management system
(Mwamlima et al., 2024). In addition, “a
comprehensive overview of the problems faced by
Faecal Sludge Management system and new
technologies for them is still lacking”, believes
Zewde et al. (2021). The existing works have
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focused on a single aspect such as technical
performances (Mwamlima et al., 2023; 2024), the
cost (Mbouendeu et al., 2022), the use of products
resulting from the treatment (Muspratt et al., 2014)
and social acceptance (Mkude et al., 2021). But a
synthesis that attempts to address all these aspects
from the perspective of sustainability as carried out
by Orugba et al. (2024) is hard to find.

To encourage and increase the implementation
of sustainable faecal sludge management in low-
income sanitation facilities, faecal sludge could be
viewed holistically as a resource that should be
transformed into valuable resources instead of
polluting the environment and posing a risk to public
health (Kawata et al., 2024).

Unplanted sludge drying beds could then
largely be the most appropriate technique because
they have the particularity of being inexpensive and
of relying on natural processes, namely evaporation
and gravitational drainage (Cofie et al., 2006).
Sludge drying beds are simple and cost-effective
solutions that provide significant sludge volume
reduction and hygiene improvements. The
performance of unplanted drying beds is related to
the duration of the drying cycle and depends
fundamentally on the local climate and the
characteristics of the sludge, namely its solids
content and degree of stabilisation (Strande et al.,
2014; Ssazipius et al.,2021). Can the success of
faecal sludge treatment be achieved without societal
acceptance and stakeholder participation throughout
the entire chain, from production through treatment
to final use and disposal? It is clear that the treatment
of faecal sludge involves the consideration of several
aspects that should require special attention. There
are many factors to consider when selecting the best
treatment configurations, including the end-use,
treatment goals, potential benefits and limitations,
and how to compare costs (Zewde et al., 2021).

It is with a view to clarifying the issue of key
aspects of the proper configuration of faecal sludge
treatment that this review has been undertaken.

The objective of the research is to present a
synthetic view of the main factors of faecal sludge
treatment based on the research work available in the
last 5 and 10 years in line with the context of
developing countries on the African continent. The
study therefore aims to make a contribution to
knowledge that aims to address the key aspects of
faecal sludge treatment from a holistic perspective
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that includes technical, economic, social and
environmental or ecological dimensions.

2. Material and methods

In this literature review, the publications were
collected mainly from the web databases of the
platforms as reaserchgate, google scholar,pubmed,
central pubmed and academia.edu where articles,
manuals, technical reports or other relevant
documents were extracted. A total of 60 publications
were selected in which 36 served as the main data
sources. The other publications contributed to the
deepening of the discussion. The keywords used for
the article search were: “sludge treatment”, “sludge
recovery”, “unplanted drying beds”, “biosolids
utilization” and “environment”. No limitation on the
years of publication has been set.

Data analysis was carried out using Excel
software. The publications identified were classified
in an Excel sheet, taking into account factors or
variables relating to technical, environmental, social
and economic aspects identified as being decisive in
the treatment of sewage sludge by each publication.
They were also classified according to the years of
publication and finally according to the study
environments.

3. RESULTS

Figure 5 shows the different plant families listed
in the two privinces (Kuffour et al., 2019; Junglen et

al., 2020; Cofie et al., 2021)
Table I. Different plant families listed in the two

privinces
N° Factors or variables
1 Economy, (Costs, outlets, market,
financial resources,)

2 Technique (dehydration method,
filter type, conditioners, sizing)

3 Environment or ecological
(Pollutant removal capacity,

Characteristics, properties of sludge,
Climate, Use of the final product, space)

4 Social ~ (Pathogen  destruction
capacity, stakeholder involvement, social
acceptance)

The factors or variables listed in table 1 are
grouped into four major categories: technical,
environmental, social and economic. This is what
emerges from the various publications used in this
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research. Out of a total of at least 36 publications, at
least 16 highlight the technical aspects and 18 the
economic dimension while 23 emphasize the
environmental aspects and 8 the social aspect. In
some publications, 2 or even three factors are
highlighted at the same time that are found in the 4
major categories. By distributing them to observe
their proportions through figure 1, it can be observed
that the environmental aspect requires more than
30% while the technical and economic aspect are
found at less than 30% and the social aspect at less
than 15%.

Through this classification of factors, it is
revealed that environmental factors constitute the
most mentioned group, that is to say that a little more
than three publications out of ten have noted the fact
that variables such as the origin of the sludge, its
characteristics before and after treatment as well as
its elimination constitute major concerns in the
treatment of faecal sludge. They are followed by the
economic and technical aspects and in last position
the social aspects. Figure 1 gives the distribution of
the key aspects in the treatment of faecal sludge.

Category of factors identified by proportion

12%

35%

R 4

m Technical = economic environmental Social

Figure 1. Distribution of key aspects in sewage
sludge treatment.
Table 1l gives the classification of publications by
year of publication
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Table Il. Classification of publications by year of

publication

Year | Time Number of References

period | publications
2004 Montangero et al., 2004 ;
2006 Cofie et al., 2006 ; Koné et
2007 al, 2007 ; Kuffour et al.,
2009 2009 ; Ogleni et al., 2010 ;
2010 Dodane et al., 2012 ; Kuffour
2012 : et al., 2013 ; Diener et al.,
2013 | Priorto 17 2014 ; Singh et al., 2017 ;
2014 last 5 Ziebell et al., 2016 ; Seleman
2015 | Years et al., 2016; Vuni et al,
2016 2022 ; Sonko et al., 2015.
2017 Wijesekara et al, 2020.
2019 Doglas et al., 2019 ; Ward et
2020 al., 2019; Orugba et al.,
2021 2024 ; An-nori et al., 2021,
2022 | 5last 19 2022 ; Giwa et al., 2023;
2023 years Kawata et al., 2024 ; Simiyu
2024 etal., 2021
Total 36

Most of the countries where research has been
carried out as listed in table Il are developing
countries in sub-Saharan Africa where non-
collective sanitation systems predominate and the
studies listed have been published most, 19 out of 36
in the last 5 years. This may reflect the interest and
topicality of the issues addressed. Figure 2 gives the
number of publications by study environment.

Number of publications
O R, M oW B U N ®

“v ¥ogr &P
F & g N Q) 9 (& & <
R S s P M G R CRY
& & CFeoegdes OIS
P w7 A @
o (8} O\)
& £

Study area

Figure 2: Number of publications by study area

Ghana, a developing African country located
south of the Sahara, is at the top of the list of
countries where research on the treatment and
management of faecal sludge has been carried out
with at least 7 publications listed in this journal
(Cofie et al.,2006; Diener et al.,2014; Koné et al.,
2007; Kuffour et al., 2009,2013,2019; Nsiah-
Gyambibi et al., 2021). It is followed by Uganda
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with 6 publications (Diener et al., 2014; Ziebell et
al., 2016 ; Manga et al., 2010:2022:2022; Ssazipius
et al., 2021); Senegal (Diener et al., 2014; Sonko et
al., 2015; Dodane et al., 2012; Ward et al., 2019) and
Tanzania (Doglas et al., 2019;Seleman, 2016 ;
2021;Ward et al., 2019) with 4 publications; Kenya
(Junglenet al., 2020, Simiyu et al., 2021) with 2 and
finally the DR Congo (Kawata et al., 2024);
Cameroon (Ekam-Ngohe et al., 2017),South Africa
(Getahun et al., 2020)And Mozambique (Moiambo
et al., 2021) with 1 publication each. Only 3 studies
carried out respectively in Morocco (An-nori et al.,
2021:2022) and in Turkiye (Oglent & Ozdemi, 2010)
are located outside the South Sahara region.

3.1. Technical factors or variables

Technique refers to the treatment mode, the
dehydration capacity, the materials (types of filters,
dimensions of materials, types of conditioners etc.) As
a technique, we can distinguish between unplanted
drying beds, planted drying beds, solar drying beds,
mechanical dehydration technique, and permeable
membranes.

Faecal sludge constitutes complex mixture of
human excreta, water, solid waste, pathogens and
nutrients, which are dangerous to both human health
and the environment (Doglas et al., 2019).

However, if faecal sludge is managed safely, it
can be recovered and used for energy and agricultural
purposes, contributing to community income (Doglas
etal., 2019).

This complex, which generally contains a large
amount of water, organic matter, pathogens and
pollutants, requires, before being valorized, to ensure
the reduction of the amount of water, the stabilization
of the organic matter, the elimination of pathogens and
pollutants. To do this, it is important to use appropriate
techniques. The choice of technique arises from the
analysis of many researchers listed as the key element
that must guide the treatment of sewage sludge (Cofie
et al.,2006; Ziebell et al., 2016; Moiambo et al., 2021;
Seck et al., 2015; Manga et al.,2016; Sonko et al.,2015;
Zewde et al. ,2021; Orugba et al.,2024). The space and
size required for the treatment device have also been
identified as a significant factor, as it is a constraint,
especially for developing countries. (Junglem et al.,
2020).

Among the existing techniques, drying beds are
acclaimed as the technique best suited to treating
sewage sludge. Drying beds are one of the most
commonly employed technologies for sludge
dewatering. They are appropriate technologies for low-
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income countries, as they have low-operational
requirements, and low-capital and operating costs (dry
et al., 2015). Two major mechanisms are at the heart of
the operation of the drying bed, namely drainage and
evaporation. The figures below show the two
mechanisms described by Moiambo (2021).

Loading of Intermediate
_sludge _ Initial phase phase

Final phase

NS Y

LR J Vi
. Freeboard [ " Suspended solids m Fiiter media
] Free water - Cake

Figure 3. Schematic presentation of the phases
that characterize the Sludge Driying Bed drainage
process (Moiambo et al., 2021)

Initial

phase
Intermediate Final
Ly phase L phase
A First critical moisture point
N,
o C
A

First critical moisture point

0 |
§ Equilibrium
§ moisture
*E

Figure 4. Schematic caracterization of the
different phases of sludge dewaterinng at drying beds
(Moiambo et al., 2021).

Figure 3 shows the drainage process in four
phases: loading, initialization, intermediate phase
and final phase. Loading corresponds to the
deposition of sludge on the drying beds. The
initialization phase is the one during which the solid
fraction forms a "cake" leaving a less dense liquid
mass interface at the top. During the intermediate
phase, the liquid that has started to separate with the
solid fraction gradually passes through the biofilter.
The final phase is characterized by the disappearance
of the liquid mass on the surface and the formation of

Drying rate

Time
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cracks inside the solid material (Moiambo et al.,
2021).

Figure 4 explains the evaporation in three phases.
The first (section A and B) is the initialization phase
during which the evaporation rate increases or
decreases depending on the sludge temperature; the
second, called intermediate (section BC) during which
the moisture transfer from the sludge to the free surface
is sufficient to keep it completely free from moisture
allowing evaporation at a constant rate, and finally a
final phase (section CDE) which is characterized by a
decreasing evaporation rate that begins when the free
surface water of the sludge begins to dehydrate, thus
showing a generally linear progression because the
resistance to internal diffusion of the liquid is low
compared to the resistance to internal diffusion of the
liquid (Moiambo et al., 2021). In terms of infrastructure
implementation, the unplanted drying bed appears as a
basin inside which filter beds are arranged as shown in
the figures below:

Cross section A-A

Drainage pipe

Sand (0.30 m) Grain size: 0.09 - 8 mm
Fine gravel (0.10 m) Grain size: 5 - 10 mm
. Coarse gravel (0.05 m) Grain size: 10 - 80 mm
Sealed liner (0,20 m)
Figure 5. Cross sections of the drying beds.
(Seck et al., 2015)

Ventil

\ Greenhouse

Sludge layer
Sand layer

Fine gravel
Coarse gravel

Drainage pipe

To effluent treatment

Figure 6: Diagram of a drying bed. (Sonko et al.
2015)
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The common point of these figures is the filter
consisting mainly of three layers plus a drain for
evacuating the percolate.

The difference between them is that figure 6 is
designed with a roof while the others are not. The roof
can indeed be placed in order to prevent against
rainwater but it can also be built as a greenhouse (An-
nori et al., 2021; 2022). Instead of sand as a filter
component, sawdust can be used. Similarly, in order to
optimize the treatment and dehydration potential, the
use of conditioners or even varying the dimensions of
the filter components can be considered.

In some cases, another device consisting of tank
is placed before dumping the sludge on the drying bed.
This device helps in thickening the sludge. But due to
cost and other maintenance requirements, Seck et al.,
(2015) recommends to do without such a device and to
resort directly to treatment in the drying bed. One of
the most important technical variables (factor) is the
dehydration capacity. This is dependent on many other
variables including conditioners, filter type, device size
(Gold et al., 2016; Doglas et al., 2019). The choice and
diameter of the filter media has also been identified as
a key element in the dewatering performance. The
commonly used media is sand. (Manga et al., 2016).
Usually, sand is used as the filter media, but geotextile
(Ziebell et al.2016) and sawdust (Kuffour et al., 2019)
can also be used as filter media, gravel being
maintained as a drainage medium. Sawdust is a by-
product of sawmilling processes, with various uses
(mulch, animal bedding and soil amendment,
construction and soil conditioner, energy source. in
construction and as an energy source. This resulted in
reduction in the sludge dewatering times for different
sludge to sawdust mixed ratios (Ssazipius et al, 2021).
In this regard, fine sawdust performs better than coarse
sawdust and sand media in faecal sludge dewatering,
and should be adopted as a filter media in sludge drying
beds within sludge treatment plants as a suitable
replacement of sand (Ssazipius et al, 2021).

The dimension of the filter used (Kuffour et al.
2009; Manga et al. 2016) is also a variable mentioned.
Details on the importance of technical factors are also
found in the research of Getahun et al., (2020); An-nori
et al. (2021); An-nori et al. (2022); Cofie et al. (2006);
Doglas et al. (2019); Ziebell et al. (2016); Ssazipius et
al. (2021); Moiambo et al. (2021); Kuffour et al.
(2009); Manga et al. (2016).

3.2. Economic and social factors or variables

Social aspects mainly refer to health but also to

the participation and role of stakeholders involved in
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the treatment of faecal sludge. The economic variables
identified refer to the outlets for the treated products,
the reduction of treatment costs and the gain of savings.
The destruction of pathogens in order to preserve
human  health is one-dimension  important
demonstrated by Oglen and Ozdem (2010), Manga et
al. (2016); Koné et al., (2006) then An-nori et al.,
(2022). Social acceptance and stakeholder involvement
are described by Simiyu et al., (2021).

The world is increasingly experiencing resources
crisis in recent years. Resource recovery from faecal
sludge such as biogas, fire briquettes and soil
conditioners are increasingly gaining interest of many
researchers. These researchers have focused only on its
yield, health hazard, technical aspect for collection and
storage of these resources, but little has been done in
low-cost resources recovery (Doglas et al., 2019,
Mwamlima, 2023).

The economic aspects also concern the added
value that the treated product brings once placed on the
market but also the financial resources necessary for the
implementation of the treatment plant. (Cofie et al.,
2006 ; Doglas et al., 2019; Diener et al.2014; Bell et al.,
2016; Ssazipius et al., 2021; Moiambo et al., 2021;
Kuffour et al., 2019 ; Manga et al., 2016; Dodane et
al.,2012; Murray et al.,2010; Zewde et al.,2021; Toilet
Board Coalition, 2016; Simiyu et al.,2021 ; Orugba et
al.,2024; Gold 2016; Mallory et al., 2020; Strande et al.
2014). It was noted by Junglem et al., (2020) the
concern to discover options likely to have a
considerable impact on the treatment cost by defining
less expensive parameters to analyze in order to
determine the characteristics of the sludge.

3.3. Environmental factors or variables

The environmental aspects identified include
climate, properties of sludge before and after treatment,
destruction of pollutants, origin or source of sludge
(public or private toilet, septic tank toilet or pit) as well
as use and disposal of sludge (Cofie et al., 2006; Seck
et al., 2015; Ziebell et al., 2016 ; Ssazipius et al., 2021
; Moiambo et al., 2021 ; Manga et al., 2016; Getahun et
al., 2020 ; Zewde et al.,2021 ; Orugba et al.,2024;
Sonko et al., 2015; Ekam-Ngohe et al.,2017; Ward et
al.,2019; Ward et al.,2022; Junglem et al., 2020 ;
Manga et al., 2022).

Thanks to the characteristics of the product
obtained after treatment, several uses have been cited
in agriculture as organic fertilizer, in households as
fuel or in the rehabilitation of sites and soils
contaminated by pollutants. (Cofie et al.2006 ; Doglas
etal., 2019 ; Seleman et al., 2016 ; Diener et al., 2014
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; Kuffour et al.,2019 ; Murray et al.,2010 ; Dodane et
al., 2012 ; Simiyu et al.,2021 ; Manga et al. (2016);
Zewde et al., 2021; Orugba et al., 2024; Manga et al.,
2022).

All of this summarizes the environmental aspects
mentioned through the works and documents used in
this review.

4. Discussion

The results obtained through this study showed
that the treatment of faecal sludge involves taking into
account several factors and/or variables which can be
grouped under four main categories namely
environmental, technical, economic and social.

It is indeed important to treat feacal sludge in
order to prevent it from constituting a danger to public
health and the environment (\Vuni et al., 2022).

The environmental aspects considered in this
study include climate, destruction of pollutants,
physicochemical characteristics of sludge before and
after treatment (Giwa et al., 2023), the source of sludge
and finally the use and disposal of the products
obtained after treatment.

The concern to save public health and the
environment requires that faecal sludge be free of
pathogens, chemical and organic pollutants. And thus
have properties that make them usable without
producing induced pollution. This explains why a good
knowledge of the physicochemical characteristics of
sludge before and after treatment is one of the major
concerns. The source of production of faecal sludge
(type of containment: pit latrine or septic tank) is also
a relevant element. As through this study, Montangero
& Strauss. (2004) lists the characteristics of faecal
sludge as key variables. This is also evident in the
research of Taylor et al., (2018).

It is important to know the physicochemical
characteristics of the sludge before its treatment
because this makes it easier to choose sludge treatment
techniques and even to predict the quality of the
products to be obtained after treatment (\Ward et al.,
2019). Empirical and qualitative observations in the
field indicate, for example, that sludge from public
toilets takes longer to settle and dehydrate than sludge
from households, (Cofie et al., 2006; Heinss et al.,
1999). It has been suggested that this is due to different
degrees of stabilization (i.e. the extent of
biodegradation of organic matter), although it is not yet
clear how stabilization is related to the dewatering
performance of faecal sludge (\Ward et al., 2019).
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However, it has also been observed that the type
of containment (pit latrines or septic tanks) is an
important  predictor of the physicochemical
characteristics than the source (domestic or public
toilets) (Strande et al., 2014). Relationships between
surface charge and conductivity and dewatering time
have been observed in fecal sludge (Gold et al., 2016).
These relationships could also be influenced by
concentrations of extracellular polymeric substances
(EPS) although it has been observed that they are 2 to
10 times lower in fecal sludge than in activated sludge
(Ward et al. 2019). Technical obstacles to solid-liquid
separation of faecal sludge are mainly related to its high
variability and unpredictability of treatment
performance, as well as the lack of fundamental
knowledge on the factors influencing the settling and
dewatering of fecal sludge. (Ward et al., 2022). Sludge
dewatering depends on the initial total volatile matter
(TVM) and total suspended solids (TSS) content,
loading rate and loading frequency. Indeed, drainage is
highly dependent on the applied sludge volume and the
sludge concentration on suspended solids which
influence the formation and characteristics of the
sludge cake that settles on the drying bed (Sonko et al.,
2015). It is required that after the treatment of the
sludge, in addition to the presence of elements to be
recovered (N, P, K, energy etc.), the main
characteristics of the products obtained must be free of
pathogens and pollutants as well as emerging
contaminants (Wijesekara et al., 2020).

Itis therefore of capital importance to have a good
understanding of the properties of sludge before its
treatment. This is also what is noted in more than 30%
of the studies analyzed in the context of this research as
shown in figure 1.

The characteristics that cover the products
obtained after sludge treatment are also crucial in
determining their use or disposal. What has been
established through this review is attested by other
research. The products obtained after treatment can
thus be useful in agriculture as green manure and
compost for soil fertility (Kawata et al., 2024), to
carbon sequestration (Silvana et al., 2014), to the
rehabilitation of mining sites (Wijesekara et al., 2020),
to the decontamination of soils contaminated with
polycyclic aromatic hydrocarbons (Kawata et al., 2024)
or even as a source of energy (Orugba et al., 2024;
Sanka et al., 2024).
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The last two uses of products from the treatment
of sewage sludge are particularly interesting.

The characteristics presented by the biosolids
obtained by drying bed treatment during a study
conducted in Kinshasa in the DRC led to the
valorization of treated sewage sludge through the
decontamination and fertilization of sandy soil
contaminated by hydrocarbons. Which further shows
that the interest resulting from the use of sewage sludge
according to the characteristics of the by-products
obtained is a significant parameter that justifies the
importance of sewage sludge treatment. The study
conducted by Kawata et al., (2024) highlighted both the
role of biosolids obtained by treatment of sludge
drainage in soil fertility (agriculture) as well as in the
decontamination of sites contaminated by polycyclic
aromatic hydrocarbons. Which is also a sustainable
solution in the face of the limit resulting from the fear
of the accumulation of treated sludge in particular as a
source of greenhouse gases and as a source of induced
organic pollution (Singh et al., 2017; Nsiah-Gyambibi
etal., 2024).

As for the interest of the characteristics of by-
products from the treatment of sewage sludge as a
source of energy, it is important to mention the triple
interest, namely as a source of green and alternative
energy that contributes to the fight against
deforestation, as a solution for cooking and finally as a
source of both economic gain and income generation
(Eliyan et al.,2022). Low-income countries face a
severe shortage of energy for heating and cooking,
often relying heavily on wood, leading to deforestation
issues especially in Africa and South America.
Approximately 1.6 million tons of charcoal are
produced annually, leading to ecosystem destruction
(Gachuri et al.,, 2015). Replacing wood-derived
biomass with treated faecal sludge is not only cost-
effective but also environmentally friendly. Faecal
sludge is proving to be a viable biomass source for
energy production (Laura et al., 2022; Sanka et al.,
2024), its coal having an energy content comparable to
that of charcoal (Onabanjo et al., 2016). Environmental
factors are closely linked to technical considerations.
The elements of understanding provided by these
studies mentioned above meet those discovered
through this review.

The environmental aspects developed above lead
to the implementation of appropriate techniques. The
technique then takes on a significant importance
because obtaining products free of contamination and
pollution as well as by-products offering properties
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useful to agriculture, to the rehabilitation of
contaminated sites and as a source of energy depends
on it. The choice of the appropriate technique
recommended in the review carried out is also the
concern of Montangero et al., (2004); Taylor et al.,
(2018) who respectively described the processing
mechanism and provided a description of the choices
to be made. Unplanted drying beds thus stand out as a
suitable solution, especially for countries south of the
Sahara with a humid tropical climate. Kawata's et al.,
(2024) conducted in Kinshasa in the DR Congo showed
the effectiveness of using non-planted drying beds in
the treatment of sewage sludge. Other researchers
including Kuffour et al., (2019) and Orugha et al.,
(2024) also confirmed the effectiveness of unplanted
drying beds.

In order to optimize the achievement of results,
the review conducted within the framework of this
study also largely supported drying beds as an
appropriate technique in the treatment of faecal sludge.
Figures 5,6,7 and 8 presented a description of them.
However, it is essential to consider several technical
options that improve the treatment technique using
unplanted drying beds.

For example, consider using a type of filter other
than sand such as sawdust and geotextile; varying the
dimensions of the materials constituting the biofilter
(Kouffur et al., 2010; Mwamlima et al., 2024)) but also
the use of organic conditioners. The interest focused on
the type of filter through this research is also found in
the research of Mbouendeu et al., (2022).

However, of all the improvement proposals, the
analysis of the data collected through this literature
review highlighted the use of local Kuffour
conditioners (2009; 2010; 2013; 2019) as the most
decisive  improvement for  several reasons.
Conditioners provide several advantages: The main
advantage of some local conditioners is that their by-
products are non-toxic and biodegradable, they are
environmentally and health friendly and they do not
significantly affect the pH and conductivity of the
treated effluent. In addition, local conditioners such as
Moringa oleifera have antimicrobial activity on
pathogens and are highly effective against several
bacteria and fungi (Padla et al., 2012). Conditioners
contribute to the reduction of sludge treatment time,
they increase the energy capacity of sludge, improve
the settling of suspended solids. Local conditioners
increase the calorific value of solids since they have a
carbon-based calorific value of 20-28 MJ/kg, which
allows solids to reach the calorific value required by
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energy fuels (Diener et al., 2014). The use of local
conditioners allows the elimination of heavy metals
and the destruction of pathogens in soils, thanks to the
formation of a permeable and rigid structure (Diener et
al., 2014). In addition, these conditioners have a
coagulation capacity that allows small sludge particles
to be agglomerated into larger particles prior to sludge
dewatering. Local conditioners operate by means of an
adsorption  mechanism  followed by charge
neutralization with a bridging effect on sludge
dewatering (Doglas et al., 2019). Local conditioners
have the advantage of reducing sludge treatment costs
by 50% due to the reduced volume of sludge they
produce (Gold et al.,, 2016). Environmental and
technical factors alone are not enough to justify the
treatment of faecal sludge. The social and economic
dimension plays a role that the review has brought out.
The economic gain and the possibility of selling the
products obtained through the treatment represent a
very important link as well as the need for social
acceptance. These concerns are widely found
throughout the review carried out.
Murray et al., (2010) found that the financial burden of
sanitation on households and governments can be shifted
by creating new value propositions from human waste.
One way to generate additional financial flows is at the
back of the service chain, by tapping into a customer
segment interested in resource recovery from waste by-
products. Viable business models could emerge from
designing faecal sludge management systems that focus
on resource recovery, which would help ensure the
sustainable provision of adequate sanitation. The
findings from this study are largely supported by
Muspratt et al., (2014). Through the use of treated
sewage sludge as fuel, sewage sludge constitutes a clean
and inexpensive source of energy Muspratt et al., (2014).
Mwamlima et al., (2023). The consideration of sewage
sludge as a resource to be valorized rather than simply as
a problem to be solved is also found in Kawata et al.,
(2024). Establishing that sewage sludge is a resource to
be valorized (Kawata et al., 2024), provides clear
elements in the paradigm shift to be made through an
epistemological revolution which consists of considering
sanitation as a field of the circular economy rather than
simply as an environmental or ecological and health
issue.
Lack of funding for remediation and increased
contamination of natural resources due to improper
waste disposal have led to increased advocacy for a
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transition to circular economy approaches to sanitation
that can produce nutrients for agriculture, protein for
animal feed or clean energy. This aspect of the
economic and ecological gain highlighted in this study
is also supported by Mkudeet al., (2022) and Koottatep
et al., (2001). Toilets provide a range of valuable
resources that offer multiple circular flows for
materials, energy and water (Mallory et al., 2020).
Toilet resources are an important part of the biological
cycle. Toilet resources can be mixed with food and
agricultural “waste” as well as compostable items, such
as packaging. (Toilet board coalition, 2016).

One way to generate additional financial flows is
to tap into the customer segment interested in resource
recovery from waste-derived products. This new value
proposition of selling finished products after treatment
would complement the existing value proposition,
which typically consists of an emptying service for
households. As part of a multi-stakeholder approach to
sanitation, it is important to develop viable business
models that move away from subsidy-based
approaches to stand-alone or even profit-oriented
business approaches, in which costs are fully
recovered. This could potentially reduce the amount
paid by households, thereby increasing their ability to
pay for the service, thereby improving overall access to
sanitation and the impacts on hygiene, health and well-
being (Diener et al., 2014).

The (Reasons) challenges related to the treatment
of sewage sludge therefore also cover the sphere of
social acceptance. Hence the significant importance to
be given in particular to the various stakeholders
(Diener et al., 2014) and their customs and traditions.

Societal acceptability also requires a good
understanding of the habits of the population (Mkude
et al, 2021). Faecal sludge management systems
require many interactions between stakeholders (e.g.
the household, the collection and transport company,
the treatment plant, the end use or disposal), (Diener et
al, 2014). The question of the reasons for treating faecal
sludge cannot therefore be addressed without
integrating the issue of stakeholder interest and
involvement. The issue of the treatability of faecal
sludge is not only technical, environmental, ecological
or economic. It is also social in that it concerns the
actors. Top-down and technocratic approaches to
sanitation planning are now giving way to participatory
approaches, which focus on waste producers, i.e.,
households/communities as key actors in sanitation
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planning processes (Murray, 2010). Challenges such as
dealing with populations who find the idea of handling
faecal sludge, odours and other challenges related to
customs and traditions repulsive must be addressed.

5. CONCLUSION

This research aimed to present the main factors as
the key aspects involved in the treatment of fazcal
sludge through a literature review. Research published
on the subject in the last 5 and 10 years constitute
relevant sources of information on this subject.

The key variables or factors encountered were
grouped into 4 main categories, namely technical,
environmental, economic and social.

For the treatment of feacal sludge to be carried
out in a sustainable manner, appropriate technology is
therefore required, based on a good knowledge of
environmental requirements and a mastery of the
economic and financial aspects without neglecting the
needs and role of the stakeholders.

Thus, in terms of the technology to be deployed,
it turns out that unplanted drying beds offer advantages
that make them a well-suited technique for treating
faecal sludge. Opting for unplanted drying beds as a
technique requires a good knowledge of the
characteristics of the sludge to be treated and the by-
products obtained after treatment and taking into
account the climate. It is then necessary to use the by-
products obtained after treatment well in order to
ensure that solutions are provided for the health of
ecosystems and humans. In addition, it is strictly
recommended to exploit the needs to be satisfied with
the treated products in order to rationalize the cost of
operations and seize opportunities in possible markets
with a view to a circular economy. Finally, it is
necessary to ensure that all stakeholders, from
households to  public  authorities, including
communities and private individuals, are involved.

However, although the results of this research
are applicable to developing countries where non-
collective sanitation is the mode, each country
should have its own standards and properly
contextualize the key aspects of faecal sludge
treatment.

This review has mainly made it possible to realize
that knowledge on the key aspects of the treatment of
faecal sludge is available and that it is urgent to use it
in order to find solutions to the problems of health,
pollution, lack of energy and even lack of financial
resources.
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