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Abstract. Dewatering of faecal sludge (FS) is the most efficient method of
pretreatment of bioorganic human waste for minimizing the faecal sludge
volume. This process may be considered as one of management tool in
service chain of Faecal Sludge Management (FSM). For this purpose
technological features of methods, the advantages, disadvantages and
possibilities of the use have been analysed. The article provides a review of
the most efficiently methods of faecal sludge dewatering generated in the
individual residential sector (unplanted drying beds, planted drying beds,
solar drying, mechanical dewatering, geotubes) and their analysis in order to
select the best available technology in accordance with the selection criteria.
We used the analytic hierarchy process to determine the most multi-operated
and effective processing method of faecal sludge dewatering. The final
ranking for each dewatering technology was based on the global weights of
10 criteria (dewatering efficiency, operation time, process automation,
required space, climate dependent, capital expenditures, operating costs,
energy efficiency and environmental impact). The results identify
dewatering method with the highest priority result based on priority
eigenvalues of criteria.

1 Introduction
Faecal sludge (FS) generated in the individual residential sector is a natural product of human
activity. It is highly concentrated mixture of natural organic matter of various compositions
and is very different from municipal wastewater. Due to the high variability of the organic
matter composition, the design of the processing system should not be based on standard
characteristics, but on the results of laboratory tests obtained for each case [1,2,3,4].
Nowadays, there is much tension around the issue of collection, storage, treatment and
disposal of faecal sludge in the individual residential sector in the Russian Federation. At the
federal, regional and municipal levels, there is no adequate regulatory system and
management of such waste type. In most cases authorities try to solve the problem at the local
level, involving private companies for collecting and transporting of faecal sludge only if
*
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owner pays for this service. Moreover, the collected faecal sludge is discharged to sewage
treatment plants or worse to a water body or on the ground. Thus, enormous damage is caused
to the environment that, at the moment, cannot be estimated due to the lack of a monitoring
system [1,5,6].
To solve this problem, an integrated approach is required. It should include not only the
implementation of planning and management systems, but also the applicability of the
resource potential of faecal sludge using the best available technologies. From an economic
feasibility point of view, the most important problem is the reducing of transportation costs.
With this objective in view, the use of small semi-centralized plants for the primary
processing of faecal sludge generated in the individual residential sector allows to minimize
the FS volume and transportation costs [1,5]. Faecal sludge co-treatment with wastewater is
possible to optimize the technological process of FS treatment [4,7,8].
The most efficient method for minimizing the faecal sludge volume is dewatering. This
process leads to a decrease of the moisture content from 98% to 75% (that is tantamount to
an increase of the solids content from 2% to 25%). Moreover, the volume of dewatered faecal
sludge that must be transported for another treatment step will be 12 times less than the
unprocessed volume. That can significantly reduce transportation costs. [1,6]
This article analyzes the most common methods of faecal sludge dewatering, and also
makes a criteria comparative analysis to determine the most multi-operated and effective
processing method.

2 Materials and methods
2.1 The analytic hierarchy process (AHP)
In this article we used the analytic hierarchy process to conduct criteria evaluation to
determine the most multi-operated and effective dewatering method of faecal sludge.
The analytic hierarchy process (AHP) is a mathematical structured technique for complex
decisions. The method does not imply any “correct” solution, but allows interactively finding
the best decision consistent with the given problem essence and the requirements for its
solution. The analytic hierarchy process is used to compare objects, to solve management
problems, forecasting, etc [9].
The AHP generates a weight for each evaluation criterion (dewatering efficiency,
operation time, process automation, required space, climate dependent, capital expenditures,
operating costs, energy efficiency, emissions and process waste). The higher the weight, the
more important the corresponding criterion. Next, for a fixed criterion, the AHP assigns a
score to each dewatering methods (unplanted drying beds, planted drying beds, solar drying,
mechanical dewatering, geotubes) The higher the score, the better the performance of the
option with respect to the considered criterion. Finally, the AHP combines the criteria
weights and the dewatering methods scores, thus determining a global score for each method,
and a consequent ranking. The global score for a given dewatering method is a weighted sum
of the scores it obtained with respect to all the criteria [9].
Each criterion is expressed by an attribute. The larger the value of the attribute, the better
the performance of the dewatering method with respect to the corresponding criterion.
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2.2 Dewatering methods
2.1.1 Unplanted drying beds
Unplanted drying bed is a permeable layer where faecal sludge is dried by natural
evaporation. The site is filled with filter media, most commonly gravel is a bottom layer and
sand is a upper layer (Fig. 1). The bottom has a slope where the drainage system is located
[4,6,10].

Figure 1. Schematic of an unplanted drying bed [11]

Unplanted dying beds are operated in periodic mode. Faecal sludge is located on the
surface, liquid infiltrates through sand and gravel for several days. The bulk of solid fraction
remains on the surface. Approximately 50-80% of faecal sludge (volume) infiltrates as liquid
through the filter media or evaporates. Hence, dehydrated faecal sludge is removed from the
surface manually (by shovels) or mechanically (by scraper system or equipment), once every
few weeks or months depending on operating conditions [6, 8,10,12].
There is a disadvantage of this technology –regularly the filter media treatment before a
new process cycle. Moreover, faecal sludge has no effective stabilization or disinfection
[6,12].
Unplanted drying bed should have tent covers or roofs to protect from rain, otherwise the
dewatering process will be ineffective [6,8].
2.1.2 Planted drying beds
The ongoing process is similar to the process occurring on a standard drying beds. But
difference is that there is plants cultivation on planted drying beds (Fig. 2). Plants selected
for a specific climate. Moreover, there is additional evaporation and more efficient faecal
sludge dewatering instead of standard drying beds. The filter material does not need to be
cleaned after each feeding/ drying cycle [6,7,8].
Planted drying bed must be acclimatized oneself for at least three months before faecal
sludge loading. Raw material can be laid directly on the previous layer. Plants and their root
systems maintain the filter porosity. They must be collected from the site in accordance with
the growth cycle [4,6,8,14].
Studies [8,14] demonstrate that plant growth accelerates with increasing loading
frequency of planted drying bed. Plant growth can have a significant impact on both site
performance and the potential use of end product.
Extended period of dewatering time can lead to increased inactivation of helminth eggs.
Before using of faecal sludge after treated on planted drying beds in agriculture, it is
necessary to realize a composting process [14].
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Figure 2. Schematic of a planted drying bed [13]

2.1.3 Solar drying
Solar drying is the process of moisture removing by means of sunlight. There is a banch
process. A special textiles (geotextiles) and a perforated layer are added for dewatering
between the layer of faecal sludge and sand (Fig. 3).

Figure 3. Solar drying process [16]

This will ensure preventing of layers mixing and improving the process efficiency of
dewatering and filtration [3,4,15].
The intake of rainwater can significantly reduce the rate of faecal sludge dewatering.
Therefore, a transparent roof should be provided above the site for optimal removal of
evaporated moisture. The roof surface must be made of durable plastic for optimizing the
sunlight penetration [3,15].
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2.1.4 Mechanical dewatering
Mechanical dewatering is usually carried out on a screw press (Fig. 4). Dewatered faecal
sludge must proceed to additional stage (for example, drying or composting) before usage as
organic fertilizer. Centrifuges, belt presses or filter presses may be used instead of a screw
press, but this machines is less efficient [4,7,8,17].

Figure 4. Screw press for sludge dewatering [17]

The main disadvantage of this method is a coagulant (polyelectrolyte) demand to stabilize
the dewatering process as well as to increase its effectiveness. The results show that
conditioning does not increase dewatering rate, but increases moisture reduction rates
[8,17,18,19].
Not only polymeric materials can be used as conditioners for faecal sludge, but also waste
from local plant resources (for example, seeds, oilcake or chitosan). They are as effective as
polymers for dewatering sewage sludge [18].
The M. Oleifera seeds, oilcake and chitosan are natural organic materials that can increase
the useful properties of the end processed products, such as nutrient content (C, N, P) and /
or calorific value while inorganic polymers reduce the calorific value and fuel potential
[18,20].
2.1.5 Geotubes
Geotubes are highly effective because of they capture up to 98% solids. Geotextile is a
permeable textile made of polyethylene fiber. It has capability to infiltrate moisture and, thus,
dewatering process of faecal sludge is more effective that proceeding on drying beds. The
filtrate is collected and purified. The process proceeds inadvertently, under the gravity, has
no mechanical parts, and it is noiseless (Fig. 5). Therefore method is potentially suitable for
decentralized FS processing. Additional external heat accelerates the faecal sludge
dewatering [6,7,8,22,23].

Figure 5. Dewatering with geotube technology [21].
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A polymer is added to faecal sludge to precipitation increase and avoid clogging of the
geotextile layer. For this purpose, study [22] demonstrates usage of chitosan obtained from
shrimp waste. It turned out to be quite effective in the dewatering of faecal sludge from septic
tanks and sewage sludge, but ineffective for faecal sludge from pit latrines.
The geotubes can increase the processing intensity and reduce the required area for
dewatering at treatment plants [22]. There is a disadvantage: geotubes become a waste
themselves after filling the entire volume with solids [6,7,8,22].

3 Results and discussions
The analytic hierarchy process is associated with a consistency ratio. Assuming that there are
ten criteria (dewatering efficiency, operation time, process automation, required space,
climate dependent, capital expenditures, operating costs, energy efficiency, emissions and
process waste) (Table 1) and five dewatering methods, the weights of the criteria are first
computed through pairwise comparisons. (Table 2).
Table 1. Criteria definition

Dewatering
efficiency (DE)
Operation
time
(OT)
Process automation
(PA)
Required space(RS)
Climate
dependent(CD)
Capital
expenditures (CE)
Operating
costs(OC)
Energy efficiency
(EE)
Emissions (E)
and
Process waste
(PW)

The maximum moisture removal from fecal sludge due to the
dewatering process
Process time of dewatering
Applicability of automated units for fecal sludge feeding, for
removing of dewatered sludge from the unit, for liquid discharge
The area required for main unit and supporting facilities
Climate and weather effects (rain, drought, cold temperatures,
etc.) on the dewatering process effectiveness
Costs of the site construction and the purchase of equipment,
including supporting facilities
Costs of chemicals, purchase of plant seeds, geobags, air supply,
etc.
Energy consumption of main unit and supporting facilities
Environmental impact includes two criteria: air emissions and
waste generation (plant waste, used geobags, etc.). This work does
not consider the environmental impact of generated wastewater,
since most commonly they are treated at the nearest wastewater
treatment plant

The criteria must be evaluated in pairs so as to determine the relative importance between
them and their relative weight to the global goal. Table 2 shows the relative weight data
between the criteria that have been determined. In order to interpret and give relative weights
to each criterion, it is necessary to normalize the previous comparison matrix. The
normalization is made by dividing each value by the total column value (Sum). The
contribution of each criterion to the organizational goal is determined by calculations made
using eigenvectors. Eigenvector indicates the relative weights between each criterion. it is
obtained in an approximate manner by calculating the mathematical average of all criteria.
The RI (Retention Index) is fixed and is based on the number of evaluated criteria (10),
the value is 1.49. The maximum eigenvalue (λmax) is calculated by summing the product of
each element in the Eigenvector by the respective column total (sum) of the original
comparison matrix. The Consistency Index (CI) is defined as minimum number of changes
divided by the number of changes required on the parsimony score. In order to verify whether
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the consistency index (CI) is adequate, it was suggested [9] the consistency rate (CR), which
is determined by the ratio between the consistency index (CI) and the random consistency
index (RI). The matrix will be considered consistent if the resulting ratio is less than 0.15
(15%).

DE

E

OT

CD

CE

OC

EE

RS

PW

PA

Geometric
means

Eigenvectors

Table 2. Evaluation of criteria eigenvectors

DE

1

3

5

5

4

4

7

8

8

8

4.606 0.287

E

0.33

1

3

5

6

7

7

8

8

9

3.911 0.244

OT

0.2

0.33

1

2

4

5

5

7

7

8

2.352 0.147

CD

0.2

0.2

0.5

1

2

3

3

4

5

7

1.480 0.092

CE

0.25 0.167

0.25

0.5

1

2

4

6

7

7

1.285 0.080

OC

0.25 0.143

0.2

0.33

0.5

1

3

5

6

5

0.939 0.059

EE 0.143 0.143

0.2

0.33

0.25

0.33

1

4

5

3

0.606 0.038

0.25

0.167

0.2

0.25

1

3

5

0.384 0.024

0.2

0.143

0.167

0.2

0.33

1

4

0.279 0.017

0.143

0.2

0.33

0.2

0.25

1

0.200 0.012

RS 0.125 0.125 0.143
PW 0.125 0.125 0.143

PA 0.125 0.111 0.111 0.143
Total
2.748 5.344 10.547 14.753
(Sum)
RI 1.49

18.203 22.897 30.78 43.53 50.25

57 16.042

λmax

11.587

Consistency index (CI)

0.176

Consistency rate (CR) 0.118
Then, all of dewatering methods are pairwisely compared with respect to each criterion
and set out in separate tables using the scale. The sum of each row is computed, normalised,
then placed in the last column and labelled local weights. The column is used to build a new
table with the criteria set out along the top row and dewatering methods build the left-hand
column (Table 3). The value in each cell of each column is multiplied by the weight of the
criteria associated with the columns and each of dewatering methods, and the sum of each
row is computed. The computed numbers are set out in the last column of the final table,
which represents the level of attention that should be paid to the alternatives or global
weights. As a result, the final ranking for each dewatering technology is based on the global
weights.
The Consistency Index (CI) is defined as minimum number of changes divided by the
number of changes required on the parsimony score. The Consistency Rate (CR) (Table 3) is
based on priority eigenvalues and the consistency index of each method. The Generalized
Consistency Rate (GCR) is the ratio CR to RI. Since the Generalized Consistency Rate value
(0.066) is less than 0.15 (or 15%), the comparisons are confirmed.
Thus, using the analytic hierarchy process, we determined that mechanical dewatering is
the most multi-operated and effective dewatering method of faecal sludge. Despite the low
energy efficiency, significant capital expenditures and great ttechnological infrastructure, this
method is most acceptable due to the best dewatering efficiency, low emissions, process
automation and does not depend on climate conditions.
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Priorities
eigenvalues
Mechanical
dewatering
Geotubes
Planted
drying beds
Unplanted
drying beds
Solar drying
Consistency
index (CI)
Consistency
rate (CR)
Generalized
consistency
rate (CR)

Final Priority
Results

PA

PW

RS

EE

OC

CE

CD

OT

E

DE

Table 3. Final priority evaluation of faecal sludge dewatering methods

0.287 0.244 0.147 0.092 0.080 0.059 0.038 0.024 0.017 0.012
4.580 3.677 4.474 5.156 0.195 0.214 0.220 0.402 0.729 5.665 3.469
2.339 0.537 2.277 1.904 1.420 1.182 1.585 0.564 0.241 1.000 1.585
0.844 0.436 0.807 0.536 2.087 2.352 2.237 2.012 1.947 0.740 0.998
0.411 0.295 0.446 0.536 3.936 3.545 2.237 3.882 2.631 0.561 1.059
0.268 0.833 0.271 0.354 0.491 0.474 0.574 0.564 1.105 0.425 0.479
0.124 0.056 0.130 0.072 0.163 0.097 0.052 0.052 0.047 0.041

0.098
0.066

4 Conclusions
Based on the the analytic hierarchy process to determine the most multi-operated and
effective dewatering method of faecal sludge (unplanted drying beds, planted drying beds,
solar drying, mechanical dewatering, geotubes), the highest priority result (3.469) was
determined for the mechanical dewatering process. Principally, it is link with high dewatering
efficiency, the rapid operation time, as well as the possibility of process automation and low
environmental impact. Moreover, this technology requires the smallest operating areas and
does not depend on climatic conditions. At the same time, mechanical dewatering has some
disadvantages relative to other processes: the need for great technological infrastructure and
the reagents usage, as well as high capital and operating costs.
The lowest total points (0.479) was determined for solar drying. It is link with high
depending on climate conditions, as well as the lack of process automation.
In conclusion, one should be guided by the end product proceeded from faecal sludge
when making a selection of technologies. It is also worth considering local climatic
conditions, on-site installation features, capital and operating costs. The accumulation place
features of faecal sludge also important: FS from the septic tank has a higher humidity, while
FS from the pit latrine has high solids content. In any case taking into account all the priority
factors, it is possible to select the optimal technology for a specific area taking into account
environmental, economic and technological features.
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