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A - Introduction, Background and Project Aims 

A-1 Water-Biotech project 

At least 13 African countries suffered water stress or water scarcity in the late 20th century 
and this number is expected to double by 2025. African countries are facing a real problem. 
For example, in Egypt, serious water shortages have led to reused treated water in 
agricultural drainage water to meet the growing demand for water in agriculture. As in other 
countries, the main factors affecting water supply in Africa are the growth in domestic 
consumption of drinking water and sanitation. In 2000, about 62% of Africans had access to 
quality water. But rural Africans spend much time fetching water (Figure A1). 
 

 

Figure A1: Access of drinking water in rural parts of Africa  

 
28% of the world population who do not have access to safe drinking water live in Africa. 
The poor water supply and lack of hygiene facilities explains the high rates of disease 
incidence related to water. About 3 million Africans die each year from these diseases. The 
poor water supply and sanitation lead to water contamination (Figure A2). 
 

 

Figure A2: Water samples for chemical and bacterial analysis in Africa (Anokoua Koute)  

 
Thirty years ago it was proposed that water pollution in some African countries did not raise 
serious problems however, urbanization and industrialization have intensified and have led 
to a wider use of pesticides for agriculture and health. The result has been the emergence in 
some countries of acute local problems, including destruction of animals such as fish. There 
are other less obvious problems but we do not know the extent of these as few studies have 
been conducted on this subject, either in the laboratory or in the field. 

http://www.google.fr/imgres?q=eau+afrique&hl=fr&biw=2143&bih=1075&tbm=isch&tbnid=L4s3KJsDD4qNKM:&imgrefurl=http://www.consom-acteur.com/eau-vive.html&docid=Y_cSp6Hr4j8zhM&imgurl=http://image.consom-acteur.com/album/Eau_Vive_Puit.jpg&w=400&h=276&ei=0aOTUOG4OurN0AW854GoBA&zoom=1&iact=hc&vpx=185&vpy=359&dur=21&hovh=186&hovw=270&tx=158&ty=120&sig=107992554551656051160&page=2&tbnh=136&tbnw=203&start=62&ndsp=71&ved=1t:429,i:315
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In general, the main sources of pollution are wastewater, wastewater effluents and other 
waste spillages resulting from the production and processing of agricultural and forestry 
products or from industrial plants including textiles, leather, coffee, sugar, sisal, pulp and 
paper. In specific cases, wastes from tanneries contain chromium and copper as well as 
other minerals that are of particular importance in one or two countries. 
 
WATERBIOTECH is an initiative that will contribute to managing this water scarcity in Africa 
by providing relevant stakeholders access to the know-how in biotechnologies as well as 
good practices and management solutions adapted to their local conditions for the 
sustainable management of polluted water resources. 
 
The integrated approach of WATERBIOTECH takes into consideration that different aspects 
influence the availability to water resources and that only a holistic vision can provide 
effective solutions to enhance water management in African countries. Environmental and 
health concerns, as well as socio-economic aspects such as households income, water 
consumption patterns, irrigation methods or interests in water resources of different 
stakeholders must be taken into account in the proposal of solutions. For that reason, 
WATERBIOTECH will provide solutions based on a deep analysis of the current situation in 
the targeted countries, and cost-benefit analyses developed during the project considering 
the specific requirements of the local regions. 
 
WATERBIOTECH outputs will enhance the decision making process by providing guidelines 
and materials that support stakeholders to implement cost-effective and sustainable 
solutions adapted to the reality in their regions. 
 

A-2 Results of WP2 

The resources for the treatment of polluted water can play an important role in addressing 
the challenge of water scarcity in developing countries. Therefore, a study was conducted to 
evaluate the existing biotechnologies used for safe water and wastewater treatment, the 
organisational structure, operation of institutions and the users of wastewater treated in 
different countries in Africa. 
In this work package2 (WP2) of the WATERBIOTECH project, questionnaires were sent to 
targeted African countries to better understand and report their wastewater treatment 
practices. The target countries and the organisations involved in this study were: Ghana 
(IWMI), Burkina Faso (WSA), Morocco (UCA), Senegal (UCAD), Algeria (CDER), Tunisia (CITET 
and CBS) and Egypt (NRC).  
 
Three different questionnaires in three different languages (English, French and Arabic) were 
prepared and data collection was done through interviewing key stakeholders of water and 
sanitation as identified by each of the local partners sector.  
As a result of this evaluation, best water treatment practices within the targeted countries 
were identified. After the analysis of the collected information and as a result of the 
evaluation, best water treatment practices within the targeted countries were identified and 
some conclusions are reported. The African countries that carried out the questionnaires 
have been divided in three main areas: 
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A-2.1 Senegal, Burkina Faso, Ghana 

For these countries the results are given in Table A1. 

Table A1: WP2 results for Senegal, Burkina Faso and Ghana 

 
 
For these countries, the percentage of sanitation is very low between 6 and 69% the number 
of wastewater treatment plants is small (6 for Senegal). The WWTP are preferably Lagoon, 
activated sludge. 
 
Improvement of the sanitation in the first instance would be by (i) on-site storage and 
treatments, (ii) flush toilets, (iii) septic tanks or (iv) leach fields. For these countries, it is 
necessary to develop functional WWTP with an average size, using aerated sludges or 
lagoon, before it will be possible to evaluate and develop potential innovative 
biotechnologies. 

A-2.2 Egypt 

For this country, the results are given in Table A2. This country is treated alone because the 
wastewater treatment and the drinking water production are the main problem of this 
country as mentioned in the last line of Table A2. In agreement with the Egypt report, the 
problem is not only the WWT but also the drinking water production: a lot of the values 
concern the drinking water production plant. The percentage of sanitation is lower than 85% 
and the main treatment plants are lagoon and aerated sludges. Tertiary treatment 
development to obtain a quality of water suitable for use in irrigation is desired by an 
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intensification of process: (i) to increase the WWT, (ii) to treat the industrial wastewaters or 
(iii) to use Membrane Bioreactor and/or Reverse Osmosis (RO). 
 

Table A2: WP2 results for Egypt 

 
 

A-2.3 Morocco, Algeria, Tunisia  

For these countries, the results are given in Table A3. In these countries, the percentage of 
sanitation is very important (higher than 86%) everywhere and so the number of wastewater 
treatment plants is very important. Lagoon, aerated lagoon and activated sludge are the 
main wastewater treatments. At the opposite, the formation, the maintenance operation, 
the technical problems and the power shortage or power outage are the main problems 
concerning good treatment. They would like to develop tertiary treatment to obtain a 
quality of water suitable for use in irrigation or to meet the standard in terms of salinity and 
microorganisms. 
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Table A3: WP2 results for Algeria, Morocco and Tunisia 

 

 
 

A-2.4 WP2 Conclusions  

The results show a clear gap between Saharan and Sub-Saharan countries particularly in the 
sanitation coverage. The sanitation coverage is practically 100% in the urban areas and 
above 86% (except for Egypt) in the rural areas of all North African countries. This value 
drastically decreases to about 50-60%, except for Ghana which is much lower, in the urban 
areas and to about 10% in the rural areas for the West and Sub-Saharan African Countries 
investigated. 
But all African Countries have in common the use of two main water process treatments: 1) 
Lagoon Systems and 2) Activated sludge. However, the water treated as well the numbers of 
plants in North African Countries are much higher, million m3 yr-1 and more than 100 WWTPs 
respectively, than the ones in West and Sub-Saharan Countries. 
 
The exemplary results from above show that for: 

- identified and evaluated of the potential innovative water treatment biotechnologies 
for the targeted countries 

- realized the guideline for appropriate techniques to the targeted regions 
- calculated the cost and the benefit 

Additional information is needed. 
 
Also, alternative new technologies need to be assessed for these cost components for 
comparison. Based on the experience from the data survey in Task 2.1 an additional 
questionnaire (Table A4) was developed to get more insight in the local condition for the 
suggestion of alternative technologies. 
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A-3 Aims of Deliverable  3.7 

 
The aims of the deliverable are for the targeted countries to: 

- Identify and evaluate the potential innovative/adapted water treatment 
biotechnologies 

- Realize a guideline for the selection of appropriate biotechnologies adapted to the 
targeted regions. 

 
Before presenting in more detail the outline of these deliverables, it is necessary to explain 
that for the targeted African Countries the aim is not to identify and to evaluate the 
potential of innovative wastewater biotechnologies but to identify and to evaluate the 
potential of adapted wastewater biotechnologies. This notion is very important when the 
percentages of sanitation or the problem in the WWTP are put in light. 
 
So in the first instance, the biotechnologies for wastewater treatment will be presented with 
a short description, the range of operating conditions and the evaluation criteria for 
wastewater treatments. 
 
In a second step, the guideline for the selection of appropriate biotechnologies adapted to 
the targeted regions will be described and a presentation of logistical, technological, legal, 
environmental, health and organizational aspects and an evaluation of these Biotech 
considering these aspects will add. 
 
The results obtained from the additional questionnaire and the biotechnologies used and 
proposed will be presented. In the last part, three adapted biotechnologies for targeted 
countries will be introduced, taking into account the challenges of these countries (Increase 
the quality and the quantity of the reuse): (i) MBR, (ii) aerated lagoon: Oxylag and (iii) RO 
after biotechnologies. 
 
At the end a conclusion will present the next steps of the WP3: the readjustment of the 

financial and the cost benefit measures to the real need and requirement. 
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Table A4: Additional questionnaire develope d to get more insight in the local condition 

for the suggestion of alternative technologies  

 

WATERBIOTECH  SEVEN FRAMEWORK PROGRAMME

Questionnaire for WP 3 - Task 3.1

WP 3 - Task 3.1 Criteria for evaluating appropriateness of the technologies

Q1 Water/wastewater plant:

Municipal Industrial

Activated Sludge Anaerobic Baffled Reactor

Natural lagoons Advanced Integrated Ponds

Aerated Lagoons Trickling filters

Anaerobic Filter Horizontal Flow Constructed Wetland

Aerated Ponds Primary sedimentation

Membrane Bioreactor Free-surface Constructed Wetland

Anaerobic Digestion Biogas Settlers

Oxidation Ponds

Q2 wastewater parameter

Inlet outlet

Average/design Flows (m3/Days)

Total Suspended Solid (mg/L) Total Suspended Solid (mg/L)

COD (mg/L) COD (mg/L)

BOD5 (mg/L) BOD5 (mg/L)

Hydrocarbon (mg/L) Hydrocarbon (mg/L)

Ammonia (N-NH4
+
) (mg/L) Ammonia (N-NH4

+
) (mg/L)

Nitrate (N-NO3
-
) (mg/L) Nitrate (N-NO3

-
) (mg/L)

Total N (mg/L) Total N (mg/L)

Kjeldahl Nitrogen (mg/L) Kjeldahl Nitrogen (mg/L)

Phosphorus (Total P) (mg/L) Phosphorus (Total P) (mg/L)

Chloride (Cl
-
) (mg/L) Chloride (Cl

-
) (mg/L)

Potassium (K
+
) (mg/L) Potassium (K

+
) (mg/L)

Magnesium (Mg+) (mg/L) Magnesium (Mg+) (mg/L)

Calcium (Ca
2+

) (mg/L) Calcium (Ca
2+

) (mg/L)

Sodium (Na
2+

) (mg/L) Sodium (Na
2+

) (mg/L)

Total alcalinity (mg/L) Total alcalinity (mg/L)

Copper (mg/L) Copper (mg/L)

Zinc (mg/L) Zinc (mg/L)

Lead (mg/L) Lead (mg/L)

Chromium (mg/L) Chromium (mg/L)

Nickel (mg/L) Nickel (mg/L)

Cadmium (mg/L) Cadmium (mg/L)

Iron (mg/L) Iron (mg/L)

Aluminium (mg/L) Aluminium (mg/L)

Mercury (mg/L) Mercury (mg/L)

Manganese (mg/L) Manganese (mg/L)

pH pH

Temperature (°C) Temperature (°C)

Conductivity (mS/cm) Conductivity (mS/cm)

Inhabitant equivalent (-) Inhabitant equivalent (-)

Q3 Sludge

Quantity of sludge produced (kg/days)

Q4 Reuse of treated water (yes/no)

Other: indicate it

PROCESS

Organic matter

Inorganic matter

Metals

WWTP (actual)
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B- Biotechnologies for Wastewater Treatment  

B-1 Description of the wastewater treatments  

B-1.1 Activated sludge system  

The activated sludge systems consist of aerated tanks in which flocs of bacteria are 
suspended and mixed with wastewater. The bacteria degrade organic pollutants to grow and 
transform it to energy, water, CO2 and new cell material. Activated sludge systems are 
suspended-growth type and are used in conventional high-tech wastewater treatment plants 
to treat almost every wastewater influent as long as it is biodegradable. A physical pre-
treatment unit, a post-settling unit (a clarifier) from which activated sludge is re-circulated to 
the aerated tank, and excess sludge treatment, are necessary. The process is highly 
mechanized and thus mainly adapted for centralized systems where energy, mechanical 
spare parts and skilled labour are available. Provided that reactor is well operated, a very 
good removal efficiency of organics and suspended solids can be achieved, though pathogen 
removal is low. 

Activated sludge systems are highly efficient for organic matter and nutrient removal, 
though pathogen removal is low. As treatment occurs by biological processes, activated 
sludge could be considered as a naturally based technology. Nevertheless, it does not fit the 
definition entirely because of the need for high energy inputs that make the technology 
expensive to operate and maintain (Rose, 1997). As the system is also of high complexity and 
strongly mechanised, it is mainly adapted for centralised systems where energy, mechanical 
and technical spare equipment and skilled staff are available. This implies the construction of 
long distance sewage channels and the availability of highly skilled and well-trained staff, 
constant electricity supply, technical equipment (e.g. spare parts, monitoring appliances), 
the funding for all of this, and well-organized management system. Therefore, the 
technology is suited for the treatment of large volumes of wastewater of 10000 up to 1 
million population equivalent (SANIMAS 2005; TILLEY et al. 2008). The overall process of the 
activated sludge system, if well-functioning, is highly efficient for the removal of both 
settable (physical primary treatment) and dissolved, colloidal and particulate organic matter 
and nutrients (biological removal in the activated sludge) in almost every climate, though 
pathogen removal is low. 

 

B-1.2 Membrane Bioreactor  

Membrane bioreactor (MBR) combines a membrane process like microfiltration or 
ultrafiltration with a suspended growth bioreactor, and is now widely used for municipal and 
industrial wastewater treatment with plant sizes up to 80,000 population equivalent. The 
MBR process will be presented more in details in section D ς Innovative technologies. 

 

B-1.3 Sequential Batch reactor  

The activated sludge process can also be operated in batches, where the different conditions 
are all achieved in the same reactor but at different times (UNEP & MURDOCH 2004). This 
type of reactor is called sequential batch reactor (SBR). The treatment consists of a cycle of 
five stages: fill, react, settle, draw and idle.  
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Figure B1: Operating sequence for SBR 

 
During the reaction type, oxygen is added by an aeration system. During this phase, bacteria 
oxidize the organic matter just as in activated sludge systems. Thereafter, aeration is 
stopped to allow the sludge to settle. In the next step, the water and the sludge are 
separated by decantation and the clear layer (supernatant) is discharged from the reaction 
chamber (METCALF & EDDY 2007). At least two tanks are needed for the batch mode of 
operation as continuous influent needs to be stored during the operation phase. Small 
systems (e.g. serving small settlements) may apply only one tank. In this case, the influent 
must either be retained in a pond or continuously discharged to the bottom of the. SBRs are 
suited to lower flows because the size of each tank is determined by the volume of 
wastewater produced during the treatment period in the other tank (UNEP & MURDOCH 
2004; WSP (2007); U.S. EPA 1999). 
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B-1.4 Aerated lagoon/pond  

Aerated ponds or lagoons are ponds where natural oxygenation is enhanced by mechanical 
air injection to achieve high rates of organic degradation and nutrient removal. There are 
two types of aerated ponds: 

 
ω Aerated facultative ponds or lagoons (see also waste stabilization pond systems). 
ω Completely mixed aerated ponds or lagoons. 

 

Figure B2: Schematic view of an artificially aerated facultative lagoon (partially mixed) . 

Source: adapted from TILLEY et al. (2008) 

 
The design of aerated facultative pond is very similar to that of facultative ponds, with an 
aerobic zone close to the surface and a deeper, anaerobic zone. But there are no 
requirements in term of surface area as the process is independent of photosynthesis. The 
two main design criteria are HRT (Hydraulic Retention Time) and depth. The HRT should be 
adopted in order to allow a satisfactory removal of BOD (biological oxygen demand) and is 
usually 4 to 10 days (VON SPERLING 2005) for organic loads of 20 to 30 g BOD/m3 day (SASSE 
1998). The depth of the pond should be planned keeping in mind the compatibility with the 
aeration system and the need of an aerobic layer of approximately 2 meters to oxidize the 
gases from the anaerobic decomposition of the bottom sludge. Lagoons are generally 
designed using empirical methods: a HRT of 4 to 5 days results in 70 to 90% BOD5 removal in 
a partially mixed aerated lagoon by power requirements of 4 W/m3 (ARTHUR 1983). 
 
Completely mixed aerated lagoons are essentially aerobic. The aerators serve not only to 
guarantee the oxygenation of the medium, but also to maintain the suspended solids 
(biomass) dispersed in the liquid medium. These systems are also called flow-through 
lagoons or CSTR (completely-stirred tank reactor) lagoons. Aerated ponds act similarly to 
aeration tanks in activated sludge processes. The main difference is that solids are not 
recirculated. Biomass and solids from the raw sewage are maintained together in 
suspension. A HRT of 4 days, resulting in 70 to 90% BOD5 removal, requires about 20 W/m3 
of energy (ARTHUR 1983). Aerated ponds have removal capabilities similar to facultative 
lagoons, except that nitrification of ammonia-nitrogen can be nearly completed in warm 
seasons, while cold weather will halt that process (EPA 2002). 

http://www.sswm.info/sites/default/files/toolbox/TILLEY 2008 Aerated Pond.jpg
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Completely mixed aerated lagoons should be followed by settling ponds (VON SPERLING 
2005). Aerators should be positioned carefully to avoid dead areas where solids are able to 
settle out. Small aerators rather than fewer large ones provide more evenly spread mixing, 
and rounded pond corners also help in avoiding dead areas (ARTHUR 1983). Clay, asphalt, 
compacted earth, or another impervious material should be used for construction to prevent 
leaching and infiltration into the groundwater. A protective berm or fence should also be 
built to protect the lagoon from runoff and erosion (TILLEY et al. 2008). 
 
Dissolved oxygen is present throughout much of the depth of aerobic lagoons. They tend to 
be much shallower than other lagoons, so sunlight and oxygen from air and wind can better 
penetrate the wastewater. In general, they are better suited for warm, sunny climates, 
where they are less likely to freeze. Wastewater usually must remain in aerobic lagoons from 
3 to 50 days to receive adequate treatment. 

 

B-1.5 Anaerobic Baffled reactor  

An anaerobic baffled reactor (ABR) is an improved septic tank, which, after a primary settling 
chamber, uses a series of baffles to force the grey, black or the industrial wastewater to flow 
under and over the baffles as it passes from the inlet to the outlet. The wastewater is 
introduced into the chamber at the bottom, leading to an enhanced contact with the active 
biomass which results in an increased retention and anaerobic degradation of suspended 
and dissolved organic pollutants. 
 

 

Figure B3: Schematic cross-section of an up -flow anaerobic baffled reactor (ABR)  

 
ABRs are typically applied in Decentralised Wastewater Treatment Systems (DEWATS), 
usually in combination with several other treatment steps. A typical DEWATS could be a five 
component system of first three anaerobic steps consisting of a biogas settler/digester; an 
ABR and an anaerobic up-flow filter; followed by an aerobic treatment unit such as a 
constructed wetlands and a maturation pond (WHO 2009). ABRs take advantage of the easy 
construction, low cost and strong resistance of septic tanks (SASSE 1998) but allow for much 
higher treatment efficiency. 

ABRs are a combination of the principles of septic tanks, moving bed reactors and up-flow 
anaerobic sludge blanket reactors.  
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B-1.6 Anaerobic reactor  

An Anaerobic Biogas Reactor is an anaerobic treatment technology that produces (i) a 
digested slurry to be used as a soil amendment and (ii) biogas which can be used for energy. 
Biogas is a mix of methane, carbon dioxide and other trace gasses that can be easily 
converted to electricity, light and heat. 

 

Figure B4: Schematic view of anaerobic dige ster  

This technology is easily adaptable and can be applied at the household level or a small 
neighborhood. Biogas reactors are best used for concentrated products (i.e. rich in organic 
material). The efficiency of the reactor can be improved significantly by also adding animal 
manure and biodegradable organic waste. 

Depending on the soil, location, and size required, the reactor can be built above or below 
ground (even below roads). To minimize distribution losses, the reactors should be installed 
close to where the gas can be used. Biogas reactors are less appropriate for colder climates 
as gas production is not economically feasible below 15°C. 

The digested slurry is not completely sanitized and still carries a risk of infection. There are 
also dangers associated with the flammable gases that, if mismanaged, could be harmful to 
human health. 

The Anaerobic Biogas Reactor must be well built and gas tight for safety. If the reactor is 
properly designed, repairs should be minimal. To start the reactor, actived sludge (e.g. from 
a septic tank) should be used as a seed. The tank is essentially self-mixing, but it should be 
manually stirred once a week to prevent uneven reactions. 

 

B-1.7 Upflow Anaerobic Sludge Blanket Reactor  (UASB) 

The UASB reactor is a methanogenic (methane-producing) digester that evolved from 
the anaerobic digester. A similar but variant technology to UASB is the expanded granular 
sludge bed (EGSB) digester. UASB uses an anaerobic process whilst forming a blanket of 
granular sludge which suspends in the tank. Wastewater flows upwards through the blanket 
and is processed (degraded) by the anaerobic microorganisms. The upward flow combined 
with the settling action of gravity suspends the blanket with the aid of flocculants. The 
blanket begins to reach maturity at around 3 months. Small sludge granules begin to form 
whose surface area is covered in aggregations of bacteria. In the absence of any support 
matrix, the flow conditions create a selective environment in which only those 

http://en.wikipedia.org/wiki/Methanogenic
http://en.wikipedia.org/wiki/Anaerobic_clarigester
http://en.wikipedia.org/wiki/Expanded_granular_sludge_bed
http://en.wikipedia.org/wiki/Expanded_granular_sludge_bed
http://en.wikipedia.org/wiki/EGSB
http://en.wikipedia.org/wiki/Anaerobic_digestion
http://en.wikipedia.org/wiki/Anaerobic_organism
http://en.wikipedia.org/wiki/Gravity
http://en.wikipedia.org/wiki/Flocculant
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microorganisms, capable of attaching to each other, survive and proliferate. Eventually the 
aggregates form into dense compact biofilms referred to as "granules".  

 

 

Figure B5: Photograph and schematic of a UASB system. 

Biogas with a high concentration of methane is produced as a by-product, and this may be 
captured and used as an energy source, to generate electricity for export and to cover its 
own running power. The technology needs constant monitoring when put into use to ensure 
that the sludge blanket is maintained, and not washed out (thereby losing the effect). The 
heat produced as a by-product of electricity generation can be reused to heat the digestion 
tanks. 

The blanketing of the sludge enables a dual solid and hydraulic (liquid) retention time in the 
digesters. Solids requiring a high degree of digestion can remain in the reactors for periods 
up to 90 days.[2] Sugars dissolved in the liquid waste stream can be converted into gas 
quickly in the liquid phase which can exit the system in less than a day. 

UASB reactors are typically suited to dilute wastewater streams (3% TSS with particle size 
>0.75mm). 

 

B-1.8 Anaerobic filter  

An anaerobic filter is a fixed-bed biological reactor. Dissolved organic matter and non-
settleable solids are filtered and anaerobically digested by bacteria of the biofilm attached to 
the filter media. Anaerobic filters are widely used as secondary treatment in household 
black- or greywater systems and improve the solid removal compared to septic tanks or 
anaerobic baffled reactors. Since anaerobic filters work by anaerobic digestion, they can be 
designed as anaerobic digesters allowing recovering the produced biogas. 
  

http://en.wikipedia.org/wiki/Biogas
http://en.wikipedia.org/wiki/Methane
http://en.wikipedia.org/wiki/Electricity
http://en.wikipedia.org/wiki/Upflow_anaerobic_sludge_blanket_digestion#cite_note-1
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Figure B6: Simple one unit anaerobic Filter integrated in the second chamber of a septic 

tank. Gas is evacuated by the venting opening at the upper right.  

 
Anaerobic filters are different from septic tanks in that they also include the treatment of 
non-settleable and dissolved solids by bringing them in close contact with the active 
bacterial mass fixed on the filter material, which anaerobically digests the dispersed or 
dissolved organic matter within short retention times. This is similar to anaerobic baffled 
reactors (ABRs) where this contact is provided by discharging wastewater to the bottom of 
the up-flow treatment directly into the biomass which is settled in the sludge. To prevent 
pollution of the groundwater, anaerobic filters should be watertight but they should still not 
be constructed in areas with high groundwater tables or prone to flooding. To prevent the 
release of potentially harmful gases, the anaerobic filters should be vented (TILLEY et al. 
2008). 
Anaerobic filters remove dissolved organic and non-settleable solids and are suited for grey 
or industrial wastewater with a lower suspended solid content or blackwater after a primary 
treatment (e.g. septic tank). They can be installed in every type of climate, although the 
efficiency will be affected in colder climates (TILLEY et al. 2008). An anaerobic filter can be 
designed for a single house or a group of houses. It is only appropriate if water use is high, 
ensuring that the supply of wastewater is constant.  

 

B-1.9 Rotating biological filter  

Rotating biological contactors (RBC), also called rotating biological filters, are fixed-bed 
reactors consisting of stacks of rotating disks mounted on a horizontal shaft. They are 
partially submerged and rotated as wastewater flows through. They are used in conventional 
wastewater treatment plants as secondary treatment after primary sedimentation of 
domestic grey- or black water, or any other biodegradable effluent. The microbial 
community is alternately exposed to the atmosphere and the wastewater, allowing both 
aeration and assimilation of dissolved organic pollutants and nutrients for their degradation. 
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Figure B7: Rotating Biological Contactor  

 
The performance of RBC systems depends on the design, the temperature, the 
concentration of the pollutants, the rotating velocity and the hydraulic retention time. RBCs 
can achieve BOD reductions of 80 to 90 % (SANIMAS 2005; WSP 2007; WSP 2008). The 
removal of nitrogen (which is mostly present as ammonia) by nitrification and subsequent 
denitrification is also high, because both aerobic nitrifying bacteria and anaerobic 
denitrifying bacteria can simultaneously live in the attached biofilm (HOCHHEIMER 1998), 
depending on weather they are situated on the bottom of the film, close to the disc support 
(and thus in anaerobic or anoxic conditions) or at the top of the film exposed to the air.  

Effluents from RBC do not contain high levels of nutrients and are therefore not particularly 
interesting for agriculture, although they constitute a source of water. However, due to low 
removal efficiency of microorganisms (1 to 2 log units, U.S. EPA 2002), RBC effluents require 
a further treatment, such as sand filtration, constructed wetlands or another form of 
disinfection (e.g. chemical disinfection or UV disinfection). 
 

B-1.10 Constructed wetlands  

Constructed wetlands (CWs) are natural treatment technologies for household and/or 
municipal or industrial wastewater in which wastewater flows in a planted porous media 
while a combination of biological and physical processes occur. 
In a free-surface constructed wetland water flows above ground and plants are rooted in the 
sediment layer at the base of the basin or floating in the water. Typically, there is a basin or 
channels lined with an impermeable layer (clay or geotextile). The substrate consists of 
rocks, gravel and soil. The basin is planted advantageously with native plants. Compared to 
subsurface wetlands (horizontal flow or vertical flow), free-surface CWs can be vegetated 
ǿƛǘƘ ŜƳŜǊƎŜƴǘΣ ǎǳōƳŜǊƎŜŘ ŀƴŘ ŦƭƻŀǘƛƴƎ Ǉƭŀƴǘǎ ό{!Ω!¢ нллсΤ ¢L[[9¸ Ŝǘ ŀƭΦ нллуύΦ 
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Figure B8: Functional schematic of a free -surface wetland.  

Source: TILLEY et al. (2008) 

A vertical flow constructed wetland (vertical flow CW) is a planted filter bed for secondary or 
tertiary treatment of wastewater (e.g. greywater or blackwater). Pre-treated wastewater 
(e.g. from a septic tank or an Imhoff tank) is distributed over the whole filter surface and 
flows vertically through the filter. The water is treated by a combination of biological and 
physical processes. 
A horizontal flow constructed wetland (horizontal flow CW) is a planted filter bed for 
secondary or tertiary treatment of wastewater. After primary treatment for solids removal in 
e.g. in a septic tank or Imhoff tank, the wastewater is fed at the inlet zone and flows 
horizontally through the porous filter medium (sand or gravel) until it reaches the outlet 
zone. The water is treated by a combination of biological and physical processes.  
The effluent of a well-functioning constructed wetland can be used for irrigation and 
aquaculture or safely been discharged to receiving water bodies. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure B9: Vertical flow constructed wetland.  

Source: MOREL and DIENER (2006) 

Constructed wetlands are generally used as secondary treatment process, which means that 
the wastewater is treated in a primary treatment step to remove solids and prevent 
clogging. Primary treatments, such septic tanks, anaerobic baffled reactors, imhoff tanks, 
biogas settlers, UASB reactors, or compost filter are the most suited lower the BOD and 
prevent clogging of the constructed wetland. 

http://www.sswm.info/sites/default/files/toolbox/TILLEY et al 2008 Free Surface CW.jpg
http://www.sswm.info/sites/default/files/toolbox/MOREL and DIENER 2006 Vertical CW.jpg
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Figure B10: Horizontal flow constructed wetland.  

Source: MOREL and DIENER (2006) 

Depending on the volume of water, and therefore the size of required land surface, wetlands 
can be appropriate for small sections of urban areas or more appropriate for peri-urban and 
rural communities. It is a good treatment technology for communities that already have a 
primary treatment facility.  
Constructed wetlands are natural systems and do not require electrical energy (unless for 
pumps), nor chemicals, although the wetland will require some maintenance for the 
duration of its life.  
Constructed wetlands are best suited to warm climates but can be designed to tolerate 
some freezing and periods of low biological activity (TILLEY et al. 2008).  
 
  

http://www.sswm.info/sites/default/files/toolbox/MOREL and DIENER 2006 Horizontal CW.jpg
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B-1.11 Septic tank  

A Septic Tank is a watertight chamber made of concrete, fibreglass, PVC or plastic, for the 
storage and treatment of black water and grey water.  

 

Figure B11: Overview scheme of a septic tank.  

Source: adapted from TILLEY et al. (2008). 

A septic tank consists at minimum of 2 compartments made out of concrete or bricks. Pre-
fabricated concrete rings, PVC or fibreglass septic tanks are also available and may be less 
expensive in some contexts (WSP 2008). The first compartment occupies at least the half the 
total volume, because most of the sludge accumulates here (SASSE 1998), while scum (oil 
and fat) floats to the top. When there are only two chambers, the first one should be 2/3 of 
the total length (TILLEY et al. 2008). The following chamber(s) are provided to calm the 
turbulent liquid. The baffle, or the separation between the chambers, is to prevent scum and 
solids from escaping with the effluent (TILLEY et al. 2008). A T-shaped outlet pipe, the lower 
arm of which dives 30 cm below water level (SASSE 1998), will further reduce the scum and 
solids that are discharged. Normally, the chambers are all of the same depth (between 1.5 to 
2.5 m), but sometimes the first chamber is made deeper as the others. Over time, anaerobic 
bacteria and microorganisms start to digest the settled sludge anaerobically, transforming it 
into CO2 and CH4 (biogas) and some heat. 
 
  

http://www.sswm.info/sites/default/files/toolbox/TILLEY.jpg
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B-1.12 Trickling filter  

Trickling Filters (also called trickling biofilters, biofilters, biological filters and biological 
trickling filters) are aerobic fixed film systems made out of rocks, gravel, plastic modules, etc.  

 

Figure B12: Trickling Filter - Biological Filter -Percolating Filter - Biofilter  

 
A trickling filter consists in a bed of solid media (rock, gravel or plastic modules) on which 
bacteria attach and form a biofilm. Wastewater is sprayed on filter and trickles vertically 
through the solid media. The biomass growing on the media brakes down organic matter 
under aerobic conditions (WSP 2008, UNEP 2004).  
Trickling filters are designed primarily for BOD removal. Performances depend on 
wastewater characteristics, hydraulic and organic loading, medium type, maintenance of 
optimal dissolved oxygen levels, and recirculation rates (UNEP 2004). A BOD reduction of 60 
to 85 % can be expected with loading rates of 1 kg BOD/m3/day (SASSE 1998; U.S.EPA 2000a; 
UNEP 2004; WSP 2008). Bacterial reductions have been reported to be 1 to 2 logs of faecal 
Coliforms (UNEP 2004), respectively 60 to 90 % of total Coliforms (WSP 2008). Physical 
adsorption of virus on the biofilm or elimination by predation is additional factors in 
pathogen elimination in trickling filters (STRAUSS n.y.). Total suspended solids (TSS) removal 
is expected to be very low (due to the down-flow regime) and pre-settling as well as removal 
of the solids from the effluent is recommended. Total nitrogen removal varies from 0 to 35 
% (UNEP 2004; WSP 2008), while phosphorus removal of 10 to 15 % might be expected 
(UNEP 2004). However, the capacity for nutrient removal of trickling filters depends strongly 
on the operation conditions, and while some sources indicate a high removal of ammonia 
(U.S. EPA 2000b) other indicate no capacity of trickling filters for nutrients (UNEP et al. 
2004). 
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Table B1 ɀ Advantages and Disadvantages of Biotechnolog ical  Water Treatment Systems  
 

 Advantages Disadvantages 

Activated sludge system ω Little land required 
ω High effluent quality 
ω Resistant against shock-loads and applicable for a large range of organic and 

hydraulic loading rates 
ω Efficient centralized systems 

 

ω Requires large amount and continuous supply of energy 
ω Technical complexity 
ω Not all parts and materials may be available locally 
ω Not suitable for application on community level 
ω Very high construction and maintenance costs 
ω Mixing of industrial effluent with domestic wastewater can lead to toxicity and major 

malfunctioning and make the recycling of nutrients almost impossible 
ω Effluent and sludge might require further treatment (i.e. disinfection before discharge or 

appropriate discharge 
Sequential Batch reactor ¶ Operating flexibility and control. 

¶ Potential capital cost savings by eliminating clarifiers and other equipment. 

¶ Equalization, primary clarification (in most cases), biological treatment, and 
secondary clarification can be achieved in a single reactor vessel. 

¶ Minimal footprint. 

¶ A higher level of sophistication is required (compared to conventional systems), especially 
for larger systems, of timing units and controls. 

¶ Higher level of maintenance (compared to conventional systems) associated with more 
sophisticated controls, automated switches, and automated valves. 

¶ Potential of discharging floating or settled sludge during the DRAW or decant phase with 
some SBR configurations. 

¶ Potential plugging of aeration devices during selected operating cycles, depending on the 
aeration system used by the manufacturer. 

¶ Potential requirement for equalization after the SBR, depending on the downstream 
processes. 

Membrane Bioreactor ¶ Good effluent quality with high hygienic standards 

¶ High possible biomass concentration (10-25 g MLSS/L) 

¶ Reduced reactor volume and footprint 

¶ Reduced net sludge production 

¶ The primary disadvantage of MBR systems is the typically higher capital and operating 
costs than conventional systems for the same throughput. O&M costs include membrane 
cleaning and fouling control, and eventual membrane replacement. 

Aerated lagoon/pond Å Good resistance against shock loading 

Å Can treat high loads 

Å High reduction in BOD and pathogens 

Å No real problems with insects or odours if designed correctly 

Å Less land required than for simple pond systems (e.g. WSP) 

Å The treated water can be reused or discharged if a secondary maturation /  
settling pond follows the aerated lagoon/completely mixed aerated pond 

Å Lagoon systems can be cost-effective to design and construct in areas where 
land is inexpensive.  

Å They use less energy than most wastewater treatment methods.  

Å They are simple to operate and maintain and generally require part-time staff. 

Å They are very effective at removing disease-causing organisms (pathogens) from 
wastewater. 

Å The effluent from lagoon systems can be suitable for irrigation (where 
appropriate), because of its high-nutrient and low pathogen content. 

Å Lagoon systems require more land than other treatment methods. 

Å They are less efficient in cold climates and may require additional land or longer detention 
times in these areas. 

Å Odor can become a nuisance during algae blooms, spring thaw in cold climates, or with 
anaerobic lagoons and lagoons that are inadequately maintained. 

Å Unless they are property maintained, lagoons can provide a breeding area for mosquitoes 
and other insects. 

Å They are not very effective at removing heavy metals from wastewater. 

Å Effluent from some types of lagoons contains algae and often requires additional treatment 
or "polishing" to meet local discharge standard 

Å Sludge requires secondary treatment and/or appropriate discharge 

Å Requires expert design and construction supervision 

Å Requires a constant energy/electricity source for continuous aeration; the technique does 
not work in cases of power failure 
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Anaerobic baffled reactor Å extremely stable to hydraulic shock loads  
Å high treatment performance 
Å simple to construct and operate 
Å no electrical requirements 
Å low capital and operating costs, depending on economy of scale 
Å low sludge generation 
Å biogas can be recovered 
Å  

Å needs expert design 
Å long start-up phase 
Å needs strategy for faecal sludge management 
Å effluent requires secondary treatment and/or appropriate discharge 
Å clear design guidelines are not available yet 
Å low reduction of pathogens 
 

Anaerobic reactor Å Generation of a renewable, valuable energy source.  
Å Low capital costs; low operating costs.  
Å Underground construction minimizes land use.  
Å Long life span.  
Å Can be built and repaired with locally available materials.  
Å No electrical energy required.  
Å Small land area required (most of the structure can be built underground) 

 

Å Requires constant source of water.  
Å Requires expert design and skilled construction.  
Å Gas production below 15°C is not economically feasible 
Å Digested sludge and effluent still requires treatment. 
 

Upflow anaerobic sludge 
blanket reactor 

¶ During the treatment process a amount of valuable biogas energy will be 
produced which can be collected for other usage. 

¶ Much less bio-solids waste generated compared with aerobic process because 
much of the energy in the wastewater is converted to a gaseous form and 
resulting in very little energy left for new cell growth. 

¶ A low energy requirement for the treatment process. 

¶ Less nutrients required. 

¶ System can be shut down for extended periods without serious deterioration. 

¶ Can handle organic shock loads effectively. 
 

¶ Anaerobic treatment cannot achieve surface water discharge quality without post-
treatment 

¶ Reduced sulphur compounds are produced, which need to be properly addressed in terms 
of corrosion, odour and safety. 

¶ Longer start-up period. 

¶ A proper temperature range is required for the anaerobic process (15oC to 35oC), therefore 
it is not applicable during cold season in certain countries.  

¶ Some equipment (i.e. pH meter, thermometer etc.) and professional staff is necessary for 
monitoring the internal condition of the reactor. It is costly 

Anaerobic filter ¶ Resistant to organic and hydraulic shock loadings 

¶ High reduction of BOD and TSS 

¶ Low reduction of nutrients, thus outflow adapted for reuse in agriculture 

¶ Low sludge yield 

¶ No electrical energy required 

¶ Can be built and repaired with locally available materials. Long service life 

¶ No real problems with flies or odors if used correctly 

¶ Moderate capital costs, moderate operating costs depending on emptying 
 

¶ Reliable and ample piped water required to bring the wastes to the treatment unit 

¶ Low reduction in pathogens, solids and organics: secondary treatment for both effluent and 
faecal sludge required, as well as regular de-sludging 

¶ Only suitable for low-density housing in areas with low water table and not prone to 
flooding 

¶ Manual cleaning of the tank is highly hazardous and an inhumane task, while mechanical 
cleansing (vacuum trucks) requires sophisticated instruments 

¶ Requires expert design and construction 

¶ Long start-up time 

¶  
Rotating biological filter ¶ High contact time and high effluent quality (both BOD and nutrients) 

¶ High process stability, resistant to shock hydraulic or organic loading 

¶ Short contact periods are required because of the large active surface 

¶ Low space requirement 

¶ Well drainable excess sludge collected in clarifier 

¶ Process is relatively silent compared to dosing pumps for aeration 

¶ Low sludge production 
 
 

¶ Continuous electricity supply required (but uses less energy than trickling filters or 
activated sludge processes for comparable degradation rates) 

¶ High investment as well as operation and maintenance costs 

¶ Must be protected against sunlight, wind and rain (especially against freezing in cold 
climates) 

¶ Odour problems may occur 

¶ Requires permanent skilled technical labour for operation and maintenance 
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Constructed wetlands ¶ Natural processes 

¶ No chemical & electrical energy required 

¶ Low operation and maintenance 

¶ Can be built and repaired with locally available materials 

¶ Does not have mosquito or odour nuisance problems since there is no surface 
water 

¶ High reduction in BOD, suspended solids and pathogens 

¶ Construction can provide short-term employment to local labourers 
 

¶ Long start up time to work at full capacity 

¶ Requires large land area 

¶ Requires expert design and supervision 

¶ High quality filter material is not always available and expensive 

¶ Moderate capital cost depending on land, liner, fill, etc.; low operating costs  

¶ Pre-treatment is required to prevent clogging 

¶ Dosing system requires more complex engineering 

¶ Not very tolerant to cold climates 

Septic tank ¶ Can be built and repaired with locally available materials 

¶ No real problems with flies or odours if used correctly  

¶ Long service life  

¶ Little space required due to underground construction 

¶ Low investment costs, low operation and maintenance costs depending on the 
availability of water and the requirement for emptying 

¶ No energy required 
 

¶ High cost compared to dry or composting toilet systems 

¶ Constant and sufficient amounts of piped water required to bring the waste to the 
treatment unit 

¶ Low reduction in pathogens, solids and organics: Secondary treatment for both effluent and 
faecal sludge required 

¶ De-sludging required: Manual de-sludging is hazardous to health and mechanical de-
sludging (vacuum trucks) requires the infrastructure and may be rather costly 

¶ Only suitable for low-density housing in areas with low water table and not prone to 
flooding 

¶ Manual cleaning of the tank is highly hazardous and an inhumane task, while mechanical 
cleansing (vacuum trucks) requires sophisticated instruments 
 

Trickling filter ¶ Resistant to shock loadings 

¶ Can be operated at a range of organic and hydraulic loading rates 

¶ High effluent quality in terms of BOD and suspended solids removal; in 
combination with a primary and tertiary treatment also in terms of pathogens 

 

¶ Pre-treatment and treatment of excess sludge required 

¶ High capital costs and moderate operating costs 

¶ Experts required for design, construction and maintenance 

¶ Not all parts and materials may be available locally 

¶ Reliable and ample water flow required to bring the waste to the treatment unit 

¶ Requires energy (breakdown during power-cuts and pump failures) 

¶ High organic loadings can cause anaerobic conditions and odour problems 

¶ Incidence of clogging is relatively high, Flies and odours are often problematic 
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B-2 Range of operating conditions  

Table B2: Typical operating condtions for different biotechnological water treatment systems.  

 

 OLR HRT SRT MLSS Nutrients/ F:M ratio Aeration/ mixing Temperature 

Activated sludge system 0.32-0.64 kg BOD/m3.d  few hours-several 
days 

10-25 days 2-5 g/L 0.05 Kg/Kg.d 0.5 - 1.5 kg O2/kWh, diffused aeration 
as 1.5 - 2.5 kg O2/KWh. Deep Shaft 
claims 5 - 8 kg O2/kWh. 

 

Membrane bioreactor 0.4-0.7 kg BOD/m3.d 3-10 hours 30-60 days 
even up to 100 
days 

8 to 12 g/L and 
occasionally even 
higher reaching 
20 to 35 g/L 

< 0.08 Kg/Kg.d Oxygen demand in MBR (expressed as 
kg O2/kg VS.hr) is comparable to that 
in activated sludge operated at the 
same conditions. 

 

Sequencing batch 
reactor 

 6-14 hours  2-2.5 g/L 0.15-04/day Treatment cycle duration: 4 hours  

Aerated lagoon/pond 20 to 30 g BOD/m3 day ¶ 4 to 10 days 

¶ 3-50 days for 
naturally 
aerobic lagoon 

Detention times in 
the settling basin 
or portion of a 
basin used for 
settling of solids 
should be limited 
to two days to limit 
algae growth. 

  Diffused aeration equipment typically 
provides about 3.7 to 4 kg O2 /kW-
hour and mechanical surface aerators 
are rated at 1.5 to 2.1 kg O2/kW-hour  
Consequently, diffused systems are 
somewhat more efficient, but also 
require a significantly greater 
installation and maintenance effort. 

Most surface 
aerated vessels 
operate at between 
4 °C and 32 °C 

Anaerobic baffled 
reactor 

can attain 36 kgCOD/m3 
day 

1-3 days     Can operate at 10 
°C 
Can be installed in 
every type of 
climate, although 
the efficiency will 
be affected in 
colder climates 

anaerobic reactor 3.2-8 Kg of VS/m3.d  30-90 days  Low nutrients 
requirement 

Hydraulic mixing is accomplished by 
recirculating digester content through 
use of an external pump network. 
Gas recirculation systems use the 
digester gas produced by the anaerobic 
digestion process to mix the digester 
contents 

 

Upflow anaerobic 
sludge blanket reactor 

can attain 40 kgCOD/m3 
day 
 
 

few hours 
(4-8h) 

  COD:N:P ratio 
100:(10-1):(5-1), 
ammonium nitrogen 
less than 1000 mg/L 

 ¶ 10-19°C 

¶ 33-37°C 

¶ 50-55°C 

Anaerobic filter 0.4ς27 kg/m3 d 1.5 and 2 days for     can be installed in 
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pre-settled 
blackwater and 0.7 to 
1.5 days for 
greywater 

every type of 
climate, although 
the efficiency will 
be affected in 
colder climates 

Rotating biological filter 0.25-2.0 kgBOD/m3.day  
for carbonaceous 
oxidation (expressed in 
terms of m3 total empty 
bed contact volume) 

hydraulic loading 
rates up to a 
maximum for 
suspended solids 
removal processes of 
about 10 m/hr. More 
conventional rates 
are of the order of 1-
4 m/hr. (Calculated 
from: m3 flow 
appliedlhour per m2 
media bed surface 
area; m3/m2.hr = 
m/hr). 

   Combined air/liquid laterals have been  
developed which provide aeration and 
liquid flow to and from the base of a 
reactor 

 

Constructed wetland solid loading rates 30 ς 
80 kg total solids 
(TS)/m2.yr 

 sludge loading 
frequency should 
be once in a week 

    

Septic tank  1 day     can be installed in 
every type of 
climate, although 
the efficiency will 
be affected in 
colder climates 

Trickling filter Low-rate filters 
less than 40 kg 
BOD5/100 m3 .day 
 
 
Intermediate-rate filters 
up to 64 kg BOD5 /100 m3 
.d 
 
High-rate filters 
from 64 to 160 kg 
BOD5/100 m3.d  

Low-rate filters 
hydraulically limited 
and have application 
limits ranging from 
0.01 to 0.04 L/m2 .s 

   Low-rate filters 
equiped with dosing syphons or 
periodic pumps to provide a high 
wetting rate for short intervals 
between rest periods. 
 
Intermediate-rate filters 
In order to ensure good distribution 
and thorough blending of the filter and 
secondary effluent, the system should 
recirculate the trickling filter effluent. 
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B-3. Evaluation criteria for wastewater treatment  plant s 
 

Table B3: Important performance criteria for evaluation of biological waste water treatment plants  

 

 Process performance Cost consideration Health aspects Reuse 

Removal rates Sludge production/ 
Seeding/ Start-up 

Capital cost Operation and 
maintenance 

Energetic cost Skilled labour 

Activated sludge 
process 

¶ BOD= 80-100%  

¶ TSS= 80-100%  

¶ High nitrogen 
removal 

¶ Phosphorous 
accumulation 

¶ Low pathogen 
removal 

0.6 Kg/Kg DBO High capital cost: 
construction, pumps, 
devices for aeration 
the need for long 
distance of sewage 
channels 

continuous 
maintenance and 
control for the 
mechanical 
equipment (pumps, 
aerates, mixers) 
System parts are 
sometimes not 
locally available 
 

high electricity 
consumption 
(pumping and 
aeration) 

Implementation 
is only possible 
by experienced 
consultant firms. 
requirement of 
permanent 
professional 
operation 

Helminth eggs, bacteria 
or viruses are not 
removed 
WWTPS should be 
constructed far away 
from housings 
the effluent should 
undergo an appropriate 
disinfection treatment 
before discharge 

need tertiary 
treatment or 
disinfection to 
improve effluent 
quality 

Sequencing Batch 
reactor 

Effluent of less than: 

¶ 10 mg/L BOD 

¶ 10 mg/L TSS 

¶ 5 - 8 mg/L TN 

¶ 1 - 2 mg/L TP 

 Potential capital cost 
savings by eliminating 
clarifiers and other 
equipment. 

Labor and 
maintenance 
requirements may be 
reduced in SBRs 
because clarifiers, 
clarification 
equipment, and RAS 
pumps may not be 
necessary. 
On the other hand, 
the maintenance 
requirements for the 
automatic valves and 
switches that control 
the sequencing may 
be more intensive 
than for a CAS 
system. O&M costs 
are site specific and 
may range from $800 
to $2,000 dollars per 
million gallons 
treated. 

 An increased 
level of 
sophistication 
usually equates 
to more items 
that can fail or 
require 
maintenance. The 
level of 
sophistication 
may be very 
advanced in 
larger SBR 
wastewater 
treatment plants 
requiring a higher 
level of 
maintenance on 
the automatic 
valves and 
switches. 
Ą professional 
operators 
 

A properly designed 
and operated SBR will 
minimize potential 
health and safety 
concerns. 

 

Membrane ¶ BOD5< 5 mg/L Less waste sludge The equipment and two of the most 30ς50% of the MBR systems The utilization of MBRs In MBR systems , 
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Bioreactor ¶ TN< 3 mg/L 

¶ TP< 0.1 mg/L 

¶ SS= below 
detection level 

¶ total and fecal 
coliforms= 
around log 6 

¶ viruses 
removal= log 
2-4 

production than 
conventional 
systems 
 

energy cost of MBR are 
higher than 
conventional 
treatment, but total 
water costs can be 
competitive due to the 
lower footprint and 
installation costs.MBR 
costs have declined 
sharply since the early 
мффлΩǎΣ ŦŀƭƭƛƴƎ ǘȅǇƛŎŀƭƭȅ 
by a factor of 10 in 
fifteen years. As MBR 
technology has become 
accepted, and the scale 
of installations has 
increased, there has 
been a steady 
downward trend in 
membrane prices, 
which is still continuing. 

significant 
components of MBR 
operation costs are 
membrane 
replacement and 
energy consumption 
Concentration 
polarization and 
other membrane 
fouling problems can 
lead to frequent 
cleaning of the 
membranes, which 
stop operation and 
require clean water 
and chemicals. 

energy demand 
arises from 
aeration of the 
membrane 
Introduction of 
submerged 
membrane in MBR 
processes have 
contributed to 
reduce energy 
requirement 
significantly. 
Submerged 
membranes could 
reduce the 
pumping energy 
requirement 
merely to 0.007 
kwh/m3 of 
permeate. 
More attractive 
than ASP in term 
of energy 
consumption 

operation needs 
no permanent 
operator 
attendance, no 
operating 
chemicals, long 
sludge discharge 
intervals, little 
processing 
sequences and 
consistent 
effluent quality, 
will guarantee 
the minimum 
operating cost.  
To operate and 
maintain MBR no 
daily or even 
weekly  
operator tasks 
are required.  

in municipal 
wastewater treatment 
plants will ensure 
enhanced retention 
and biodegradation of 
natural and synthetic 
hormones. 

the effluent quality 
is suitable for direct 
reuse 

Aerated 
lagoon/Pond 

¶ 70-90% BOD 

¶ P= 30-95% 

¶ N= 40-90% 

Facultative and 
aerobic lagoons are 
intended to 
accumulate sludge, 
because part of the 
treatment process 
involves the 
biological decay of 
the settled material 

Investment costs are 
moderate to high 

The aeration devices 
also increase the 
complexity of the 
unit and thus the 
vulnerability for 
technical failure (due 
to lack of 
replacement/spare 
parts or engineering 
skills) 
depends on the local 
context and the 
availability of 
electricity 
 
 
 
 
 
 

High energy 
consumption 
(mixing and 
aeration) 

Expert design is 
required 

health hazards can be 
caused by the aerosol 
effect releasing 
pathogens into the air 
The aeration units can 
severely bless people 
or animals if they fall by 
accident into the ponds 

Addition of post-
treatment 
processes to polish 
the lagoon effluent 

Anaerobic baffled ¶ DBO= 70-95% The start-up takes Generally low cost simple to construct do not require any Expert design is ABRs are appropriate The effluent is not 
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reactor ¶ TSS=80-90% 

¶ Low pathogen 
removal 

several monthes  The costs vary 
depending on the 
availability of materials 
and economy of scale 

and operate 
can be constructed 
with locally available 
material 

electricity required for areas where land is 
limited (underground 
tank).  
should not be installed 
in areas with a high 
groundwater table or 
prone to flooding as 
infiltration will affect 
the treatment 
efficiency and 
contaminate the 
groundwater 

fully treated and 
must be disposed of 
properly or sent to 
secondary 
treatment 

Anaerobic reactor ¶ BOD= 80-85 %  

¶ Relatively high 
pathogen 
removal 

¶  N and P 
remain in the 
sludge 

Biogas reactors 
need a start-up 
phase during which 
the microorganism 
responsible for 
anaerobic digestion 
install and stabilise. 
Seeding with sludge 
form a septic tank 
or another 
anaerobic digester 
speeds up the 
digestion and 
prevents the 
digester from 
running acid  

Capital costs for gas 
transmission 
infrastructure can 
increase the project 
cost 

If the reactor is 
properly designed, 
repairs should be 
minimal. 
De-sludging of the 
accumulating solids 
in the bottom of the 
reactor is required 
on exceptional basis 
only. The reactors 
should also regularly 
be checked for 
foaming, scum 
formation or gas 
tightness (and 
rusting in the case of 
floating drum 
reactors using a steel 
drum) 
 
 
 
 
 
 
 
 
 
 
 
 
 

Both biogas and 
fertilising sludge 
create value 
added, thus 
making biogas 
digesters 
interesting from 
an economic point 
of view 

Planning requires 
skilled labour and 
expert design. 
No skilled 
operator is 
required, but 
households 
should be trained 
to understand 
the system 

The digested slurry is 
not completely 
sanitized and still 
carries a risk of 
infection. 
Dangers associated 
with the flammable 
gases that, if 
mismanaged, could be 
harmful to human 
health. 
 

Generally, in a well-
functioning and 
designed biogas 
digester, the 
pathogen removal 
in the slurry is 
sufficient so the 
treated sludge can 
be reused for soil 
fertilisation. To 
increase the safety, 
it may be 
aerobically 
composted (or 
processed in a 
sludge drying or 
humification bed) 
before reuse. 

Upflow anaerobic ¶ BOD= 66-80% UASB reactors The significantly lower Operation costs are Natural The construction, Pathogen removal is The sludge is 
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sludge blanket 
reactor 

¶ COD= 49-78% 

¶ TSS=60-79% 
 

require several 
months to start up. 
Granular sludge 
forms when 
bacteria aggregate, 
form chains and 
coagulate into flocs 
or granules. The 
sludge not only 
needs to form but 
also needs to adapt 
to the 
characteristics of 
the specific 
wastewater 

level of technology 
required by the UASB 
process in comparison 
with conventional 
advanced aerobic 
processes means that 
they are also cheaper in 
construction and 
maintenance. Capital 
costs for construction 
can be estimated as 
low to medium and 
comparable to baffled 
reactors  

low, as usually no 
costs arise other 
than desludging 
costs and the 
operation of feeding 
pump 

turbulence caused 
by the rising gas 
Ą mechanical 
mixing is not 
required 
Ąreducing the 
energy demand 
and its associated 
cost. 
No heating of the 
influent is needed 
to reach the 
working 
temperature and 
all plant 
operations can be 
done by gravity, 
the energy 
consumption of 
the reactor is 
almost negligible. 
Energy is 
produced during 
the process in the 
form of methane. 
 

the start-up 
phase as well as 
the maintenance 
of UASP requires 
skilled staff. 
A permanent 
operator is also 
required to 
control, monitor 
and repair the 
reactor and the 
dosing pump  

low generally well 
stabilised and can 
be used as a soil 
fertiliser.  
Effluents from the 
UASB can rarely 
comply with 
stringent emission 
standards. The 
nutrient amount 
remains generally 
unaltered and 
residual pathogen 
concentrations are 
high. 

Anaerobic filter ¶ BOD= 50-90% 

¶ TSS= 50-80% 

¶ Total 
coliforms= 1-2 
log units 

 Anaerobic filters 
need to be 
άǎŜŜŘŜŘέ ƛƴ ǘƘŜ 
beginning of the 
treatment process 
just like septic tanks 
and anaerobic 
baffled reactors. 
Seeding is done by 
spraying active 
sludge (e.g. from a 
septic tanks) on the 
filter material 
before starting 
continuous 
operation. 
Low sludge yield 
 

The reactor vessel of 
anaerobic filters can be 
integrated in or is very 
similar to a septic tank 
and can be constructed 
at relatively low cost 
with locally available 
material. Pre-fabricated 
plastic or fibreglass 
tanks may also be 
available and may be 
less costly, depending 
on the context. 

Regularly backflush 
to prevent clogging 
(without washing out 
the biofilm). 
Desludging of the 
primary settling 
chamber should be 
done at regular 
intervals. 
It needs to be vented 
if biogas not 
recovered. 

No electrical 
energy required. 
Energy is 
produced during 
the process in the 
form of methane. 

Requires expert 
design. 

Desludging and 
cleaning of the filter 
material can be a 
health-hazard and 
appropriate safety 
precautions should be 
taken 
When anaerobic filers 
are constructed 
underground, contact 
and thus health risks 
are limited. 

post-treatment 
(waste stabilization 
pond system or a 
surface, horizontal 
or vertical flow 
constructed 
wetland) is required 
for fertiirrigation 

Rotating biological High removal of RBC do not require Observed costs for Operation and High energetic Skilled experts Direct contact with the For reuse, a 
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filter  biodegradable 
organic pollutants 

seeding with 
bacterial cultures. 
The start-up phase 
is therefore 
considerably 
shorter. However, it 
takes 6 to 12 weeks 
for the biofilm to 
establish for a good 
treatment 
performance. 

RBCs are highly variable 
depending on climate 
and location. Generally, 
RBCs involve high 
capital costs as not all 
materials may be 
locally available and 
motor and special 
material for rotation is 
required. 

maintenance costs 
are relatively high, 
because operation 
requires a 
continuous 
electricity supply. 
Maintenance 
includes lubrication 
of moving parts, 
motors and bearings; 
replacing seals, 
motors, servicing 
bearings; and 
cleaning the 
attached-growth 
media (spray-
washing of discs and 
purging of settled 
sludge) 
 

cost (continuous 
electricity supply) 

are required for 
manufacture and 
implementation. 
Supervision 
requires semi-
skilled labour and 
professional 
operator 

biomass growing on the 
discs, the effluent or 
the sludge should be 
avoided. 

treatment unit 
allowing further 
pathogen removal 
should be 
considered. 
 

Constructed wetland Horizontal Flow 
Constructed 
Wetland 

¶ BOD= 80-90% 

¶ TSS= 80-95% 

¶ TN= 15-40% 

¶ TP=30-45% 

¶ FCҖ н-3 log  

¶ LAS> 90% 
Vertical Flow 
Constructed 
Wetland 

¶ BOD= 75-90% 

¶ TSS=65-85% 

¶ TN< 60% 

¶ TP< 35% 

¶ FCҖ н-3 log  

¶ MBAS ~ 90% 
Free-surface 
Constructed 
Wetland 
Free surface flow 
CWs can achieve 
high removals of 
suspended solids 

 Constructed wetlands 
are usually cheaper to 
build than high-rate 
aerobic plants but for 
larger plants, they are 
usually more expensive 
in terms of capital 
costs. 
 

There is no need for 
sophisticated 
equipment, 
expensive spare 
parts or chemicals. 
Low maintenance 
and repair costs. 
With time, the gravel 
will become clogged 
with accumulated 
solids and bacterial 
film, the material 
may have to be 
replaced every 8 to 
15 or more years. 

no or only little 
electrical energy 

Operators can be 
trained people 
from the 
community (low-
skilled people) 

Care should be taken to 
prevent people from 
coming in contact with 
the effluent because of 
the potential for 
disease transmission 

The effluents can 
generally meet the 
standards for 
pathogen levels for 
safe discharge to 
the environment 
without further 
treatment. In case 
of domestic 
wastewater, the 
situation could be 
different and for 
safety reasons 
disinfection (by 
tertiary treatment) 
might be necessary, 
depending on the 
intended reuse 
application 
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and moderate 
removal of 
pathogens, nutrients 
and other pollutants 
such as heavy 
metals phosphorus 
 

Septic tank ¶ BOD=30-50% 

¶ TSS=40-60% 

¶ E. coli= 1 log 
unit 
 

To start up a septic 
tank it should be 
"seeded" with 
sludge from a tank 
that has been 
operating for some 
time 

Construction costs of 
septic tank are 
relatively low 
compared to other 
water based systems. 
However, they are 
much more expensive 
than for dry or 
composting toilets and 
unlikely to be 
affordable by poorer 
people in society. 
 

They require 
sufficient piped 
water to flush all the 
wastes through the 
drains and manual or 
mechanical (vacuum 
or gulper) de-
sludging needs to be 
done periodically.  
 

No energy 
required. 

A well-designed 
holding tank 
requires limited 
operator 
attention. 

The effluent from 
septic tanks contains 
large numbers of 
pathogens, which can 
be a potential source of 
infection 
 Risk of transmission of 
diseases of faecal origin 

Effluents still 
contain pathogens 
and should 
therefore not be 
used for crop 
irrigation nor 
should it be 
discharged to canals 
or surface water 
drains. 

Trickling filter ¶ BOD: 65 to 90 
%. 

¶ Low TSS 
removal.  

¶ Total 
Coliforms: 1 to 
2 log units  

¶ N: 0 to 35% 

¶ P: 10 to 15 % 

 Capital costs are 
moderate to high 
depending on type of 
filter materials and 
feeder pumps used. 

Maintenance costs 
are moderate 
depending on 
electricity 
consumption of 
feeder pumps 

Continuous 
electrical power 
supply 

Skilled labour is 
required for 
construction and 
maintenance 
(e.g. prevent 
clogging, ensure 
adequate 
flushing, monitor 
hydraulic and 
organic loads, 
control filter flies.  

The odour and fly 
problems require that 
the filter to be built 
away from homes and 
businesses.  

There must be 
appropriate 
measures taken for 
pre-treatment 
(settling), secondary 
treatment 
(eventually final 
clarifier), and 
effluent discharge. 
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B-4 Guidelines for the selection of appropriate biotechnologies adapted to 

the targeted regions  
 

This section of the report presents methodologies for identifying appropriate technologies 
for sewage pollution control. The methodologies have been developed with the target 
audience in mind: government and funding agency planners, local officials, and engineers in 
the targeted countries who must develop or evaluate plans for sewage pollution control for 
a given pollution source. Each ƳŜǘƘƻŘƻƭƻƎȅ Ƙŀǎ ōŜŜƴ ŘŜǾŜƭƻǇŜŘ ǳǎƛƴƎ ŀ άŘŜŎƛǎƛƻƴ ǘǊŜŜέ- a 
structured series of questions leading the reader to an appropriate technology or group of 
possible technologies that can abate or solve the problem at hand. The technologies 
identified in the decision trees are described elsewhere in the report. Methodologies have 
been prepared for four broad areas of pollution control: 

¶ Collection Systems 

¶ Domestic Wastewater Treatment 

¶ Industrial Wastewater Treatment 

¶ Solids Treatment and Disposal 

The industrial wastewater treatment is treated in this project on urban wastewater 
because in lot of cases, some industrial effluents are injected in the inlet of the urban 
WWTP. 

 

B-4.1 Collection systems 

Until recently, an engineer designing a sewage collection system had few options from which 
to choose. The oldest sewage collection system, and most common system to this day, is the 
ǎȅǎǘŜƳ ǘƘŀǘ ƛƴ ǘƘƛǎ ǊŜǇƻǊǘ ƛǎ ŎŀƭƭŜŘ άŎƻƴǾŜƴǘƛƻƴŀƭ ƎǊŀǾƛǘȅ ǎŜǿŜǊǎΦέ ¢ƘŜǎŜ are gravity driven 
pipelines or channels that carry raw sewage away from homes and businesses. The conduits 
are constructed with a constantly downward slope so that gravity drives the flow. The main 
advantage of conventional gravity sewers is that design criteria are well established. 
However, conventional gravity sewers have many disadvantages compared to alternative 
systems. They are expensive to build, especially when the water table is high or soils are 
rocky, and can be susceptible to infiltration and inflow (I&I) of groundwater and suspended 
solids into the waste stream. Wastewater treatment facilities must be sized to handle the 
wastewater flow plus the I&I. Other, newer collection system technologies include small-
diameter gravity sewers, pressure sewers, and vacuum sewers. These newer systems 
address some of the disadvantages of conventional gravity sewers. Figure B14 is a decision 
tree for selecting an appropriate sewage collection system. The main factors which must be 
considered in choosing a system for sewage collection are population density, surface 
topography, and subsurface conditions. Collection systems considered in the decision tree 
include: 

¶ Conventional Gravity Sewers 

¶ Small-diameter Pressure Sewers 

¶ Vacuum Sewers 
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¶ Small-diameter Gravity Sewers 
 

 

Figure B14 : Decision tree for selection of appropriate sewage collection . 

 

B-4.1.1 Decision tree criteria  

Below are the most important criteria for selecting appropriate technologies for sewage 
collection. The relevance of each criterion in the decision process and its implementation in 
the decision tree is discussed. The main factors in choosing a domestic wastewater 
conveyance technology are water availability, the prevailing slope of the terrain, 
hydrogeological considerations, and social considerations. 

 

B-4.1.2 Water availability  

The first question in the decision tree is whether piped water is supplied to homes and 
businesses to be served. If little or no piped water is available, the volume of wastes 
generated will be minimal, and excreta and other household wastes can be disposed of in 
household systems, such as pit latrines or other non-water carriage toilets. Septic tanks 
should not be considered in such cases because they will operate the same as latrines or 
composting toilets, due to lack of fluid, but cost much more to install. Typically, not enough 
wastewater volume is generated to use a septic tank when residents do not have piped 
water supplies. 
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B-4.1.3 Surface topography  

If the surface topography allows sewers to be laid at a downward slope from homes and 
businesses to a sewage treatment facility, then gravity systems can be used. Gravity systems 
should always be preferred over pumping. Large pumping (lift) stations dramatically increase 
operation and maintenance costs, and may increase capital costs as well. 

 

B-4.1.4 Sub-surface conditions  

Unstable soils, rocky soils, and high groundwater levels make conventional gravity sewers 
more expensive to build and maintain. In these conditions, small-diameter or vacuum sewer 
systems may be cost-effective. Small diameter gravity sewer lines, made from PVC pipes, can 
bend to accommodate unstable soils, virtually eliminate I&I, and can be constructed around 
rock outcroppings relatively easily. Because small diameter gravity and septic tank effluent 
pressure (STEP) sewers do not carry a significant amount of suspended solids (they generally 
carry septic tank effluent), they can be installed at a lesser downward slope than 
conventional sewers (conventional sewers carry raw sewage, and must maintain a minimum 
flow velocity to prevent excessive deposit of solids in the sewer). This saves in construction 
costs since excavations for small diameter sewers are not as costly as for conventional 
sewers. Vacuum sewers can be used most effectively under conditions of flat terrain and 
high water table. Under these conditions vacuum sewer lines can be placed in shallow 
trenches to minimise construction cost. They are sealed systems from the house vacuum 
valve to the central vacuum station, so infiltration and inflows are eliminated. I&I can still 
enter the system through the house lateral line, however, since it is a conventional gravity 
pipe. 

 

B-4.1.5 Social considerations  

Although not specifically mentioned in the decision tree, social considerations play an 
important part in selecting an appropriate sewage collection system for a community. The 
conventional gravity sewer system has been widely used with a variety of community types 
because it is the simplest system which requires no routine operational attention. It has 
been used in both high and low-income urban communities and for clusters of rural homes. 
Alternative systems, which may be of lower cost for initial construction, are either more 
complex or require more maintenance than a central gravity collection system. Small-
diameter pressure sewers, for example, require a grinder pump in each house. This 
proliferation of powered equipment requiring routine maintenance is a significant 
disadvantage of this type of system in many communities. The experience with this system 
in developed world is that this type of system is very difficult to keep operating properly 
even in a fully developed economy. Vacuum sewers are less complex, but still require a valve 
to be maintained at each house and, generally, more vacuum/pump stations than would be 
required for a comparable gravity collection system. Small-diameter gravity sewers are used 
with septic tanks at each house which must be desludged at regular intervals.  

Planners of collection systems should ask the questƛƻƴ ά²ƛƭƭ ǘƘŜ ŎƻƳƳǳƴƛǘȅ ŀŎŎŜǇǘ 
maintenance of equipment in the house or permit access of utility personnel onto private 
ǇǊƻǇŜǊǘȅ ŦƻǊ ǎǳŎƘ ƳŀƛƴǘŜƴŀƴŎŜΚέ LŦ ǘƘŜ ŀƴǎǿŜǊ ǘƻ ǘƘƛǎ ǉǳŜǎǘƛƻƴ ƛǎ άƴƻΣέ ǘƘŜƴ ŀ ŎƻƴǾŜƴǘƛƻƴŀƭ 
gravity collection system is indicated. Water carriage sewage collection facilitates the 
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modern convenience of indoor toilet facilities provided in each community household. This 
convenience may not be required or even desired, however, in a given community where a 
community latrine would be a more easily accepted public waste collection strategy. Likely 
public acceptance of collection system strategies should be assessed through well-advertised 
public meetings in the community, distribution of explanatory material, and community 
opinion surveys.  

 

B-4.2 Domestic wastewater t reatment  

Choosing technologies for domestic waste disposal is a complex process involving many 
factors. Figure B15 is a decision tree for selecting an appropriate treatment technology for 
domestic wastewater. The tree is intended to help the reader arrive at an appropriate 
technology for a given community (here defined as a cost-effective technology that provides 
adequate treatment and that the local community has the finances and skilled labour force 
to operate and maintain.) Selecting the most appropriate technology for a given community 
requires an analysis of cultural factors, a site evaluation, and a cost analysis. The decision 
tree is intended as an aid in identifying appropriate technology. For a final selection, 
however, it must be supplemented with a detailed analysis for each community based on 
local factors and needs. 

B-4.2.1 Decision tree criteria  

 
Below are the most important criteria for selecting appropriate technologies. The relevance 
of each criterion in the decision process and its implementation in the decision tree is 
discussed. The main factors in choosing a domestic wastewater treatment technology are 
water availability, presence of a collection system, housing or population density, availability 
of skilled management and operating personnel, land availability, availability and cost of 
power, receiving water requirements, hydrogeological conditions and climate, and 
availability of opportunities for effluent reuse. 

 

B-4.2.2 Water availability  

The first question in the decision tree is whether piped water is supplied to homes and 
businesses to be served. If little or no piped water is available, the volume of wastes 
generated will be minimal, and excreta and other household wastes can be disposed of in 
household systems, such as pit latrines or other non-water carriage toilets. Septic tanks 
should not be considered in such cases because they will operate the same as latrines or 
composting toilets, due to lack of fluid, but cost much more to install. Typically, not enough 
wastewater volume is generated to use a septic tank when residents do not have piped 
water supplies. 

 

B-4.2.3 Collection system 

If no waste collection system exists, a home or small community has few options for waste 
treatment and disposal. A community with a collection system has many more options. For 
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use in this decision tree, the definition of collection system includes septic tanks as well as 
community sewers. 

 

B-4.2.4 Housing or population density  

For dispersed rural homes, central sewage collection facilities are not economical due to the 
high cost of piping wastewater to the central treatment facility. The housing density at which 
central systems become more economical compared to on-site systems varies widely. It 
depends upon the prevailing soil type, land cost, evaporation/precipitation balance, ground 
water hydrology, and local costs for construction materials. No density can be specified that 
will serve to make a hard and fast selection of the desirability of on-site versus central 
treatment systems for all community types.  

 

 

Figure B15: Decision tree for appropriate domestic sewage treatment  

 

B-4.2.5 Availability of skilled labour and management 

The complexity of a treatment technology that a community can expect to operate and 
maintain successfully is determined by the local availability of skilled labour. This is an 
important consideration; many activated-sludge package treatment plants in the U.S. and 
the Targeted countries do not function properly because they are not operated or 
maintained correctly. In many small rural communities, where there are no skilled workers 
to operate an activated sludge process properly, a simpler process such as a lagoon or a 
wetland should be used. As a rule, low-maintenance technologies should be preferred over 
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high-maintenance technologies, even if some treatment efficiency is sacrificed. This rule is 
reflected in the decision treeτall of the technologies applicable to communities without 
skilled labour must be easy to operate and maintain. Availability of a management 
infrastructure to process and collect user charges and manage expenses in another 
prerequisite for effective operation of more complicated sewage treatment processes. To 
some extent, all treatment systems must be part of an effective management infrastructure, 
but land-intensive, low power treatment systems are more forgiving of operations and 
management breakdown and should be the preferred technology where management 
systems are developing. 

 

B-4.2.6 Land availability  

Where land is abundant and low cost natural treatment systems are usually appropriate, 
since they require little maintenance, are easy to operate and provide adequate treatment. 
Where land is scarce and expensive, mechanised, energy-intensive treatment processes, 
which require less land, may be more cost-effective than natural systems. 

 

B-4.2.7 Receiving water r equirements  

Water quality requirements for the effluent receiving water (e.g., a lake, a stream, 
groundwater, an estuary, or open ocean) or effluent reuse significantly affect treatment 
requirements. Two criteria affect water quality requirements for the receiving water and, 
consequently, how much effluent can be discharged to the receiving water: 

¶ Volume of receiving water ς Large bodies of water have more assimilative, or 
diluting, capacity than smaller bodies of water. 

¶ The intended use of the receiving water ς Drinking water, shellfish harvesting, 
primary contact recreation, and irrigation all have different water quality 
requirements. 

 
Appropriate treatment technologies for rural communities will provide adequate 
contaminant removal for most receiving waters or reuse needs. Consideration of the 
effluent receiving water is much more important for urban communities due to the volume 
of waste they generate. Selection of an appropriate treatment technology for urban 
communities requires knowledge of the degree of treatment required for the receiving 
water. If the effluent is discharged through a submarine outfall to an open ocean, primary 
treatment may be sufficient. If the effluent is discharged into an estuary, bay, lake or stream, 
eutrophication is a concern, and nutrient removal must be considered. If there is uncertainty 
about how much waste can be discharged into receiving water, a mixing zone analysis 
should be conducted. 

 

B-4.2.8 Hydrogeological conditions and c limate  

Because treatment processes for low- and medium-density communities rely on natural 
systems more than those for high-density communities, some are more affected by 
hydrogeological conditions of the treatment site than large systems. 
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For subsurface treatment or disposal processes, the following hydrogeological conditions 
must be known: 

¶ Soil permeabilityτSoil permeability sometimes with depth and location. If the soil is 
not permeable enough to accommodate the effluent flow rate, effluent will flow to 
the ground surface. This is known as ponding. 

¶ The seasonal high water table ς Adequate treatment of effluent requires sufficient 
travel time in the unsaturated zone above the water table to prevent groundwater 
contamination and allow oxidation. 

 
In an arid climate, evaporation ponds can be considered for effluent disposal. For this to 
work, average annual evaporation must be greater than average annual precipitation, which 
is not common in the targeted countries 

 

B-4.2.9 Social considerations  

wŜǎƛŘŜƴǘǎΩ ƪƴƻǿƭŜŘƎŜΣ ŀǘǘƛǘǳŘŜΣ ƻǇƛƴƛƻƴǎΣ ŀƴŘ ǇǊŜƧǳŘƛŎŜǎ ŀōƻǳǘ ǿŀǎǘŜ ŘƛǎǇƻǎŀƭ Ŏŀƴ 
determine whether a treatment technology will work in a particular culture. For example, 
some cultures have an aversion to any contact with human wastes, so a composting toilet 
would be inappropriate for their communities. Local consultants and government officials 
should account for cultural issues when choosing a treatment technology. 

 

B-4.2.10 Effluent v olume  

The volume of effluent to be discharged determines appropriate effluent disposal methods. 
Low and medium effluent volumes can often be discharged below the ground if local soil 
conditions are suitable. If the effluent is high in contaminants, and the local drinking water 
source is groundwater, a different option should be considered. For higher volumes, marine 
outfall disposals may be more suitable because of the large diluting capacity of the open 
ocean. Planners must ensure that water quality standards for the receiving water are met. 

 

B-4.2.11 Opportunities for r euse 

In many locations in the targeted countries properly treated effluent and sludge from 
wastewater treatment plants can be reused for beneficial purposes. Reuse has the double 
benefit of removing a discharge of nutrients and other contaminants from receiving waters 
while reducing pressure on water supply systems by providing an alternate water source. 
Wastewater can be used for many purposes including street washing, cooling water, and 
other industrial uses, irrigation of feed or fodder crops, landscaping irrigation, use in 
separate toilet water flushing systems, or in indirect or direct potable reuse.  

The scope of this section does not provide for detailed development of reuse requirements 
and controls. Wastewater reuse for irrigation requires careful design of the overall water 
management program including, often, provisions for wastewater storage when irrigation 
demands are low. Wastewater loading may be limited by several factors including nutrients, 
hydraulic needs, or heavy metal or total dissolved salt content in the wastewater. In many 
cases wastewater application rates are determined by hydraulic requirements. Often sludge 
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application rates are controlled by crop uptake rates for sludge nitrogen or by heavy metal 
content in the sludge.  

Depending on the use, effective disinfection is a key requirement for reuse systems. 
Regulations for reuse in many countries require effluent filtration and nearly complete 
removal of pathogen indicators prior to unrestricted use of wastewater effluent for 
irrigation. Indirect wastewater reuse for potable purposes is practised in many locations 
where wastewater effluents enter groundwater, either through direct infiltration or through 
exfiltration from lakes and streams, which becomes a subsequent source of water supply. In 
these cases, removal of nitrates is often required to limit build-up of nitrate concentrations 
in the ground water. 

 

B-4.2.12 Assumptions used to develop the decision t ree 

The following assumptions were used in developing the decision tree for domestic sewage 
treatment processes: 

ω A reasonable attempt should be made to reduce the amount of wastewater 
generated. The less wastewater generated, the less costly the treatment. 

ω For low-income, rural communities, nutrient removal and advanced treatment may 
not economically or socially feasible. Many low-technology processes, like wetlands 
or lagoons, can be effective in removal of nitrogen without need for sophisticated 
operations control. These processes are not so effective in removal of phosphorus, 
however. 

ω For many communities in the targeted countries, land-intensive, low-cost, and low-
maintenance technologies (natural systems) are appropriate. Hydrogeological 
conditions affect the selection of an appropriate treatment technology. Most of the 
technologies provide excellent treatment, but some fail to remove nutrients. If the 
effluent is discharged into an estuary, bay, lake, or stream and eutrophication is a 
concern, nutrient removal processes should be considered. 

ω For urbanised areas with effective management control and access to skilled 
labour, conventional, energy-intensive technologies may be appropriate because 
land is too expensive for natural systems. The most appropriate technology for a 
given problem depends in this case on receiving water requirements.  

ω For discharge to non-sensitive areas such as to open marine water through a long 
outfall pipe, primary or lagoon treatment may meet discharge receiving water 
requirements and no further treatment is necessary. If discharge is to a river or 
estuary which is sensitive to dissolved oxygen depletion, then secondary treatment, 
as a minimum, is called for. If effluent is discharged to an environment that is 
sensitive to nutrients, such as a coral reef, estuary or lake, then nutrient removal 
may be needed to avoid destruction of the coral reef community or eutrophication 
of the lake. 

ω Conventional, mechanical treatment technologies do not necessarily provide better 
treatment efficiency than natural treatment systems such as lagoons, wetlands, or 
sand filters. Natural systems can be effective if space is available, they are always 



44 
 

recommended over mechanical systems because they are easy to operate and 
virtually maintenance-free.  

 

The decision tree is intended to be used as a guide for selection of appropriate technologies 
for domestic wastewater treatment for communities in the Targeted countries. Unusual 
needs or circumstances, however, may make it appropriate to use technologies for a given 
community which would not be indicated by the decision tree. Planners need to use their 
own good judgement when special circumstances arise to identify and select the most 
appropriate technologies for a given community.  

¢ƘŜ ǉǳŜǎǘƛƻƴǎ ƭƛǎǘŜŘ ƛƴ ǘƘŜ ŘŜŎƛǎƛƻƴ ǘǊŜŜΣ ǎǳŎƘ ŀǎ άLǎ ƛƴŜȄǇŜƴǎƛǾŜ ƭŀƴŘ ŀǾŀƛƭŀōƭŜΚέ ƻǊ άLǎ ƘƛƎƘ 
power use cost-ǇǊƻƘƛōƛǘƛǾŜΚέ ǿŜǊŜ ƛƴǘŜƴŘŜŘ ǘƻ ōŜ ǊŜƭŀǘƛǾŜΦ Different options need to be 
compared to establish the right technology for a given community.  For a given community a 
land-based alternative such as lagoons or wetlands could be initially compared to a 
conventional alternative, either secondary treatment or primary treatment and outfall 
discharge, depending on the receiving water requirements. ²ƘŜǘƘŜǊ ǇƻǿŜǊ ǳǎŜ ƛǎ άŎƻǎǘ-
ǇǊƻƘƛōƛǘƛǾŜέ ƻǊ ƴƻǘ ŘŜǇŜƴŘǎ ƴƻǘ Ƨǳǎǘ ƻƴ ǘƘŜ ƭƻŎŀƭ Ŏƻǎǘ ƻŦ ǇƻǿŜǊΣ ōǳǘ ŀƭǎƻ ƻƴ ǘƘŜ ǊŜƭŀǘƛǾŜ Ŏƻǎǘ 
of other alternatives. Only after the local costs and impacts of different alternatives have 
been compared can the relative questions in the decision tree be finally answered. In this 
way a series of alternatives can be screened to isolate the single alternative that is best for 
the community. 

 

B-4.3 Industrial wastewater treatment  

Domestic dry-weather sewage flows to municipal treatment facilities are fairly uniform in 
daily volume, pollutant type, and pollutant concentration. BOD and TSS concentrations 
range from 150 to 400 mg/L, and there are seldom excessive concentrations of toxic 
chemicals. For this reason, municipal treatment facilities are designed to handle domestic 
wastewater that falls within a narrow range of pollutant composition. The range for different 
types of industrial wastewater is much broader. 

Industrial wastewater is the liquid waste generated by industries such as oil refineries, metal 
processing plants, leather tanneries, medical facilities, bottling factories, distilleries, and 
sugar processing plants. Industrial wastewater has a very wide range of volume, pollutant 
type, and pollutant concentration. The pollutants can be extremely complex, and often 
include more harmful chemicals and toxics than found in domestic sewage. The wide range 
of pollutant composition in industrial wastewater, along with the number of available 
processes and combinations of processes, precludes a brief, simple description of all the 
treatment processes used for its treatment. Even similar industries produce wastewater of 
highly varying composition, depending on the production processes used.  

The methodology presented here focuses on removal of pollutants considered to be priority 
contaminants in the targeted countries; the scope of this study did not allow consideration 
of all important pollutants and processes for removing them. The absence of discussion 
about an industrial pollutant in this report is not intended to indicate that removal of that 
pollutant can be overlooked in selecting treatment technologies. The following steps should 
be taken before beginning the process of identifying appropriate technologies for an 
industrial waste stream: 



45 
 

ω An extensive survey must be completed of waste stream characteristics. Because 
the pollutant composition of wastewater from every factory or industry is unique, it 
is crucial to identify the wastewater content precisely. 

ω Provisions should be made for spill containment.  

ω Every effort should be made to minimise the amount of waste produced. This 
involves experimentation, alteration, and fine-tuning of the production process. It 
is often less expensive to reduce waste than to treat it. Treated wastewater should 
be reused within the plant whenever it is cost-effective. Many factories and oil 
refineries can reuse treated wastewater as cooling water or for housekeeping, but 
this usually requires a very high quality effluent. 

ω It must be determined where the treated wastewater will be disposed and the 
degree of treatment needed to preclude adverse impacts to human health and the 
environment. If it will be disposed in the surrounding environment, the wastewater 
must be treated to a high degree of purity. This is often uneconomical. It is 
required, of course, where there is no municipal facility to accommodate the 
wastewater. Where discharge is to a municipal facility, pre-treatment is necessary 
because municipal treatment facilities are designed to handle waste within a 
narrow range of pollutant composition. Since industrial wastewater rarely falls into 
this range, its discharge without treatment could impair municipal treatment 
processes. Therefore, the goal of industrial sewage treatment processes is not 
always to produce a high quality effluent, but to make the wastewater suitable for 
municipal treatment. 

ω Identification of the appropriate treatment processes, using the decision tree 
described below, should take place after characterising the wastewater 
composition and determining the level of treatment needed. 

ω When an appropriate treatment process has been identified, pilot, or small-scale, 
tests should be run to find out how effective the process is on the waste to be 
treated. It is crucial to continue monitoring the effluent to find out the 
effectiveness of the treatment process. After fine-tuning the process, the selected 
treatment technology should be applied to the entire waste flow. 

 

B-4.3.1 Decision tree criteria  

Figure B16 provides a simplified decision tree for selecting an appropriate treatment 
technology for industrial wastewater. Using the tree generates a list of technologies that can 
be used as the best available technology. The decision tree for industrial wastewater 
treatment identifies processes that remove specific pollutants that typical industries in the 
targeted countries produce. It requires knowledge of the pollutants present in the waste 
stream. Selecting an appropriate technology from the decision tree list requires an in-depth 
analysis of the wastewater constituents in the waste stream and the degree of treatment 
needed before discharge into a municipal sewer. The main pollutants that industrial pre-
treatment processes must remove before discharging to public sewers are oils, metals, 
volatile and refractory organic materials, dissolved and suspended solids, and concentrated 
BOD loads. Only the most common unit processes for treatment of industrial wastes 
common in the targeted countries are ƛƴŎƭǳŘŜŘ ƛƴ ǘƘŜ ŘŜŎƛǎƛƻƴ ǘǊŜŜΦ {ŜŜ ǘƘŜ ǎŜŎǘƛƻƴ άhǘƘŜǊ 
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tǊƻŎŜǎǎŜǎέ ōŜƭƻǿ ŦƻǊ ŎƻƴǎƛŘŜǊŀǘƛƻƴ ƻŦ ǎƻƳŜ ƻŦ ǘƘŜ ǳƴƛǘ ǇǊƻŎŜǎǎŜǎ ǘƘŀǘ ƘŀǾŜ ōŜŜƴ ƻƳƛǘǘŜŘΦ 
 

B-4.3.2 Oils and grease 

Of all industries, oil refineries discharge the greatest BOD load to marine waters. Other 
industries, such as slaughterhouses and food processing factories, also produce large 
quantities of oil and grease. Not only do oils generate a high BOD demand on receiving 
waters, they also are toxic to aquatic life, clog screens and filters, and reduce activated 
sludge efficiency in downstream municipal treatment processes. Oil-water separation 
devices are very effective for oily waters, but are not effective for emulsified oils. Emulsified 
oils and particularly greases can accumulate in sewers and conveyance lines, causing a 
severe reduction in flow capacity. 

 

B-4.3.3 Metals 

The primary sources of metals are metal-processing and plating plants, hospital or medical 
facilities, oil refineries, tanneries, pesticide producers, and the paint industry. Most metals 
are highly toxic to aquatic life and humans, so they should be removed prior to biological 
treatment. Metals can accumulate in aquatic life, so even if effluent discharges contains 
metal concentrations below toxic levels, concentrations in aquatic animals, particularly 
shellfish can accumulate to dangerous levels. Some strains of microbiology are able to 
continue functioning when metals are present in significant concentrations, but they always 
function more efficiently if the wastewater is free from metals. Coagulation/precipitation 
and demineralisation processes remove metals from waste streams. 

 

B-4.3.4 Volatile c ompounds  

Volatile organic compounds and other volatile chemicals will eventually be removed by 
natural processes. However, some of these compounds are odorous or hazardous, and 
should be removed into a controlled environment rather than into the open atmosphere. Air 
stripping and aerated biological processes remove volatile compounds. 

 

B-4.3.5 High soluble BOD loads 

Municipal wastewater facilities are designed to remove biochemical oxygen demands in the 
150 to 400 mg L-1 range. If BOD concentrations are not significantly higher than this, then 
ƛƴŘǳǎǘǊƛŜǎ ŘƻƴΩǘ ƴŜŜŘ ǘƻ ǊŜƳƻǾŜ .h5 ōŜŦƻǊŜ ŘƛǎŎƘŀǊƎƛƴƎ ǘƻ ŀ ƳǳƴƛŎƛǇŀƭ ǎŜǿŜǊΦ IƻǿŜǾŜǊΣ 
many industries, particularly food processing and bottling industries, distilleries, chemical 
manufacturing plants, slaughterhouses, and meat packing plants produce high-strength 
wastewater with BOD concentrations up to 50,000 mg L-1. If such a high-strength 
wastewater entered a municipal treatment process, it would overload the biological 
processes, may not be treated adequately, and could be discharged as an effluent of very 
poor quality. Anaerobic and aerobic biological processes remove high soluble BOD loads. 
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Figure B16 : Decision tree for appropriate industrial sewage treatment  

 

B-4.3.6 Suspended solids  

Most factories and industries produce waste streams high in suspended solids 
concentrations. High suspended solids concentrations have an adverse effect on the 
environment and make other wastewater treatment processes less efficient. Sedimentation 
processes remove large amounts of suspended solids, and filtration processes are effective 
as polishing processes. 

 

B-4.3.7 Refractory o rganics  

Refractory organics are not biodegradable, so they are difficult to remove through biological 
treatment. Phenols are the primary refractory organic in industrial wastewater. Very high 
concentrations of phenols are found in wastewater from food processing plants, oil 
refineries, metal processing and plating factories, and many other industries found in the 
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targeted countries. Refractory organics are extremely toxic to aquatic life and will inhibit 
biological treatment of the degradable pollutants. High concentrations of refractory organics 
are typically treated with solvent extraction processes while activated carbon adsorption or 
chemical oxidation is commonly used to remove refractory organics at more moderate 
concentrations. 

 

B-4.3.8 Dissolved solids  

Effluent with high dissolved solids concentrations is not only harmful for freshwater aquatic 
life, it creates a scaly build-up and other corrosion problems as it travels through pipes and 
conduits. This is a problem if the effluent is discharged to public sewers or reused within the 
plant. If reuse water at a plant is consistently high in dissolved solids, the scaly build-up in 
the plant reuse piping will quickly cause complications. Demineralisation processes remove 
dissolved solids. 

 

B-4.3.9 Other processes 

As previously mentioned, several processes used to treat industrial wastewater are not 
addressed in the decision tree. Some of these include the following: 

ω Equalisation is a very important process for most industrial wastewater treatment 
plants. An equalisation basin serves as a holding tank that controls fluctuations in 
wastewater flows to ensure good performance of processes downstream. The 
basin receives the wastewater, which varies in composition and volume, and 
discharges a steady flow of uniform composition. Mechanical mixing is usually 
provided. The main purposes of equalisation for industrial treatment processes are 
as follows: 

ς To dampen surges in the flow volume 

ς To control pH 

ς To provide a continuous feed of wastewater to biological systems even when 
no wastewater is being generated 

ς ¢ƻ ǇǊŜǾŜƴǘ ŀ άǎƭǳƎέ ƻŦ ǘƻȄƛŎ ƳŀǘŜǊƛŀƭ ŦǊƻƳ ǳǇǎŜǘǘƛƴƎ ŘƻǿƴǎǘǊŜŀƳ ōƛƻƭƻƎƛŎŀƭ 
processes. 

ω Neutralisation, or pH control, occurs naturally to some extent in equalisation 
basins. If the waste stream is not neutralised, lime, caustic, or acid can be added to 
lower or elevate the pH. Most biological treatment processes operate optimally 
when the wastewater is within the range of 6 to 9 pH units. The purpose of pH 
control is to ensure that the wastewater is within this range. 

ω Supplemental nutrients may be necessary with certain industrial wastewater. 
Because some industries produce wastes with extremely high BOD loads, and 
relatively low concentrations of nutrients (nitrogen and phosphorus), nutrients may 
need to be added to ensure proper operation of biological processes. Biological 
processes will be impaired if nutrients are deficient. 

ω Chemical oxidation is a process used to break down pollutants, such as pesticides, 
that are ordinarily difficult to biodegrade. Common chemical oxidants are chlorine, 
ozone, hydrogen peroxide, and potassium permanganate. 
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B-4.3.10 Assumptions used to develop the decision t ree 

The following assumptions were used in developing the decision tree for industrial sewage 
treatment processes: 

ω Most appropriate treatment technologies require a medium to high level of 
operator skill. It is assumed that personnel qualified to operate industrial treatment 
facilities are available. 

ω Some of these processes are expensive, but cost is not explicitly addressed in the 
decision tree. 

ω The order in which the decision tree questions appear is the order in which the 
treatment chain usually progresses. However, there are exceptions. An example is 
that refractory organics can be removed in biological activated sludge processes by 
adding powdered activated carbon. They also can be removed with granular 
activated carbon filtration units, which are used later in the treatment process so 
that suspended solids do not clog the filtration media. Other examples are given in 
the facts sheets. 

ω There is some overlap in the role of each of the removal mechanisms. Coagulation 
processes remove not only toxic metals, but also suspended solids. Biological 
treatment removes not only soluble BOD, but also some volatile organic material. 
The user should be aware of this overlap. 

ω With the exception of lagoon systems, most industrial sewage treatment processes 
can not use natural systems as many domestic sewage treatment processes do. 
Most industrial sewage treatment processes are energy-intensive, mechanised 
processes. Therefore, industrial sewage treatment processes are more immune to 
environmental conditions than domestic sewage treatment processes. 

 

B-4.4 Solids treatment and disposal  

All technologies for removing pollutants from sewage and industrial wastewater generate 
residual materials in the form of waste solids, or sludge. In developed countries in northern 
climates, sludge treatment typically requires as much capital and operating and maintenance 
cost as treatment processes for liquid flows. In developing regions in equatorial climates, 
sludge management typically consists of sludge lagoons and drying beds with disposal of 
residuals to the land, which is generally less expensive to build and operate than liquid 
treatment technologies. If the liquid treatment technology is lagoon treatment, sludge 
treatment facilities normally are not required, since sludge is left to stabilise on the bottom 
of the lagoon. Periodic removal by dredging is the only sludge disposal practice required. For 
more mechanised liquid treatment technologies such as activated sludge and fixed film 
processes, however, significant quantities of residual sludge are generated that must be 
treated and disposed.  

This discussion addresses only the basic sludge treatment technologies of thickening, 
stabilisation, and dewatering. For industrial sludge and for special needs in treatment works 
for high density population centres, high temperature processes such as incineration, heat 
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drying, and high temperature wet air oxidation may be appropriate, but these technologies 
are not discussed in this report. 

 

B-4.4.1 Loadings 

The first step in planning for sludge treatment and disposal is to identify the quantity of 
sludge produced by the liquid process. The following formula is useful for predicting sludge 
quantities for a number of activated sludge secondary treatment processes: 

TSSp = TSSin + (Y H SBODr ς kd H INVvss)/VSSr ς ET 

where: 

TSSp = Total sludge production, kg per day (kg d-1) 

TSSin = Total suspended solids influent to the secondary treatment process, kg d-1
 

Y = Yield coefficient (0.5-0.8), kg volatile sludge produced per kg soluble BOD 
removed 

SBODr = Soluble BOD removed in the liquid treatment process, kg d-1 

kd = Decay coefficient, day-1 = 0.03 ς 0.08 

INVvss = Inventory of volatile solids in the liquid treatment process, kg 

VSSr = Ratio of volatile to total solids in the liquid treatment inventory 

ET  = Effluent suspended solids, kg d-1
 

For systems that operate with a very long sludge age, so that volatile solids influent to the 
liquid treatment process have an opportunity to break down, the following formula may be 
more appropriate: 

TSSp = (Y H TBODr ς kd H INVvss)/VSSr ς ET 

where: 

Y = Yield coefficient (0.5-0.8), kg volatile sludge produced per kg total BOD 
removed 

TBODr = Total BOD removed in the liquid treatment process, kg d-1 

kd = Decay coefficient, day-1 = 0.03 to 0.08 

For fixed growth biological processes, such as trickling filters, the following formula is 
suggested (U.S. EPA, 1979): 

TSSp  = Px + TSSin ς ET 

where 

Px = Y H BODr ς kd H Am 
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Am = Media surface area in the reactor, square meters 

For primary and other physical or chemical treatment processes, solids mass balances must 
be performed and chemical reactions considered to predict the appropriate quantity of 
sludge that will be produced under full-scale operation. 

 

B-4.4.2 Decision tree criteria  

Figure B17 presents a simple decision tree for selection of basic solids treatment and 
disposal technologies.  

 

 

Figure B17 : Decision tree for appropriate sludge disposal  

 

B-4.4.3 Thickening  

Sludge wasted from the liquid treatment process may be very dilute. Since sludge 
stabilisation treatment reactors can be very expensive and are frequently designed on the 
basis of hydraulic residence time, it is advantageous to reduce the water content of sludge 
sent to solids treatment. A waste sludge from the aeration tank of an activated sludge 
process, for example, will typically have a concentration of 2,000 to 3,000 mg L-1 or 0.2 to 0.3 
percent dry solids by weight. Thickening processes can increase the solids content of such 
sludge to 6 to 8 percent, an increase of over 30-fold. This decreases the size of subsequent 
treatment reactors by a corresponding amount. 
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B-4.4.4 Stabilisation  

If sludge is to be beneficially reused as a soil amendment or otherwise come in contact with 
the community, it is imperative that putrescible materials in the sludge be decomposed to 
ǇǊŜǾŜƴǘ ƻŘƻǳǊǎ ŀǘ ǘƘŜ ŀǇǇƭƛŎŀǘƛƻƴ ǎƛǘŜ ŀƴŘ ŀǘǘǊŀŎǘƛƻƴ ƻŦ ǊƻŘŜƴǘǎ ŀƴŘ ƻǘƘŜǊ άǾŜŎǘƻǊǎέ ǘƘŀǘ Ŏŀƴ 
spread contaminants to the human population. In the United States, the Environmental 
Protection Agency has completed an exhaustive process of regulatory review leading to the 
ǇǊƻƳǳƭƎŀǘƛƻƴ ƻŦ ǎƭǳŘƎŜ ŘƛǎǇƻǎŀƭ ǊŜƎǳƭŀǘƛƻƴǎ ǘƘŀǘ ƛƴŎƭǳŘŜ ǊŜǉǳƛǊŜƳŜƴǘǎ ŦƻǊ ǊŜŘǳŎƛƴƎ άǾŜŎǘƻǊ 
ŀǘǘǊŀŎǘƛƻƴέ ƛƴ ǎƭǳŘƎŜ ǘƘŀǘ ǿƛƭƭ ōŜ ŀǇǇƭƛŜŘ ǘƻ ǘƘŜ ƭŀƴŘΦ ¢ȅǇƛŎŀƭ ǎǘŀōƛƭƛǎŀǘƛƻƴ ǇǊƻŎŜǎǎŜǎ ŀǊŜ 
anaerobic or aerobic digestion, composting, and sludge lagoon storage. 

 

B-4.4.5 Dewatering  

Disposal or reuse of sludge may be more economical or efficient with further reduction in 
water content following treatment. Processes similar to those used for thickening sludge 
may also be used to dewater them further prior to final disposal or reuse.  

 

B-4.4.6 Cold digestion / Drying lagoons  

A sludge management technique that is especially cost-effective for targeted countries 
applications in hot climates with a prolonged dry season are cold digestion/drying (CDD) 
lagoons. CDD lagoons fulfil all of the functions of sludge thickening, stabilisation, dewatering, 
and storage in a series of earthen basins. Waste activated sludge can be pumped to CDD 
lagoons in relatively dilute form and converted to a dried product of 25-30 percent solids 
concentration after a fill period of one year and a drying period of an additional year. Where 
land area is available CDD lagoons are a highly appropriate technology for the targeted 
countries.  

 

B-4.4.7 Land application  

Wastewater treatment sludge may have agronomic value. It can provide nutrientsτ
especially nitrogen and phosphorusτand organic material that contribute to soil tilth by 
building the humic resources of the soil. Sludge disposal by land application is therefore a 
widespread and sound method of disposal which may provide for beneficial reuse of sludge 
nutrient and organic value. Land application may be by tank truck, by spraying through large 
bore sprinklers, by injection, ridge and furrow application, or by spreading of dewatered 
material. Consideration of detailed land application methodologies and limiting loading rates 
is beyond the scope of the current report. In general, sludge appreciation to agricultural land 
is limited by sludge nitrogen uptake by the agricultural or silivicultural crop. Heavy metal 
content, however, may also limit long-term loading rates. The EPA sludge disposal 
regulations provide good background data and a methodology for determining limiting 
sludge loading rates. 

 

B-4.4.8 Landfill  

Sludge that contains heavy metals or other toxic materials that prevent its use as a soil 
amendment must be disposed of in a landfill. Sludge landfilling can be achieved in various 
waysτsludge only trench fill, sludge only area fill, and co-disposal with refuse. See EPA 1979 



53 
 

for detailed criteria. 

 

B-4.4.9 Septage handling and disposal  

With a large percentage of the populace in the targeted countries served by septic tank 
systems, the need exists for consideration of septage handling and disposal. A common 
practice at present is for septage to be dumped at landfills and sewage treatment plants, 
although this practice is no longer an option in Europe. A US EPA handbook, Septage 
Treatment and Disposal (EPA 1984) gives design data for septage characterisation, receiving 
station design, land disposal of septage, co-treatment of septage and sewage, and 
independent treatment of septage. It also provides fact sheets for receiving stations, land 
disposal, lagoons, composting, lime stabilisation, and odour control. 

 

B-4.5 Costs 

A crucial element in the process of selecting an appropriate technology for wastewater 
treatment is to identify realistic costs for alternatives. Cost estimating is local by its nature. 
So any analysis of cost issues for wastewater treatment technologies that would be 
applicable throughout the targeted countries needs to bear this in mind.  

The literature review prepared as a part of this report did not uncover any comprehensive 
cost guides that would be helpful to local planners in the targeted countries. The U. S. EPA in 
the 1970s prepared a series of cost curves that were used widely in wastewater technology 
fact sheets. An example would be the Innovative and Alternative Technology Assessment 
Manual (US EPA February 1980.) This manual contains fact sheets for approximately 100 
different wastewater treatment technologies. Most of these fact sheets contain cost curves 
for construction and operating and maintenance costs. These costs were based on the 
surveys conducted by EPA in the mid 1970s. Today these data are of limited value, since 
comparable studies have not been completed to update the costs to current conditions. 
Furthermore, these cost data were gathered in the United States and would not be 
applicable to different countries where costs for labour and imported equipment vary 
greatly from the conditions found in the United States. By necessity, therefore, cost 
comparisons of technologies for wastewater treatment in the targeted countries must be 
prepared locally, by planners and engineers with an understanding of the local economy and 
construction industry.   

 

B-4.6 Achievable treatment efficiencies  

This section has not considered receiving water quality needs based on chemical, 
oceanographic, or ecological requirements of the coastal waters of the targeted countries. 
The section has rather considered wastewater treatment technologies and their potential to 
remove contaminants. To the extent that effluent standards are based on the capabilities of 
available technology, however, this section can serve as supporting documentation for the 
standards evaluating process for the targeted countries.  
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B-5 Presentation of logistical, technological, legal, environmental, health 

and organizational aspects and evaluation  of these Biotech considering 

these aspects 

 

In order to protect water resources and the environment, the sanitation policy should be 
based particularly on the conservation of these existing resources and valorization of treated 
wastewater in order to contribute to the protection of public health based on a specific 
management and regulation of treated wastewater reuse by applying legal processes (the 
regulatory framework for the reuse of treated wastewater). As such, to remedy this increase 
in pollution, sanitation policy has become very important in order to manage this risk by 
protecting the environment. It relies particularly on the conservation of the existing 
resources, recovery of treated wastewater to contribute to the preservation of public health 
and economic development. 
The strategy of the African countries water resources sector aims to wastewater treatment 
through the implementation of sewage treatment plants so as to purify all wastewater 
discharges and reuse the treated water for agricultural purposes. 
 
B-5.1.Legislation and regulation 

Water has many uses so that any quality management or regulatory system has to 

consider numerous requirements and constrains. The use of treated wastewater for non-

potable purposes through or replacing potable water used for non-potable purposes is 

encouraged. Therefore, water quality control measures must strike a balance between the 

needs of supply services and effluents discharge requirements. The concept of integrated 

pollution control is highly relevant to the effective conservation and managements of our 

water resources. For these reasons, every country in the world is looking to enforce 

legislations to protect this indispensable resource for life. 

In terms of regulations and standards, the European Directive n° 91/271 of 21/05/91 relating 

to the treatment of urban waste water seems to be the most appropriate and the one used 

in African countries. Other directives have been adopted or transposed into national 

regulation by these countries to regulate all procedures and administrative instruments that 

allow the management and protection of water resources. The Directive 2006/11/EC of 

02/15/06 is also used for the pollution caused by dangerous substances discharged into the 

aquatic environment of the Community. The application of these directives is due to the 

installation of several WWTP that utilizes European standards and the existence of some 

waste water treatment companies in African countries like SEEAL (France) in Algeria. 

The values for concentration or for percentage of reduction shall be applied and respected 

by African countries Table B4  

 

Table B4: Requirements for discharges from urban waste treatment plants 
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Parameters Concentration 
Minimum 

percentage of 
reduction

(1)
 

Reference method of measurement 

Biochemical Oxygen 
demand 

(DBO5 at 20°C)
(2)

 
25 mg/L O2 

70-90 
 

Homogenized, unfiltered, undecanted 
sample. Determination of dissolved oxygen 
before and after five-day incubation at 20°C 
+/- 1 °C, in complete darkness. Addition of 
nitrification inhibitor 

Chemical Oxygen 
demand (COD) 

125 mg/L O2 75 
Homogenized, unfiltered, undecanted sample 
Potassium dichromate 

Total suspended 
solids 

35 mg/L
(3)

 
35 (more than 

10000 p.e.) 
60 (2000-10000 

p.e.) 
 
 

90
(3)

 
90(more than 
10000 p.e.) 

70(2000-10000 
p.e.) 

 

-Filtering of a representative sample through 
ŀ лΣпр ˃Ƴ ŦƛƭǘŜr membrane. Drying at 105°C 
and weighing 
- Centrifuging of a representative sample ( for 
a least five minutes with mean acceleration of 
2800 to 3200 s) drying at 105°C and weighing 

(1) Reduction in relation to the load of the influent. 
(2) The parameter can be replaced by another parameter, total organic carbon (TOC) or 

total oxygen demand (TOD) if a relationship can be established between BOD5 and 
the substitute parameter. 

(3)  This requirement is optional. 
 
The Northern African countries such as Algeria, Tunisia, Morocco and Egypt have water 
resources limited and they give priority to wastewater treatment. In these countries, the 
need for the reuse of treated wastewater is very important, with the consideration of 
protection of the receiving environment. They are contemplating guidelines and/or 
regulations concerning wastewater recycling and reuse (Table B5). The existing guidelines 
are necessary for the planning and safe implementation of water recycling. However, a 
number of potential benefits may be gained in providing minimum requirements, which 
should constitute the basis of water, reuse regulations in the North African region 
threatened by water scarcity. 
 

Table B5: Legislation for treated wastewater reuse 
 

Country 
Existence of 
legislation 

Contemplating 
legislation 

Algeria  V programme -strategy 

Tunisia V   

Morocco  V  

Egypt  V programme - strategy 

 
B-5.2. Logistical aspect 
Logistics will facilitate the collection and transport of wastewater to the WWTP. Firstly, it is 
necessary to ensure the separate collection of urban and industrial wastewater output, 
through their separation and spill their harvest in separate pipes. This is not the case in the 
African countries where the water collection pipes are usually unique. The flow of waste 
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water is then transported to the WWTP either using pumps or gravity. The second is being 
the most suitable for the African countries. Grilles and screens must be installed to hold 
successively bulky waste. Grit and oiling respectively are obtained by sedimentation and 
flotation. Biotechnological treatment of water is then carried out thanks to the 
implementation of Sequential basins. An analytical laboratory must be set up to analyze 
water samples daily entry and purified water.  
Besides, sludge pumping, flow control and performance with periodic tests, the officer must 
monitor the operating behavior of the equipment and note any abnormal phenomenon: 
rising sludge, odor, excessive foam, etc. It must ensure the cleanliness of the weir to ensure 
a uniform flow. 
 
B-5.3.Environmental aspect 
The increasing world population tends to concentrate in urban communities. In densely 
populated areas the sanitary collection, treatment and disposal of wastewater flows are 
essential to control the transmission of waterborne diseases. They are also essential for the 
prevention of non-reversible degradation of the urban environment itself and of the aquatic 
systems that support the hydrological cycle, as well as for the protection of food production 
and biodiversity in the region surrounding the urban area. For rural populations, which still 
account for 75 % of the total population in developing countries (WHO, 1992), concern for 
public health is the main justification for investing in water and sanitation improvement. In 
both settings, the selected technologies should be environmentally sustainable, appropriate 
to the local conditions, acceptable to the users, and affordable to those who have to pay for 
them. Simple solutions like biotechnological way, that are easily replicable, that allow 
further upgrading with subsequent development are often considered the most appropriate 
and cost-effective. The negligence of rejected wastewater quality problems often leads to a 
waste of (economic) resources, resources that might have been used for other purposes if 
the water quality problems had been given proper attention in the first place. On the other 
hand the use of renewable energy to ensure the energy needs for the WWTP will be benefit 
for the environment protection. 
In terms of environmental, samples should be continually collected at the outlet of 
treatment wastewater plants each day at regular intervals and this while taking care to not 
damage them during their transport to laboratories. The minimum number of samples to be 
taken at regular intervals during a whole year is determined according to the size of the 
sewage treatment plant.  
 
B-5.4. Healthy and organizational aspects 
A growing world population, unrelenting urbanization, increasing scarcity of good quality 
water resources and rising fertilizer prices are the driving forces behind the accelerating 
upward trend in the use of wastewater, excreta and grey water for agriculture and 
aquaculture. The health risks associated with this practice have been long recognized, but 
regulatory measures were, until recently, based on rigid guideline values whose application 
often was incompatible with the socio-economic settings where most wastewater use takes 
place. The Wastewater reclamation and its reuse are being of development and in practice in 
the North African countries respecting the criteria and the European guidelines for 
wastewater reclamation and its reuse. These guidelines essentially follow the WHO ones, 
they should contribute to a better management of water resources, a better protection of 
public health and of the environment and to a more sustainable development. 



57 
 

In view of the current demand for water, it is of great importance that the development of 
reuse of wastewater treated prevents negative effects on environment and public health 
since wastewater content in mineral and organic trace substances and pathogens represents 
a risk for human health. Notice that the lack of access to safe drinking water and basic 
ǎŀƴƛǘŀǘƛƻƴ Ƴŀȅ ƘŀǾŜ ƻƴ ǇŜƻǇƭŜΩǎ ƘŜŀƭǘƘΣ ƻƴ ǘƘŜ ǊŜŘǳŎǘƛƻƴ ƻŦ ǇƻǾŜǊǘȅ ŀƴŘ ƻƴ ǎƻŎƛŀƭ ŀƴŘ 
economic development. It is essential to raise awareness among civil society of the values 
related to the protection, conservation and sustainable management of water resources. As 
recycled wastewater is a reliable source of water it must be taken into account when 
formulating a sustainable water policy. Wastewater reuse schemes are considered in the 
countries of North Africa for agricultural and landscape irrigation. These regions would like 
to become involved in setting up international best practices and follow up the guidelines 
related to the reuse of treated wastewater in order to take advantage of this potential. On 
the other hand, industrial reuse is rarely practiced, although it is gaining importance and is 
beginning to appear as a feasible water alternative to some industries. With world trend, 
each government must be developed its law and encourages wastewater reclamation and 
reuse in different regions to establish its safe practice in the large applications. 

The existing policies of the reuse wastewater in the African regions need to be oriented 
towards a better strategy according to the local sites conditions and climate change while 
minimizing health and environmental risks. In other words, guidelines are not enforceable 
but can be used in the development of an international program of water reuse in order to 
be applied by local government of countries.  

The use of reclaimed wastewater for irrigation has been progressively adopted by most 
countries of North Africa (Tunisia, Algeria, Morocco and Egypt) and countries regulations in 
this field are under preparation. Despite the fact that irrigation with wastewater is an 
effective treatment, but some other treatments must be performed for the protection of 
public health, the prevention of nuisances during storage and prevention of damage to the 
soils.  
Another appropriate approach should be established and managed regarding    the industrial 
wastewaters which exist in the arid regions in order to foresee the ecological risks and the 
water quality. A better control of polluting discharges over the long term should be 
considered. In addition, it is safe practice still requires better control and appropriate 
training of the personnel practicing it. 
 
B-5.5. Evaluation of Biotech 
As a result, the wastewater treatment could become an important management option for 
shore up conventional resources and reduce the environmental impact of discharges. Some 
regulatory problems remain to be addressed to assure high protection that has no 
undesirable impact on the environment or on public health. 
We are convinced that the conservation of water resources is a basic element to ensure 
social and economic development, health and welfare of the population. For this reason, we 
think that the biotech wastewater treatment systems are based on elements from 
bioclimatic construction; it remains a clean solution which can minimize the energy 
consumption while providing a healthy habitat.  
All countries must learn from the long term experience of the European partners which are 
in advance in the field of wastewater treatment. We conclude that a big part of all these 
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innovative technologies could find application in the African remote areas in order to find 
the different technical solutions which can find application. 
Land application of the treated wastewater is an effective water pollution control measure 

and a feasible alternative for increasing resources in water-scarce areas. The major benefits 

of wastewater reuse schemes are economic, environmental and health-related. During the 

last two decades the use of wastewater for irrigation of crops has been substantially 

increased. A judicious wastewater use policy transforms wastewater from an environmental 

and health liability to an economic and environmentally sound resource 
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C ɀ Biotechnologies for Targeted Countries  
 

This section of the report provides some summary information in relation to existing 

wastewater treatment works which have been identified, and characterized as far as 

possible, in the targeted countries. 

The purpose of this section is not to evaluate the efficiency of the wastewater treatment 

plant, even if some comments are made, but to see the possibility of proposing another 

biotechnology. 

C-1 Examples of WWTP Performance Data from Target Countries.  

 

This section outlines parameters pollutants in wastewater and some performance data from 

selected wastewater treatment plants in the different target countries: EGYPT, ALGERIA, 

SENEGAL, GHANA and TUNISIA. 

The main process treatments in these countries are: 

EGYPT: 1. Aerated Lagoon / 2. Activated Sludge 

ALGERIA, SENEGAL: 1. Activated Sludge / 2. Aerated Lagoon 

GHANA: 1. Stabilisation Ponds (natural lagoons) / 2. Activated Sludge / 3. Anaerobic Digester 

TUNISIA: 1. Actived Sludge / 2. Aerated Lagoon / 3. Trickiling 

MOROCO: 1. Stabilisation Ponds / 2. Actived Sludge / 3. Aerated Lagoons 

BURKINA FASO: 1. Aerated Lagoon 

 

From the results of the additional questionnaires, we have calculated some ratios: 

- C/N/P to show if the mass balance between these elements is verified. The aim is to 

have 100/5/1 

- BOD/COD to determine the biodegradability of the effluent. 

- and loading rate 
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Table C1: Results of the additional questionnaire from ɀEGYPT, ALGERIA and SENEGAL 

 

 

 

 

Q1 Wastewater treament plant: Horizontal Flow Constructed Wetland Aerated Lagoons Activated Sludge Activated Sludge

SEKEM WWTP SERABIUM WWTP CAMBERENE WWTP LOUGA WWTP

Inhabitant equivalent (-)

Q2 wastewater parameter

Inlet

Average/design Flows (m3/Days) 110 000 5000 15000 36984 600

Inlet outlet Removal (%) Inlet outlet Removal (%) Inlet outlet Removal (%) Inlet outlet Removal (%) Inlet outlet Removal (%) Inlet outlet Removal (%)

Organic matter

Total Suspended Solid (mg/L) 217,3 32,5 85,04 207 23,9 88,45 242,14 18,81 92,23 215,07 15,27 92,90 680 38 94,41 776 432 44,33

COD (mg/L) 800,3 174,3 78,22 322 83 74,22 221,63 24,84 88,79 359,86 26,68 92,59 1699 111 93,47 1664 599 64,00

BOD5 (mg/L) 356,7 102,5 71,26 188 61,3 67,39 460,07 5,41 98,82 175,04 4,81 97,25 1019 74 92,74 800 180 77,50

Hydrocarbon (mg/L)

Inorganic matter

Ammonia (N-NH4
+
) (mg/L) 53,5 21,8 59,25 18,4 18,5 -0,54 19,82 3,54 82,14 17,26 1,38 92,00

Nitrate (N-NO3
-
) (mg/L) 0,33 0,27 18,18 1,5 13,4 -793,33 15,91 7,3 54,12 4,55 7,97 -75,16

Total N (mg/L) 94,4 43,5 53,92

Kjeldahl Nitrogen (mg/L) 94,1 63,3 32,73 44,9 32,4 27,84 37,38 13,09 64,98 32,84 8,38 74,48 93 66 29,03 94 78 17,02

Phosphorus (Total P) (mg/L) 6,1 8,1 -32,79 4,82 2 58,51 4,27 2,06 51,76 15 8 46,67 20 11 45,00

Chloride (Cl
-
) (mg/L) 187 195 -4,28

Potassium (K
+
) (mg/L) 22 22 0,00

Magnesium (Mg+) (mg/L) 38 37 2,63

Calcium (Ca
2+

) (mg/L) 62 53 14,52

Sodium (Na
2+

) (mg/L) 134 130 2,99

Total alcalinity (mg/L) 274 305 -11,31 1230 1210 1,63

pH 6.8 - 8.3 7.1 - 8.3 7.7 7.9 7,69 7,33 7,38 7,41 7,44 7,44 7,32 7,82

Temperature (°C) 28 27 23 24.3 17 17 18 18

Conductivity (mS/cm) 1509 1315 1231 1287 2022 2003

Q3 Sludge

Quantity of sludge produced (kg/days) 676,28 1497,3 14175

Q4 Reuse of treated water (yes/no) yes only 25% yes yes partial use for agriculture yes 70% to 30% unused irrigation yes livestock watering

C/N/P 100/12/2,5 100/24/3 100/8/1 100/10/2,5 100/9 100/12

BOD5 / COD 0,45 0,58 2,08 0,49 0,60 0,48

Loading rate (gBOD5.m
-3

.d
-1

) 20,68 63,60 2,63 37,69

EGYPT ALGERIA SENEGAL

Activated Sludge Aerated Lagoons

200 000 20 000

ZEMMOURI WWTP  BOUMERDES WWTP

200 450 000 25000 75000
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C-1.1 Case 1: Senegal, Burkina Fasso and Ghana 

C-1.1.1 Louga WWTP ɀ Senegal 

¶ Technology: Aerated lagoon 

About the current treatment, only 44% of TSS, 64% of COD and 78% of BOD5 are eliminated. 
About these parameters (TSS: 50 mg.L-1 BOD5: 40 mg.L-1, COD 100 mg.L-1) Senegalese 
standards on are not respected for treated effluent and rejected. Standard objectives, like 
ONAS 2010, are not met for pollution parameters TSS: 85% BOD5: 85%, COD: 85%. 

Parameters on ammonia and nitrate (N-NH4
+ N-NO3

-) are missing but based on Kjeldahl 
nitrogen, yields on nitrogen are low of only 17%; the nitrification process is not good 
showing a problem with autotrophic bacteria. This is correlated with the fact that 
autotrophic bacteria did not use inorganic carbon for the degradation of ammonium. 

Propose another biotechnology is feasible since: 

(i) BOD5/COD ratio of 0.48 shows that the effluent is biodegradable 
(ii) the concentration of various nutrients in wastewater is equilibrated ratio 

(C/N/P=100/12) and meets the needs of bacteria found in activated sludge. 
(iii) the pH value is in agreement with the bacterial growth 

As additional information, the challenges faced by operators: The natural lagoon is currently 

out of service, only the aerated lagoon works. Electrical interference caused the default 

display flow meter. The settings are not compliant Senegalese rejection. Macrophytes have 

invaded the new anaerobic pond. The effluents have high pollution levels. Effluents are not 

always quantified by lack of flow meters output of WWTP. The average amount of water 

treated per day is 684 m3 d-1 with a nominal flow of 2000 m3 d-1. 

 

C-1.1.2 Cambérène WWTP ɀ Senegal 

¶ Technology: Activated Sludges 

Borrow the raw water processing circuit, the surplus goes rejection bypass. Performance of 
the plant and Senegalese standards are exceeded discharge for all pollution parameters. The 
daily flow reused rotates about 120 m3 d-1 is a 0.4% of the production capacity is about 5,700 
m3 tertiary d-1. At Station Cambérène, 10% rejected after tertiary treatment and only 10% of 
the water arriving at the station has biological treatment.  

About the current treatment, 94% of TSS, 94% of COD and 93% of BOD5 are eliminated. 
Senegalese standards on these parameters (TSS: 50 mg.L-1 BOD5: 40 mg.L-1, COD 100 mg.L-1) 
are respected for treated effluent and rejected. Standard objectives, like ONAS 2010, are 
met for pollution parameters TSS: 85% BOD5: 85%, COD: 85%. 

Parameters on ammonia and nitrate (N-NH4
+ N-NO3

-) are missing but based on Kjeldahl 
nitrogen, yields on nitrogen are low of only 29% ; the nitrification process is not good 
showing a problem with autotrophic bacteria. 
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Propose another biotechnology is feasible since: 

(i) BOD5/COD ratio of 0.60 shows that the effluent is biodegradable  
(ii) the concentration of various nutrients in wastewater is equilibrated ratio 

(C/N/P=100/10/2.5) and meets the needs of bacteria found in activated sludge. 
(iii) the pH value is in agreement with the bacterial growth 

 

Additional Information: the challenges faced by operators 

Processing capacity of the plant is widely exceeded. The major problems encountered in 
managing the processing unit are technical orders with power cuts that lead to pump 
failures, but also the lack of certain parts. To this must be added the lack of financial 
resources, low wages of workers and a lack of equipment. In addition, the transport of 
treated water to re-users is a barrier that limits water reuse. If a technical problem occurs, 
the time required for the repair is less than a day. Another challenge is the lack of potential 
users for water reuse. In fact, there is not enough gardeners and ready industrial reuse 
water already treated. Moreover, the barriers that limit the reuse of biogas and other low 
power generator that is about 300 KVA. 

¶ Average / expected flow (m3 h-1): 27000 / 38064 

¶ Treated water used: 70% to 30% unused irrigation 

¶ Biogas production: 7,950 m3 d-1. 

¶ Annual production of sludge in the order of 5,174,000 kg. 

It is therefore recommended to take measures to encourage companies to perform their 
own pre-treatment stations. 
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C-1.1.3 Presec WWTP, Accra, Ghana 

 

For this country, some informations are missing and it is impossible to make the synthesis as 
the other. So these informations are just included in this deliverable. 

Design Population - details of population figures for the school in various categories are as 
follows: 

¶ Resident Students in houses connected to WWTP: 1049 

¶ Combined figure of resident staff and their dependants: 230 
 

Variations in flows to the WWTP were determined as follows: 

¶ Normal daily peak flow: 5:00am to 6:00am  

¶ Annual Peak flow: Period when school is in session 

¶ Low flow periods: Vacation periods  
o (Late December to early January) 
o (Early April to late April) 
o (July to early September) 

 
Wastewater Flows 

The flow calculations were computed using the following assumptions: 

¶ Volume of waste water produced per capita for people staying on the campus using the 
WWTP is 30 L/cap/day. 

¶ Volume of waste water produced per capita for people living off the campus is 15 
l/cap/day. 

¶ Population of people staying on campus using the WWTP is 1,292 

¶ Population of people staying off the campus who will use the WWTP is 1,165 

¶ Estimated / theoretical daily wastewater generated is 63 m3/day. 

¶ REAL figure: 56 m3/day 
 

Wastewater Characteristics  

Table C2: Effluent characteristics, and quality requirement for reuse ɀ Ghana WWTP 

 

Parameters Unit Average real 
value 

EPA 
Value 

5-Day Biological Oxygen Demand (BOD5)  mg L-1 806 50 

Chemical Oxygen Demand (COD) mg L-1 1,352 250 

Total Suspended Solids (TSS) mg L-1 447 50 

Total Dissolved Solids (TDS) mg L-1 827 1000 

Total Coliforms per 100mL - < 400 
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Additional Information 

¶ The space available for the location of the plant is approximately 46m by 85m. 

¶ Treated water can be reused in Agriculture  
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C-1.2 Case 2: Egypt 

¶ Technology: Horizontal Flow Constructed Wetland 

About the current treatment, only 85% of TSS, 78% of COD and 71% of BOD5 are eliminated; 
the low removal of BOD5 is surprising.  

Standard objectives, like ONAS 2010, are not met for BOD5 85% and COD 85%. 

The removal of nitrogen in various forms (N-NH4
+ and N-NO3

-) is not in accordance; mainly 
for nitrate, so the denitrification step is involved. 

The denitrification process is not carried out completely, which results in such values in 
terms of nitrates. Denitrification effectively requires a proportion of carbon compounds 
readily biodegradable, but here the amount of BOD5 is sufficient since all the BOD5 was not 
eliminated. Moreover, in the effluent, no nutrient deficiency in wastewater is observed 
(C/N/P = 100/12/2.5) and the BOD5/N of 100/15 (= 6.7) is high enough to ensure sufficient 
denitrification. 

 

Propose another biotechnology is feasible since: 

(i) BOD5/COD ratio of 0.45 shows that the effluent is biodegradable  
(ii) the concentration of various nutrients in wastewater is equilibrated ratio 

(C/N/P=100/12/2.5) and meets the needs of bacteria found in activated sludge. 
(iii) the pH value is in agreement with the bacterial growth 

Note: it should be noted a relatively high temperature (28°C), parameter that should be 

monitored to avoid excessive biomass growth in the case of an activated sludge process 

 

¶ Technology: Aerated lagoons 

About the current treatment, only 89% of TSS, 74% of COD and 68% of BOD5 are eliminated; 
in this case again the low removal of BOD5 is surprising.  

Standard objectives, like ONAS 2010, are not met for BOD5 85% and COD 85%. 

The biggest problem of the WWTP comes from nitrogen compounds that are not removed, 
even contrary show an increase in nitrate rejection. The aerated lagoons show a total 
ineffectiveness in removing nitrogen compounds. This inefficiency is partly due has an excess 
of nitrogen in the inlet with respect to carbon (C/N: 100/24) but especially to a 
denitrification step probably missing. 

As previously for Horizontal Flow Constructed Wetland, amount of carbon compounds 
readily biodegradable is sufficient for denitrification since all the BOD5 was not eliminated. 
The BOD5/N of 100/10 (= 10) is high enough to ensure sufficient denitrification.  

 

Propose another biotechnology is feasible since: 

(i) BOD5/COD ratio of 0.58 shows that the effluent is biodegradable  
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(ii) the concentration of various nutrients in wastewater is quite high in nitrogen 
(C/N/P=100/24/3) but this is still acceptable for innovative processes as MBR. 

(iii) the pH value and temperature are in agreement with the bacterial growth 

 

In this effluent any deficiency of a main nutrient in wastewater can cause various problems. 
The BOD5 / N is 100/25 (= 4). If drops below 100/40 (= 2.5), the denitrification process is not 
carried out completely, which results in increased process values in terms of nitrates. 
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C-1.3 Case 3: Morocco, Algeria and Tunisia. 

The case of Algeria can be taken as an example of what is desired and problems. 

As prospect, the potential of reused of treated wastewater for agricultural purposes evolve 
significantly about 17 million m3 in 2011 to 200 million m3 in 2014, and the number of 
stations involved in the reuse will be 25 WWTP in 2014. The number of WWTP managed by 
the ONA is 12 in number, for the irrigation of more than 8000 hectares of agricultural land 
(Sedrata, Chelghoum Laid, Tipaza, Ouargla, Saida and Chlef). A project ONA / ONID is being 
studied to define the real opportunities possible reuse of treated wastewater WWTP 
operated by the ONA for irrigation of large irrigation-GPI-managed by ONID at five 
watersheds nationwide.  

¶ Technology: Activated sludges 

About the current treatment, the biodegradation of organic matter is good for the 2 WWTP 
(> 89% for all parameters); standard objectives, like ONAS 2010, are met.  

The removal of ammonia is also good 82% and 92% according WWTP. However, the removal 
of nitrate is inadequate involving a poor denitrification (54%) or non-existent (-75%). 

The amount of BOD5 for denitrification is sufficient for the two WWTP, no nutrients 
deficiencies in wastewater is observed (C/N/P = 100/8/1 and 100/10/2.5) and the BOD5/N of 
100/4.3 and 100/10 is high enough to ensure sufficient denitrification. 

 

Propose another biotechnology is feasible since: 

(iv) BOD5/COD ratio of 2.08 and 0.49 show that the effluent is strongly biodegradable 
and biodegradable  

(v) the concentration of various nutrients in wastewater is equilibrated ratio (C/N/P) 
and meets the needs of bacteria found in activated sludge. 

(vi) pH and temperature values are in agreement with the bacterial growth 

Additional Information:  

At the opposite, the problems are (i) high cost of electricity consumption in the WWTP 
activated sludge in the lagoons and aerated lagoons, and also the cost of pumping water is 
treated, (ii) sludge disposal problem especially in the activated sludge, (iii) lack of a legal 
framework for the valuation of Algerian sludge, (iv) drying beds cannot handle large 
quantities of sludge produced and increase one day to another which require the installation 
of a mechanical dewatering by Installation bands presses). No use of sludge and purified 
water, which may be reduced the operating budget of WWTP. 
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C-2 Biotechnologies used and proposed  
 

C-2.1 Evaluation of the potential biotechnologies for water treatment to be transferred to 

Tunisia  

C-2.1.1 Quality of raw wastewater  

 
The average raw wastewater concentrations in terms of COD, BOD5 and TSS are respectively 
748 mg l-1, 404 mg l-1 and 395 mg l-1. However, the quality of raw wastewater is too variable. 
In fact, 33 WWTPs, are receiving wastewaters non-compliant with the standards of discharge 
in the sewage system (NT 106.02). 

For most of these WWTPs, this pollution is mainly due to the discharge of industrial 
wastewater in the sewage system such as: slaughterhouse wastewater, olive mill 
ǿŀǎǘŜǿŀǘŜǊΣ ƻƛƭǎ ŀƴŘ ŦŀǘǎΣ ƻǊƎŀƴƛŎ ŀƴŘ ƛƴƻǊƎŀƴƛŎ ǇƻƭƭǳǘŀƴǘǎΣ ŜǘŎΧŀƴŘ ŎŀǳǎŜǎ ǘƘŜƴ ŀ ŘƛǎǊǳǇǘƛƻƴ 
of these plants operation. It is therefore recommended to take measures to encourage 
companies to perform their own pre-treatment stations. 

C-2.1.2 Quality of the treated wastewater  

15 activated sludge based WWTPs are producing effluents which exceed the discharge 
standards for the three physico-chemical parameters (COD, BOD5, TSS). 
 
Several factors affect the process performance of these WWTPS: 

- The discharge of industrial wastewater in the sewer system 
- Many WWTPs are over-loaded either hydraulically or organically or both of them.  

 
¢ƘŜ Ǉƭŀƴǘ ƻŦ άbƻǊǘƘ /ƻŀǎǘŀƭέ ŦƻǊ ŜȄŀƳǇƭŜ ǿƻǊƪǎ ŀǘ ŀ ƘȅŘǊŀǳƭƛŎ ǎŀǘǳǊŀǘƛƻƴ ǊŀǘŜ ƻŦ нум ҈ ŀƴŘ 
an organic saturation rate of 278 %. 18 of these WWTPs are activated sludge processes, 
mainly with low-load. The plants also suffer from poor management processes. 

C-2.1.3 Inorganic matter  

 
No data are available for the inorganic matter. 

C-2.1.4 Sludge management  

 
The operated wastewater treatment plants produced, in 2011, around 225 thousand m3 of 
dry sludge/year, 50% of which generated by the WWTPs of greater Tunis. Sludge dewatering 
takes place within the WWTPs themselves, either naturally or mechanically; it is, then, 
stored on site, and in dedicated deposit sites. 

C-2.1.5 Reuse of treated wastewater  

 
56.5 Mm3 of treated wastewater are reused during 2011 for the irrigation of: 

¶ Irrigated farmland 

¶ Golf courses 

¶ Green spaces 

¶ Indirect reuse: Irrigation via river Medjerda and aquifer and wetland recharge. 
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D ɀ Innovative Biotechnologies for Targeted Countries.  

D-1 Membrane Bioreactor ɀ MBR 

 

Membrane bioreactor (MBR) combines a membrane process like microfiltration or 
ultrafiltration with a suspended growth bioreactor, and is now widely used for municipal and 
industrial wastewater treatment with plant sizes up to 80,000 population equivalent. 

The MBR process can be employed in activated sludge processes, using the membranes as a 
liquid-solid separation step instead of the usual gravity settling approach. The biological unit 
is responsible for the biodegradation of the waste compounds and the membrane module 
for the physical separation of the treated water from the mixed liquor. The pore diameter of 
the membranes is in the range between 0.1 ς м ˃Ƴ ŦƻǊ ƳƛŎǊƻŦƛƭǘǊŀǘƛƻƴ όaCύ ŀƴŘ ŀōƻǳǘ лΦлм ς 
лΦм ˃Ƴ ōȅ ǳƭǘǊŀŦƛƭǘǊŀǘƛƻƴ ό¦Cύ ς significantly smaller than the pathogenic bacteria and viruses 
in the sludge. 

The use of membrane to separate solids and treated wastewater is the main difference from 
traditional plants for which the final clarification efficiency largely depends on activated 
sludge settling properties with a sufficient size (> 50˃Ƴύ ǘƻ ŀƭƭƻǿ ǘƘŜƛǊ ǊŜƳƻǾŀƭ ōȅ 
settlement. The membranes are usually of flat sheet or hollow fibre configuration if placed 
inside the bioreactor, or multi-tube if placed outside it.  

 

 

Figure D1: Schematic of conventional activated sludge  process and membrane bioreactor  

 

Two MBR configurations exist (Table D1) in agreement with the membrane position: the 
membranes can be placed either outside - external MBR, or inside the bioreactor - immersed 
(or submerged) MBR. Pre-treatment are necessary for remove coarse solids, which are 
harmful for membranes and microorganisms, like plastics, leaves, sand particles, hairs, etc. 
and for remove oils and fats. 

http://en.wikipedia.org/wiki/File:MBRvsASP_Schematic.jpg

