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Sanitation in developing countries =
mixed options and technologies
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Partially sewered cities

» Business centre of large cities with
high water consumption rate

Lack of treatment sites and
wastewater treatment plants

Discharge of wastewater into
natural water bodies and open
canals

Cities without sewers

» Represent more than 90% of cities in
developing countries

Are very heterogeneous in urban
infrastructure

Often lack of financial and human
resources for sanitation development and
upgrading
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Sanitation in developing countries
= mixed options and technologies

Onsite FS*
sanitation produced
coverage (%) | (m3/day)

Treated | Volume of
FS (%) @ Trucks (m3)

Population

Cities (million)

Hainoi 2.5 30 250 ? 44
Danang 0.6 90 270 ? 33
Kumasi 1.5 99 500
Ouagadougou 1.2 99 600
Dakar 25 60 1300
Bangkok 8 40 4600

*1 L FS = 100 L wastewater (solids content)

Daily volumes

Table 1: Daily per capita volumes, BOD, TS, and TKN quantities of different types of faecal
sludges. {Heinss et al., 1998)

Public toilet Pit latrine
Parameter Septage ' sludge ! sludge ? Fresh excreta

BOD [g/cap-day] 1 16 8 45

TS [glcap-day) 14 100 90 110

TKN [g/cap-day] 0.8 10

Volume [l/cap-day] 2 0.15=-0.20 1.5
(includes water (faeces and
for toilet urine
cleansing)

' Estimates are based on a faecal sludge collection survey conducted in Accra, Ghana.

2 Figures have been estimated on an assumed decomposition process occurring in pit latrines.
According to the frequently observed practice, only the top portions of pit latrines (~ 0.7 ...

1m) are presumed to be removed by the suction tankers, since the lower portions have often
solidified to an extent that does not allow vacuum emptying. Hence, both per capita volumes
and characteristics will range higher than in the material which has undergone more extensive
decomposition.
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FS characteristics

Public toilet sludge Septage Sewage

Characterisation Highly concentrated, FS of low concentration; Tropical sewage
mostly fresh FS; usually stored for
stored for days or several years; more
weeks only stabilised than public
toilet sludge
COD (mg/l) 20,-50,000 <10,000 500-2,500
COD/BOD 21...6:1 5:1...10:1 2:1
NH,-N (mg/l) 2,-5,000 <1,000 30-70
IE} 23.5% <3% <1%
SS (mg/l) 230,000 = 7,000 200-700
Helminth eggs (no./litre) 20,-60,000 =4,000 300-2,000

Table 3: Characteristics of faecal sludges and comparison with tropical sewage. (Adapted from:
Heinss et al., 1998, p. 4)

On-site sanitation :
the (hidden) reality

Lack of regulations, illegal dumping and
use of untreated FS
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Latrines without FSM :
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» Manual emptying (70%)
*  Dumping in the street,
* Reuse in agriculture

So what should the
treatment be ?

Performances et challenges
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The system of faecal sludge
and wastewater

Periphery or irregular settlements Inner-cit>

Hragirious
OUEIng

On-site.  non-
dfsposaﬂatarﬁght On-site On-site partial or complete
watertight treatment (e.g. septic tank)

potential tank
groundwater pollution

in the nighbourhd Adequate dumping site

potential groundwater pollution

Manual Emptying Mechanical Emptying
Advantages + Accessibility + Fast, and generally efficient

+ Local job creation and + Minimizes health risk
income generation

Disadvantages - Time consuming - Low accessibility

Health hazard for workers - Expensive capital and O&M
costs (which is passed onto
Hard, unpleasant work

the customers)
MAPET requires some

specialized repair (welding) = & TG L I i

sludge (must be manually
Requires a disposal point or removed)

discharge area (< 0.5 km) - Pumps usually only suck

Spillage and bad odors down to a depth of 2-3 m

Sandec Training Tool
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Conventional drying beds

Livraison des boves

STOCKAGE boues séchées

DES BOLES hydirisées agindhure

IT DE
Risenvi SECHAGE a4
de récaption -:_-'-{ ‘ '

o eau de
mﬁgum wu fmikée anfacs

Conventional drying beds

Cross section A-A

tuyau de drainage

Sludge layer 30 cm Cross section B-B

Sand layer 10 cm; d = 0.2 - 0.6 mm
B Gravel layer 10 cm; d = 7-15 mm
B Gravel layer 20 cm; d = 15-30 mm
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Sludge application depth: ~25-30 cm
TS loading: ~100-200 kg TS/m**a

Shudge kayer 30 om
Sand layer 10om; d = 0.2 - 0.6 mm
B Gewvel laywe 10 cmed = 715 men
M Gemvel layer 20 cmg d = 15:30 mm
Percolate quantity: ~50-80% of FS volume

Drying period to attain 40% solids
content: ~8-12 days (dry weather)

Land requirement: ~ 0.05 m?/cap (assuming a 10-day cycle)

- Both, percolate and biosolid need further treatment |

Co-composting Kumasi pilote (Ghana),

Dried faecal sludge + household waste

drying lagoon e
I -

drying bed ?

Raw faecal sludge ——#————#

+ Stabilisation et hygienisation in one treatment
* Needs « clean » operation

SAGE_2020_ms



SAGE_2020_ms

Municipal solid waste Mixing ratio:
p— 1:2to 1:10

Thermophilic
Co-composting

90 days is long
enough for the
inactivation of all
helminth eggs.

Faecal sludge

valuable soil
conditioner-
cum-fertilizer

Safe reuse in agri;.

Heap 1, turned when temp > 60
Heap 2 turned each 10 days

Temperature (C)

- - - - Heap11 Heap12
Heap21 - - - - Heap22

Temperature (C)

Windrow temperature > 45 °C
during 4-6 weeks

Ascaris Eggs per gTS
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Load M 100-200 kg MS/an
Load V 20-30 cm par cycle
Design 0.05 m#/hbt.

Drying time 7 - 14 days

Volume biosolides ~1 %

R MES 295 %
R DCO 70-90 %
R N tot 40-60 %
R Helminthes 100 %

the filtration is badly impacted by low quality substrate and
fresh sludge

Obtained from co-composting of faecal sludge and domestic waste

Buobai Litterature data

Reference
Cocompost (% of dry weight)

Constituent

Nitrogen 13-1.6 Shuval et al. (1981)
(as N) I . 1.3 Obeng and Wright (1987)
0.35-0.63 Kim, S.S. (1981)
0.45 Byrde (2001)°

Phosphorus 0.6 -0.7 Shuval et al. (1981)
(as P205) ’ 0.9 Obeng and Wright (1987)
Kim, S.S. (1981)

Potassium b Shuval et al. (1981)
(K20) d Obeng and Wright (1987)

Org. matter Kim, S.S. (1981)
(% TVS)

Shuval et al. (1981)
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Reed bed filters - AIT Bangkok

Land requirement:
~ 0.03 m¥/cap

Filter bed

Large gravel (d=20mm): 25 cm
Fine gravel (d=5mm): 25 cm
Sand: 10 cm

Operation

Application rate: up to 250 kg/m?2fyear
Application frequency: 1-2/week
Desludging period: 2-3 years

Vegetation
cattails, reeds
or bulrushes

(~ 8 shoots/m2)

..\

Hollow concrete blocks
Perforated PVC pipes

Percolate and biosolids usually need further treatment

Depends on sludge contamination and local discharge regulations
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Biosolides accumulated within
roots of Typha

substrate

-Coarse gravel (d=5 cm): 45 cm
-Mean gravel (d=2 cm): 15 cm
-Sand (d=0.1 cm): 10 cm
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Hydraulic load 45 m
Sludge
accumulation 0.55m

Surface needed
-0.03 m?#habt

N
S
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Exploitation (pour BV Bangkok)
-Load: 125 - 250 kg TS/m**y
-Frequency: 1 - 2/weeks
-Retention percolat: 2-6 days
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Root systems (rhizomes) make it possible to preserve the
permeability and thus the capacity of dehydration of the beds
during several years

Plants evapotranspiration reinforce dehydrataion
Stabilisation and dehydration of the biosolides in “one” stage

of treatment

Low frequency of draining of the beds is prolonged since the
cycles of loading of muds extend over several years

Plant growth need an special attention (hydrological
assessment)

Percolat: need for postprocessing according to the case
Adapted in wet tropical climate; not tested yet in arid area

N

H2o0
Balance

Balance

Dried sludge (~2 %)
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So what could the
organization be ?

The current money flow is balanced if

Goprtiial] o 75 % of the sanitation tax is recycled
15€ into the system.

t

Pit emptying fee
Treatment cost

14 €
Sanitation tax

Discharge
premium
65€
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Total annual cost

Drying beds
Settling pond, Buobai

Constructed wetlands

Settling ponds

Settling/ thickening tank

20 30

(20% uncertainty range) Cost (US$/tTS)

Couts des services de vidange

D’une maniere générale, les camions vidangeurs pratiquent tous des tarifs
qui varient entre 32 500 F CFA et 35 000 F CFA lorsque la fosse est
moyenne, soit de 6m3.

Les marges cependant ne sont pas significatives (autour de 2 500 F
CFA) pour les colts actuellement pratiqués.

Le tarif payé par le client ne constitue pas seulement la rémunération de
I'entreprise. |l comprend aussi :
* la rémunération des intermédiaires éventuels (a 1 625 F CFA),
* la redevance a payer a la station de lagunage (5 450 F CFA/ 6 m3 +
18 % de TVA),
* une taxe municipale pergue par la commune ou est installée la
station de lagunage.

L’investissement pour un camion est autour de 14 millions de FCFA. La
marge bénéficiaire brute d’une entreprise exploitant un camion semble
relativement faible :16 % du chiffre d’affaires.
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‘ TABLEAU 8. Aide d lo décision pour le choix des technologies du rhaillon intermédiaire de l'assainissement njn collectif

§ TECHNIQUES
| POSSIBLES

Vidunge

Seau +
charrette
citeme

§ DuRe
§ DEVIE EFFIcACTE
£ aws) |

Ravon
'ACTION

INVESTISSEMENT |

iIT ANNLEL

PAR EQUIPEMENT D'EXPLOITATION PAI

ENE

300-1000

| [QUIPEMENT EN €

| lonceeTioN
CONSTRUCTION
i E&M

manuelle +
charrette
cifeme

Ruelles

Flevée ®

400-1000

Vidunge
mécanique

Motopompe
+ charretfe
cifeme

Ruelles

Flevée ®

1000-2000

150-1000

Faible

Camion de
vidange

Voies

£ canossables ¢

>5km 1020% Flevée®

10000 - 50000

100010000
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To you it's Shit, To us s
BREAD & BUTTER:
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https://www.eawag.ch/en/department/sandec/publications/fsm-book/
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