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Key messages 

	� Water reuse has great potential to help overcome some of the challenges posed 
by the increasing pressure on already stressed water resources. 

	� Wastewater is the only source of water that increases as population and water 
use grow. Currently, the MENA region1 produces around 21.5 billion cubic meters 
(BCM) of nutrient-rich municipal wastewater per year.

	� Many MENA countries are substantially improving their wastewater treatment 
rate, however, about 40% of produced domestic wastewater and a substantial 
portion of industrial wastewater in the region are still left untreated. This poses 
serious risks to human health and ecosystems and reduces the amount of fresh 
water that is safe to use.

	� The region has doubled the number of projects for direct water reuse every 
decade since 1990, and indirect water reuse is frequent. Nevertheless, up to 54% 
of the municipal wastewater that is produced is still not put to good use. It is 
either being discharged into the sea or evaporated (on land or along rivers).

	� This wasted wastewater, if recovered, can increase the energy, nutrients and water 
availability and enhance the region’s ability to adapt to changes in climate and 
enhance food security. The lost wastewater, if fully recovered, could additionally 
irrigate and fertilize more than 1.4 million hectares (ha). The carbon embedded 
in the generated wastewater, if recovered in the form of methane, would have a 
caloric value to provide electricity to 8 million households.

	� The region needs to overcome the factors that limit the materialization of the 
regional full water reuse potential, including: cultural barriers and distrust; 
institutional fragmentation; inadequate regulatory frameworks; and the lack of 
appropriate tariffs, economic incentives and financial models, which undermines 
cost recovery and the sustainability of reuse projects.

	� The region also needs standardized data collection and reporting efforts across 
the formal and informal reuse sectors to provide more reliable and updated infor-
mation, which is essential to develop proper diagnosis and effective policies for 
the safe and productive use of these resources. 

1This book has compiled data from 19 Arab countries of the MENA region (namely, Algeria, Bahrain, Egypt, Iraq, 
Jordan, Kuwait, Lebanon, Libya, Mauritania, Morocco, Oman, Palestine, Qatar, Saudi Arabia, Sudan, Syria, Tunisia, 
the United Arab Emirates and Yemen). Throughout this book the terms ‘MENA region’ and/or ‘the Region’ refer 
only to those 19 countries.”
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2.1. Introduction

The Middle East and North Africa (MENA) is the most water-stressed region in the world. 
Freshwater withdrawals exceed renewable water resources in almost all countries in the 
region. The gap between the supply and demand is widening every year. Currently, the 
average per capita renewable water resources availability (551 m3/year) is 10 times less than 
the worldwide average (FAO 2020). 

Since 2000, the region has witnessed a series of conflicts and droughts. This has led to a 
considerable displacement of people and has potential for long-term impacts on the already 
stressed land and water resources (Taheripour et al. 2020). Pathogens heavily affect many 
rivers in the region (UNEP 2016). The occurrence of emerging pollutants in water is also a 
growing concern (Haddaoui and Mateo-Sagasta 2021; Ouda et al. 2021). Pollution reduces 
even further the amount of water that is safe to use. Water scarcity and pollution are 
impacting various sectors of the economy (Fragaszy et al. 2022a; Fragaszy et al. 2022b).

These pressures on the water resources and infrastructure may become structural and be 
aggravated by population growth, changes in our consumption patterns and climate change. 
Population and urbanization have grown and will continue to grow. The de facto population of 
the region has increased from 272.2 million inhabitants in 2000 to 418.3 million estimated for 
2020 (UN 2019). Urban agglomerations like ‘Greater Cairo,’ Riyadh and Dubai now host 25.5, 
8.6 and 4.5 million people, respectively, and are forecast to grow at an annual rate of 1.5–2% 
by 2030 (CAPMAS 2022; GASTAT 2019; GD 2021). Changes in calorie intake and diets have also 
increased the demand for a greater diversity of foods, including meat and dairy products, 
which have large water footprints. This has increased water demand for irrigation and food 
production (Mateo-Sagasta et al. 2018). Forecasts suggest that these drivers will continue to 
widen the water supply and demand gap in the next decades.

On top of all this, precipitation in the region is forecast to decrease, with more frequent and 
intense droughts, while evapotranspiration will increase (Zittis 2018; Babaousmail et al. 
2022). Water scarcity is forecast to reduce GDP by 6–14% yearly by 2050 (World Bank 2018). 
Furthermore, increased water scarcity could reduce labor demand by up to 12% and lead to 
significant land-use changes, including loss of beneficial hydrological services (Taheripour et 
al. 2020).

Agriculture is the largest user of water in MENA and is particularly susceptible to water avail-
ability, accessibility and quality. The sector is expected to produce more food to ensure food 
security. This will require substantial and additional amounts of water.

Taheripour et al. (2020) conclude that “unless new and transformative policies for sustain-
able, efficient and cooperative water management are promoted, water scarcity will nega-
tively impact the region’s economic prospects and undermine its human and natural capital.” 
Governments in MENA are responding to this water crisis by urgently seeking interventions 
to increase water security by optimizing water management, narrowing the supply-demand 
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gap and preventing water quality degradation. Such interventions typically include increases 
in water use efficiency and productivity, reductions in unproductive water loses in water 
networks and increases of the water budget by using non-conventional sources of water, such 
as municipal effluents.

Municipal effluents are mostly (99%) made of water. The 1% that remains is made of different 
compounds including valuable resources such as nitrogen and phosphorus. These resources 
can be recovered and used as fertilizers for agriculture, organic carbon that can be used as an 
ameliorator of soils or energy in the form of methane. Nevertheless, these effluents also have 
pathogens and chemicals that can pose risks to human health and the environment. If these 
hazards are removed or controlled, the resources embedded in wastewater can be recovered 
and used with benefits for all.

Rather than losing wastewater that has been discharged to the sea or evaporated on land or 
along rivers, we can recover it and bring new water back to the water budget. Additionally, 
agriculture can benefit from a constant flow of water all year round, thus making agricultural 
systems more resilient to droughts. Nutrients such as phosphorus and nitrogen can be reused 
as fertilizers with increased yields. 

Cities can increase their food security if water reuse favors the development of productive 
green belts around urban areas. Cities can also use agriculture as a tertiary treatment where 
crop uptake nutrients that otherwise could pollute receiving waters. The environment will 
also benefit from reduced pollution and the conservation of fresh water for environmental 
purposes. 

Water reuse has great potential to help overcome some of the challenges posed by the 
increasing pressure on already stressed water resources (WWAP 2017). MENA cities and 
towns produce millions of cubic meters of wastewater every year. The fate of this wastewater 
is very different depending on the local context: wastewater can be collected or not, treated 
or not and finally used directly or indirectly or evaporate or be disposed in the sea with no 
beneficial use (Box 2.1; Box 2.2; Figure 2.1).

BOX 2.1 A note on definitions (adapted from Mateo-Sagasta 2015)

Wastewater can be defined as “used water discharged from homes, businesses, 
industry, cities and agriculture” (Asano et al. 2007). According to this definition, there 
are as many types of wastewater as water uses (e.g., urban wastewater, industrial 
wastewater or agricultural wastewater). When wastewater is collected in a municipal 
piped system it is called ‘sewage.’ 

The term ‘wastewater’ as used in this book is basically synonymous with municipal 
wastewater, which is usually a combination of one or more of the following: domestic 
wastewater consisting of blackwater (from toilets) and greywater (from kitchens and 
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bathing); water from commercial establishments and institutions, including hospitals; 
industrial effluent within the city or town, where present; and stormwater and other 
urban runoff. Municipal wastewater does not include industrial wastewater (including 
wastewater from the mining, manufacturing or energy sectors) or agricultural waste-
water generated and collected outside human settlements.

Wastewater can be collected or not, treated or not, and finally used directly or 
discharged to a water body and be either reused indirectly downstream or lost when it 
is discharged to the sea or evaporates with no beneficial use.

Wastewater collection

Wastewater can be collected and treated on-site (e.g., in septic tanks) or off-site 
(e.g., in piped sewerage systems connected to a treatment plant). The design and size 
of a septic system can vary widely; typically, within the tank there is sedimentation 
and primary treatment of wastewater and the partially treated effluent percolates to 
the soil through a constructed soak pit. It is also frequent in middle- and low-income 
countries that such tanks are not properly designed and maintained and the effluent 
drains directly into open canals. Sewerage systems collect wastewater from house-
holds but also from other commercial activities and industries within cites as indicated 
above.

Types of wastewater treatment

Before being treated, sewage usually goes through pre-treatment to remove grit, 
grease and gross solids that could hinder subsequent treatment stages.

Later, primary treatment aims to settle and remove suspended solids, both organic 
and inorganic. The most common primary treatments are primary settlers, septic and 
imhoff tanks.

In secondary treatment soluble biodegradable organics are degraded and removed 
by bacteria and protozoa through (aerobic or anaerobic) biological processes. Typical 
secondary treatments include aerated lagoons, activated sludge, trickling filters, 
oxidation ditches and other extensive processes such as constructed wetlands.

Tertiary treatment aims at effluent polishing before being discharged or reused and 
can consist of the removal of nutrients (mainly nitrogen and phosphorous), toxic 
compounds, residual suspended matter or microorganisms (disinfection with chlo-
rine, ozone, ultraviolet radiation or others). Nevertheless, this third stage/level is 
rarely employed in low-income countries. The tertiary treatment process can include 
membrane filtration (micro-, nano-, ultra- and reverse osmosis), infiltration/percola-
tion, activated carbon and disinfection (chlorination, ozone or UV).

Finally, water reclamation refers to the treatment of wastewater to make it suitable for 
beneficial use with no or minimal risk.
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FIGURE 2.1 Wastewater fate flows (adapted from Mateo-Sagasta and Salian 2012).

BOX 2.2 Types and examples of uses of reclaimed water (adapted from 
Mateo-Sagasta 2015)

Agricultural and forestry irrigation: irrigation of crops, forests, agroforestry or 
commercial nurseries.

Landscape irrigation: reuse for parks, schoolyards, freeway medians, golf course, 
cemeteries, greenbelts or residential.

Industrial uses: cooling water, boiler feed, process water or heavy construction.

Groundwater recharge: groundwater replenishment for saltwater intrusion control or 
subsidence control.

Recreational uses: leisure activities like fishing, boating, bathing or snowmaking.

Environmental uses: lakes and ponds, marsh enhancement, stream-flow augmentation 
and fisheries.

Potable reuse: Planned augmentation of a drinking water supply with reclaimed water. 
It can be indirect potable reuse (e.g., through groundwater recharge or by blending in 
water supply reservoirs with a subsequent drinking water treatment) or direct potable 
reuse (e.g., pipe-to-pipe water supply).

Non-potable urban uses: All other urban uses that do not involve potable reuse or 
landscape irrigation, such as fire protection, air conditioning or toilet flushing.

The direct use of wastewater implies that treated or untreated wastewater is used for 
different purposes (such as crop production, aquaculture, forestry, industry, gardens 
or golf courses) with no prior dilution. When it is used indirectly, the wastewater is first 
discharged into a water body where it undergoes dilution prior to use downstream.

Reuse can be planned or unplanned. Planned water reuse refers to the deliberate and 
controlled use of raw or treated wastewater, for example, for irrigation. Most indirect 
use occurs without planning. Aquifer recharge might be an exception.
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Improving the treatment of wastewater, increasing the direct use of treated wastewater and 
making the indirect use of polluted water safer are key to addressing the MENA water crisis.

This chapter offers a systematic and synthesized review of municipal wastewater generation, 
composition and fate in MENA countries based on the best available data from hundreds of 
sources. The chapter also provides definitions and key figures to better understand the subse-
quent chapters of this book. The chapter also looks at the dimension of valuable resources 
embedded in wastewater streams and the extent to which these resources are so far being 
recovered for beneficial uses. Where data are weak or scarce, the causes of such data gaps 
are discussed.

2.2. Production, composition and treatment of municipal 
wastewater 

2.2.1. Production of wastewater
Wastewater is a resource that can be mined, and as such, it is important to understand 
how it is geographically distributed in the MENA region. Municipal wastewater is generated 
where population concentrates, which is typically along the coasts and large rivers. Munic-
ipal wastewater production does not only depend on population density but also on the per 
capita wastewater production, which mainly depends on the per capita municipal water 
use, which, in turn, is more related to the income per capita than to actual renewable water 
resources abundance. 

High-income countries such as Bahrain or Kuwait, which are water scarce but have access 
to seawater and can afford water desalination at a large scale, typically have much higher 
per capita wastewater generation than countries such as Yemen, Mauritania or Sudan or 
than water-scarce middle-income countries where desalination is limited, such as Jordan, 
Morocco or Tunisia (Figure 2.2). 

Within countries, rural areas use less water per capita than urban areas and this also has an 
effect on the per capita wastewater generation.

Figure 2.2 illustrates how municipal wastewater generation per capita is calculated as the 
total municipal wastewater generated in 2015 as per AWC (2019) divided by the population 
per country in 2015 as per UNSTAT. Saudi Arabia (KSA) and Kuwait are exceptions and munic-
ipal wastewater data was drawn from GASTAT (2020) and CSB (2020), respectively, since the 
data from AWC (2019) was unrealistically low. 

Domestic wastewater generation per capita in Figure 2.2 is calculated as the total domestic 
wastewater generated in 2020 as per WHO (2021) divided by the population per country in 
2020 as per UNSTAT. Saudi Arabia and Qatar are exceptions and municipal wastewater data 
was drawn from GASTAT (2020) and PSA (2019) respectively as the data from WHO (2021) was 
unrealistically high for Saudi Arabia and low for Qatar. 
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By definition (see Box 2.1) figures for municipal wastewater should be larger than domestic 
wastewater, but this is not always the case in the data shown in Figure 2.2. This may be due 
to the different years compared (2020 for domestic and 2015 for municipal) or because of 
deeper methodological inconsistencies between sources. Both WHO (2021) and AWC (2019) 
collect data from country primary sources, which tend to use different methodologies and 
define terms differently. This may also be because in some MENA countries, there are very few 
industries, especially those that use lots of water, such as the textile industry.

Figure 2.3 shows the spatial distribution of the municipal wastewater generation in MENA 
resulting from combining per capita wastewater generation and population density based on 
Jones et al. (2021) and Velpuri et al. (forthcoming). 

Jones et al. (2021) provided a spatially explicit distribution of global wastewater for 2015 at a 
special resolution of 5 arcmin (~10 km). This approach has been refined for the MENA region 
by developing and using the SEWAGE-Track model (Velpuri et al. forthcoming), which uses 
data from the nominal year 2015, has a resolution of 1 km, and differentiates and incorporates 
data on per capita wastewater production in rural and urban areas. 

With these data and tools, we can precisely identify the location of where wastewater is 
generated (Figure 2.3). Cities are obviously hotspots of wastewater generation and produce 
72% of the municipal wastewater in the region (the other 28% is generated in rural areas) 
(Velpuri et al. forthcoming). Nevertheless, water-demanding agricultural lands and tree plan-
tations (the main users for reclaimed water in the region) are not always close to cities and 
sometimes are upstream of wastewater generation sites. 

FIGURE 2.2 Per capita municipal and domestics wastewater generation in MENA countries.
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This poses economic challenges for reuse since pumping wastewater back and beyond a 
given distance or height is not always economically feasible. In smaller towns and villages, 
which are closer to the WWTPs or surrounded by agricultural land, the challenge is typically 
that wastewater is collected on-site in septic tanks with limited treatment capacity. Effluents 
from septic tanks either percolate to groundwater or are discharged to open canals (if septic 
tanks are sealed) with very low treatment and poor removal of pathogens, which limits the 
potential for safe reuse.

When considering the trends, wastewater is the only source of water that increases as 
population and water use grow (Figure 2.4). This is particularly apparent in countries such 
as Egypt, which is the most populated country in MENA and experiencing booming growth of 
its urban areas, especially in and around Cairo. This trend is going to continue in the coming 
decades and the wastewater sector needs to adapt to cope with this increasing production 
of wastewater. An increasing body of evidence suggests that the economic costs (including 
environmental and health costs) of discharging wastewater into the environment untreated 
are higher than the costs of managing it properly (Hernandez-Sancho et al. 2015). From a 
resource mining perspective, the growth of wastewater production and treatment of waste-
water as an economic asset (Drechsel et al. 2015) offer opportunities to increase economic 
and social benefits in a circular economy.

FIGURE 2.3 Wastewater generated in MENA. 
NOTES: The map in the central region shows the distribution of wastewater generated by Jones et al. 
2021. The insights for urban agglomerations in the periphery of the map show the wastewater generated 
by the SEWAGE-Track model (Velpuri et al. 2022).
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The composition of raw municipal wastewater and the resources embedded, or the hazards 
contained in it, vary in different countries and in different cities within countries. 

Water in municipal wastewater comes from households, from rainwater that drains cities 
and from industries and commercial activities. Most of the nutrients in wastewater come 
from human excreta. The excretion of nutrients per capita is highly dependent on diets (e.g., 
protein consumption), which differ depending on the country, wealth status and culture. 
Most of the nutrients are in urine. In wastewater, phosphorus does not come only from human 
excreta but also from detergents used in laundry and dishwashing (Mateo-Sagasta 2015). 

As a result of these material flows, municipal wastewater concentrates valuable resources 
but also hazards such as pathogens or dangerous chemicals (Table 2.1; Box 2.3). Pathogens 
tend to come in excreta. Chemical hazards enter wastewater via discharges from economic 
activities connected to sewers, but also via household cleaning or pharmaceuticals excreted 
by people. The concentration of these resources and hazards depends very much on people’s 
consumption patterns, diets, household and municipal water use and rainfall entering sewage 
systems (dilution). Table 2.1 shows the weighted average composition of raw wastewater in 
MENA countries based on influent data from 166 wastewater treatment plants (WWTPs). The 
averages have been weighted with the influent volumes of wastewater to the treatment plants 

FIGURE 2.4 Trends in municipal wastewater generation in selected MENA countries. 
NOTES: Mashreq includes Iraq, Jordan, Lebanon, Palestine, Syria and Egypt; Maghreb includes Algeria, 
Libya, Mauritania, Morocco and Tunisia; GCC includes Bahrain, Kuwait, Oman, Qatar, Saudi Arabia and 
United Arab Emirates); Least developed countries include Sudan and Yemen.
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so that the composition of the influent wastewater in large treatment plants has a larger influ-
ence on the national averages. Data shows that wastewater tends to be stronger (i.e., with 
higher concentrations) in counties with less municipal water use per capita, such as Jordan or 
Mauritania. 

The composition of municipal wastewater offers valuable information on both the risks and 
opportunities of water reuse. WWTPs designers will consider the wastewater composition and 
concentration when selecting technology or resource recovery processes. For example, for 
strong wastewater in warm climates, WWTP designers may choose anaerobic systems that 
tend to yield less sewage sludge and maximize energy recovery through biogas generation. 

TABLE 2.1 Weighted average composition of influent wastewater in municipal wastewater treatment 
plants in MENA countries.

Country

TSS BOD COD T-N T-P FC EC TDS
No. of 

WWTPs from 
which data 

has been 
collected(mg/L) (mg/L) (mg/L) (mg/L) (mg/L)

(CFU/ 
100 mL)

(dS/m) (mg/L)

Algeria 357 330 660 23.2 10.0 1.84E+08 2.4 1,642 20

Bahrain 179 219 410 NA NA NA NA NA 1

Egypt 243 209 391 40.2 6.4 1.43E+09 1.1 654 13

Iraq 230 214 395 NA NA NA 1.9 1,379 5

Jordan 628 624 1245 100.0 10.5 2.87E+07 1.4 978 22

Kuwait 250 234 431 31.5 21.8 3.41E+07 1.0 645 4

Lebanon 412 291 618 63.1 12.0 1.13E+06 1.3 962 15

Libya 216 298 431 NA 2.8 NA 2.8 1,664 5

Mauritania 658 535 1811 NA NA NA 2.1 1,506 1

Morocco 475 1354 907 82.7 11.3 7.83E+08 2.7 1,869 9

Oman 420 245 920 87.7 12.0 1.45E+08 1.7 944 7

Palestine 781 471 951 66.6 10.2 2.22E+06 2.9 2,268 10

Qatar 150 178 418 35.0 5.0 5.01E+06 2.0 1,329 2

KSA 321 213 413 25.6 13.2 2.54E+06 2.3 1,488 10

Sudan 447 411 1076 NA NA NA 1.2 709 3

Syria 539 355 542 46.8 2.5 3.90E+07 2.3 1,701 3

Tunisia 419 372 899 92.9 12.6 7.93E+06 3.2 2,477 23

UAE 277 258 589 NA 6.2 NA 3.8 2,108 8

Yemen 444 743 1307 NA 15.0 2.93E+06 2.6 1,899 5

MENA 296 285 523 55.2 13.2 7.15E+08 2.5 1,490 166

TSS: Total dissolved solids, BOD: biological oxygen demand, COD: chemical oxygen demand, T-N: total nitrogen, T-P: total 
phosphorus, FC: fecal coliforms, EC: electric conductivity, TDS: total dissolved solids.  
Sources: See complete list of sources by country at http://bit.ly/3hsRkDL
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BOX 2.3 Emerging pollutants (EPs) in raw and treated wastewater in MENA 
(from Haddaoui and Mateo-Sagasta 2021)

Emerging pollutants are of increasing concern. Raw municipal wastewater in the 
MENA region has been reported to concentrate pesticides like endosulfan or DDT, 
pharmaceuticals such as acetaminophen, ibuprofen, paracetamol, naproxen, 
diclofenac or carbamazepine, and dozens of other emerging pollutants. The limited 
actual treatment of these wastes and wastewater in many MENA countries results in a 
large portion of these EPs making their way to water bodies, in turn increasing the risk 
of exposure downstream. Even in the cases where wastewater is collected and treated, 
the removal efficiency for EP in existing WWTPs is at best limited. 

The data on EP removal effectiveness in treatment plants of the MENA countries 
suggest that secondary treatment is ineffective in the reduction of most EPs (e.g., 
pharmaceuticals compounds like carbamazepine, erythromycin and sulfamethox-
azole). Tertiary treatment improves the elimination of many EPs, but this improvement 
is inadequate for some pollutants (e.g., tetracycline, ciprofloxacin and amoxicillin). 

The extent of the wastewater treatment coverage and the types of wastewater and 
drinking water treatment technologies in most MENA countries are far from sufficient 
to effectively address the environmental and health risks posed by the EPs. Given the 
limited financial capacities of the middle- and low-income countries, and the limited 
effectiveness of the removal of EPs by the tertiary treatments, it is not practical nor 
affordable to promote wastewater treatment as the only way to address waterborne 
EPs. Instead, we recommend prioritizing a more cost-effective combination of solu-
tions that includes a change in consumption and production patterns to prevent pollu-
tion from EPs at the source, wastewater treatment expansion to the extent required for 
conventional pollutants including pathogens, adoption of good irrigation practices and 
universal coverage of drinking water treatment.

Anaerobic treatment may not work optimally with weaker wastewater. High concentration 
influent (like wastewater in Jordan, Mauritania, Sudan or Yemen) correlates with lower energy 
consumption and lower costs per kilogram of pollutant removed, and with a higher nutrient 
recovery potential in wastewater treatment plants, which are critical factors that influence 
the selection of technologies. But high concentration influent also correlates with a higher 
greenhouse gas emission potential when removing pollutants (Zhang et al. 2020). 

2.2.2. Treatment of wastewater
The potential for safe water reuse depends on multiple factors beyond the location and 
concentration of wastewater. One key factor that determines the safe reuse is the level of 
treatment. Countries are increasingly aware of the impacts and economic costs of untreated 
wastewater and are investing in improved wastewater collection and treatment. Neverthe-
less, the growth in investments and infrastructure is not keeping pace with municipal waste-
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water generation growth in many MENA countries. As a result, the total amount of wastewater 
that is discharged untreated to the environment keeps increasing in these countries. For 
example, in Egypt the municipal wastewater treatment capacity has grown from 3.1 BCM in 
2000 to 5.3 BCM in 2020. The amount of municipal wastewater generated has grown from 4.8 
to 7.2 BCM in the same period, which means that the amount of untreated wastewater has 
grown from 1.7 to 1.9 BCM despite growth in treatment capacity (GWI 2021, MHUUC 2022). 
Substantial amounts of wastewater do not reach treatment plants and many existing facilities 
are overloaded and produce effluents below the expected quality. There are some exceptions 
to this trend particularly in some Gulf countries, where capacity of treatment plants has 
increased more than the actual wastewater production.

The World Health Organization and UN-Habitat are the custodians of indicator 6.3.1 of the 
United Nations Sustainable Development Goals (SDGs), which tracks the proportion of waste-
water flows from households, services and industrial premises that are treated in compliance 
with national or local standards. The household component includes both sewage and fecal 
sludge, treated on-site and off-site, and is monitored as part of the sanitary chain with direct 
links to indicator 6.2.1 on access to sustainably managed sanitation services. Data on 6.3.1 
are commonly collected by national line ministries and institutions (e.g., for water, sanitation, 
environment, health, public services, planning, housing, infrastructure or production), utili-
ties and on-site service providers as well as the national statistical office (household surveys 
and registers of economic activities).

The most recent data for 2020 in MENA countries in the framework of SDGs monitoring shows 
that about 60% of the domestic wastewater that is generated is safely treated. This includes 
household wastewater transferred through sewers to a WWTP (‘treated sewage’), released 
into an on-site treatment system (‘treated in-situ’) and released into an on-site system (e.g., 
septic tanks) for which fecal sludge is emptied and transported to a treatment plant (‘treated 
from on-site’). 

The situation nevertheless varies greatly between countries (see Figure 2.5). Income per 
capita is a good predictor for the level of treatment. High-income countries such as Bahrain, 
Qatar, United Arab Emirates and Saudi Arabia treat most of the domestic wastewater gener-
ated. Lower middle-income countries such as Yemen, Sudan, Mauritania, Morocco and Egypt 
are having more challenges. Higher middle-income countries such as Jordan stand out and 
perform better than expected from their income, which reflects the relative high priority that 
wastewater and sanitation has in these countries’ agenda despite limited budgets. The effect 
that conflict, social unrest or economic crisis has on wastewater treatment in countries such 
as Yemen, Lebanon, Libya, Iraq, Palestine and Syria is unclear but very likely is heavily limiting 
the treatment potential (Faour and Fayad 2014; Qadri et al. 2017; Zolnikov 2013).

Table 2.2 shows the weighted average composition of treated municipal wastewater in 19 
MENA countries based on data from 211 WWTPs. The averages have been weighted with the 
volumes of the wastewater treated in treatment plants so that the composition of the effluent 
wastewater in large treatment plants has a larger influence on the national averages. Vari-
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ability within and between countries is mostly dependent on the quality of influent waste-
water and the type and level of treatment. 

On average, WWTPs in the region remove between 85 and 90% of the total suspended solids 
(TSS) and biological and chemical oxygen demand (BOD, COD). About 50% of the nitrogen 
and phosphorus is removed. The removal of fecal coliforms is on average in the order of 3-log, 
with larger removals in GCC countries, Jordan and others where large portions of the treated 
wastewater are disinfected. Removal of dissolved solids and salinity is nevertheless limited 
and averages only 12% in the region. In many instances, salinity removal is actually negative, 
which means that the salinity in the effluent is higher than in the influent. That is no surprise 
as only reverse osmosis and nano-filtration (which are rarely implemented in MENA to treat 
wastewater) remove salts and in other types of treatments that are commonly used in the 
region, water losses due to evaporation during treatment increase the concentrations of salts 
(Obotey Ezugbe and Rathilal 2020). 

When treated wastewater is discharged to the environment, the removal of nitrogen and 
phosphorus helps prevent eutrophication of surface water or pollution of groundwater with 
nitrates. When the effluent is used in irrigation, nutrient removal will limit productivity if 
the concentration of nutrients in the irrigation waters is lower than the demand from crops 
(Chojnacka et al. 2020).

Salinity limits the potential of treated effluent to be reused. High concentrations of salts in 
irrigation make it difficult for plants to absorb water and cause reductions in crop yields. 
Farmers in the northern part of the Jordan Valley are concerned about the governmental 

FIGURE 2.5 Proportion of domestic wastewater safely treated in 2020 as per WHO (2021).
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plans to change the irrigation source to diluted reclaimed water from the Al Samra treatment 
plant, which has higher salinity levels than the water currently used (Tawfik et al. in review). 

The most common indicator to monitor the salinity of water is electrical conductivity (EC). 
Salts in irrigation water can begin to accumulate in the soil, preventing plants from absorbing 
water and impacting the productivity of many crops and fruit trees. Crops such as onions, 
carrots or lettuce (Shannon and Grieve 1999) or fruit trees like citrus (Ruiz et al 1997; Levy 
and Syvertsen 2010) are particularly sensitive to salinity. Other crops such as asparagus or 
fruit trees such as dates, pistachio or pomegranate are more tolerant. Irrigation with brackish 
water will require the adoption of on-farm practices to mitigate agronomics risks such as 
changing to salt-tolerant crops, using additional water as leaching fractious and ensuring 
proper drainage.

TABLE 2.2 Weighted average composition of influent wastewater in municipal wastewater treatment 
plants in MENA countries.

Country
TSS BOD COD T-N T-P FC EC TDS 

No of 
WWTPs(mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (CFU/100 mL) (dS/m) (mg/L)

Algeria 26 27 66 8.5 5.1 6.28E+05 1.9 1,238 22

Bahrain 9 2 32 NA NA 2.21E+03 4.9 3,574 1

Egypt 49 48 112 25.6 11.1 2.68E+06 1.1 628 27

Iraq 78 53 99 NA NA NA 2.1 1,545 9

Jordan 28 19 112 29.6   2.17E+01 2.3 1,025 25

Kuwait 6 3 21 5.1 11.3 1.89E+02 1.1 757 4

Lebanon 49 37 109 16.0 15.1 8.54E+05 1.2 796 17

Libya 10 17 44 NA 0.7 3.00E+02 3.2 1,972 5

Maurita-
nia

NA NA 257 NA NA 1.90E+04 1.9 1,176 1

Morocco 25 18 51 23.4 4.3 5.45E+05 2.1 1,385 8

Oman 28 3 34 8.0 2.6 1.00E+01 1.6 915 11

Palestine 95 72 232 8.9 3.2 9.68E+04 2.3 1,656 10

Qatar 2 2 13 5.9 0.8 0.00E+00 2.1 3,410 3

KSA 25 30 66 13.7 4.8 2.12E+02 1.9 1,263 17

Sudan 111 59 223 NA NA 2.40E+03 1.7 1,097 3

Syria 165 83 140 29.0 1.4 NA 2.2 1,606 3

Tunisia 54 37 137 27.3 11.7 6.19E+04 4.4 3,005 27

UAE 5 4 36 10.1 6.3 2.00E+00 3.2 1,697 10

Yemen 194 84 285 NA 6.7 3.87E+06 3.1 2,223 8

MENA 38 32 84 21.5 8.3 8.04E+05 2.2 1,337 211

TSS: Total dissolved solids, BOD: biological oxygen demand, COD: chemical oxygen demand, T-N: total nitrogen, T-P: total 
phosphorus, FC: fecal coliforms, EC: electric conductivity, TDS: total dissolved solids. 
Sources: See complete list of sources by country at http://bit.ly/3hsRkDL
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2.3. Actual water reuse

It is challenging to describe the present quantities of water reuse in MENA due to the lack of 
reliable and sufficient data from national statistics. Much of the available information does 
not use uniform terms and units when describing water reuse, making it difficult to compare 
data between countries or establish regional inventories. The most recent and comprehensive 
attempts to compile data on municipal wastewater generation, treatment and reuse include 
the Third State of the Water Report for the Arab Region (AWC 2019) with data from 2015 or 
AQUASTAT with data from many of the MENA countries but with almost no recent data. The 
reported data on water reuse by these sources has major data gaps for recent years and at 
times includes data on indirect water reuse (i.e., treated wastewater discharged to rivers or 
drainage canal where it is diluted and reused indirectly downstream). 

The ReWater MENA project, a regional project led by IWMI and funded by the Swedish  
International Development Cooperation Agency (SIDA), has established the largest inventory 
of projects to our knowledge for direct water reuse in the region so far. These are projects 
where reclaimed water is used directly for different purposes including the irrigation of 
agriculture and planted forests, landscaping (including golf courses), industrial processes, 
environmental uses and others. The inventory has collected data for more than 400 projects 
that are still operational and includes data on the startup year of the reuse projects, volumes 
treated and reused, and type of use made of the reclaimed water.

The region has been proactively investing in water reuse in recent decades. According to the 
ReWater MENA database, the number of water reuse projects has doubled every decade 
since the 1990s. In the 19 countries that were analyzed, the number of reuse projects has 
specifically grown from 40 in 1990, reusing a total quantity of 0.421 BCM, to 97 projects in 
2000 (and 0.655 BCM directly reused), 200 in 2010 (with 1.249 BCM) and finally 409 in 2020 
(with 2.275 BCM). In the last decade, the growth in the number of direct water use projects 
has been particularly high in countries like Saudi Arabia, United Arab Emirates, Qatar, Oman, 
Egypt, Algeria and Morocco.

The dominant uses of reclaimed water are for forestry, agriculture and landscaping, including 
irrigation of parks and gardens (See Box 2.2. for definitions). As shown in Figure 2.6, different 
countries have invested differently in various typologies of water reuse. Forestry and agricul-
ture are the dominant users of reclaimed water, for example, in Egypt, Tunisia and Jordan, 
while landscaping is the preferred option in countries like Morocco, United Arab Emirates, 
Oman and other GCC countries. The pattern in other areas is not so clear, with a more mixed 
project portfolio. These patterns are a consequence of different factors, including perceptions 
about reuse, the quality of the effluents, and the different policies and legislation that have 
been shaped across the region as further discussed in subsequent chapters of this book. 

The presence of water reuse projects for other purposes such as industrial use, non- 
potable urban use, aquifer recharge or environmental restoration are scattered and much 
less frequent. Examples include Al Shabab Power project and Jazan IGCC project in Egypt and 
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Saudi Arabia for industrial purposes (GWI 2021) and Emicool project and West Bay project 
in UAE and Qatar for non-potable urban use (GWI 2021). In Section 2 of this book, we have 
characterized in detail several key water resource projects from Morocco, Tunisia, Jordan, the 
West Bank and United Arab Emirates. 

Despite the rapid growth of water reuse projects across the region, the amount of municipal 
wastewater that is treated and directly reused for beneficial purposes is still very limited in 
MENA and averages only around 10% of the total wastewater generated in the 19 countries 
that were analyzed (Table 2.3). The main exceptions are in the GCC with Qatar, UAE, Kuwait, 
Oman or Bahrain leading the ranking. 

Jordan is a case in point. Most of the effluent from the Al Samra treatment plant, which  
serves Amman and surrounding areas, is fully reused in the Jordan Valley after traveling along 
the Al Zarqa wadi and being stored in the King Talal dam. This reclaimed water undergoes 
minimal dilution with other sources of water so it is considered in the literature and by the 
authorities as indirect water reuse and is not part of the national statistics on direct water 
reuse presented in Table 2.3. If, because of the negligible degree of dilution, this reclaimed 
water was considered as directly reused, then Jordan would be considered to reuse directly 
70% of the generated wastewater, becoming one the leaders in direct water reuse in the 
whole region. 

FIGURE 2.6 Location and distribution of operational water reuse projects in MENA as of 2020 (N=409).
NOTES: The shape/size of each point indicates the capacity of the WWTPs classified as small (N = 312); 
medium (N = 76), large (N = 20) and mega (N = 1) and the color indicates the reuse category. 

_̂"S"S
"S

"S"S

"S

"S
"S"S"S

"S
"S

"S

"S"S"S"S"S
"S"S

#*
#*

#*
#*

#*

#*

#*#*#*

#*#*#*#*#*
#*#*

#*#*#*#*#*
#*#*

#*
#* #*

#*

#*

#*

#*#*

#*

#*

#*
#*

#*#*

#*

#*

#*
#*

#*#*#*#*#*#*#*#*

#*#*

#*#*#*

#*

#*

#*

#*

#*#*

#*#*

#*

#*#*
#*#*#*#*#*#*
#*#*

#*

#*#*

!

!

!

! !
!!!!!

!!
!

! !

!

!

!
!!

!

!!
!! !!!

!
!

!!!
!!

!

!
!

!!!!!

!! !!!!!!!!!!

!!
!
!!
!!

!

! !
!

!

!
!

!

!!

!

!
!
!
!!

!

!!

!

!
!
!

!

!

!!

!!!

!

!!
!

!

!!!!!!

!

!

!!!
!

!

!

!!

!

!
!!

!!!!!
!!!!!!!

!!
!!

! !

!!!

!!!

!

!!!!!!!!!!!!!!!
!!!
!
!!!!
!

!!
!!!!!!

!!!!!

!!!!

!

!

!
!

!

!

!

!

!

!

!

!

!

!

!

!

!!!!!!!
!!!!!

!

!!
!!!
!

!!
!!!
!
!!!!!!!

!
!!!! !!
! !

!!!!
!!!!

!!

!!
!!!

!
!!

!

!

!

!!!!!!!!!!
!

!!!!!
!!
!

!
!!

!
!

!
!
!!!
!!! !!

!!
!

!!! !
!

!!
!

!
!

!

!
!

!

_̂

_̂̂_KSA

Algeria
Libya

Sudan

Egypt

Iraq

Mauritania

Yemen

Morocco

Syria

Oman

Tunisia

UAE

Jordan
Kuwait

Qatar

Lebanon1

!!

!

!

! !

!

!

!

!

!

!!

#*

#*

#*

#*
#*

!

!!!!!
!!

!
!

!
! !

!

! !

!!!

!

!!

!!!
!

!!!!!
!

!

!

!
!

!!
!!

! !

!!
!
!

!!
!

!

!!

!
!!

!!

!

!
!

!

!

!#*
#* #*

"S

!

!
!

!

!
!

!

!

!

!!

!

!
!

!

!

!
!#*#*#*#*

#*

#*#*

#*

#* #*

#*
"S"S

!

!

!

!

!

!

!

!

!

!!
!

!

!

!

!

!!!!
!
!

!
!

!

!! !
!!

!

!!

!

!

!!
!

!

!

#*

"S

!

#*

#*

_̂
"S

"Ŝ_
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TABLE 2.3 Wastewater production, treatment and reuse in 19 countries within MENA in 2020 (or latest 
available year).

Country

Total 
municipal 

wastewater 
generated** 

Municipal 
wastewater 

that is 
treated and 

directly 
reused

Directly 
reused from 

municipal 
wastewater

Projects where 
municipal 

wastewater 
is treated 

and directly 
reused

Methodological notes and sources to 
calculate municipal wastewater that is 

treated and directly reused

(BCM) (BCM) (%) (N)

Algeria 2.649 0.100 3.8 22
Data up to 2015 from AbuZeid et al. 
2019 with no additional projects found 
up to 2020

Bahrain 0.186 0.045 24 4
Data up to 2015 from AbuZeid et al. 
2019 updated to 2020 with individual 
project data from GWI 2021

Egypt 7.196 0.341 4.7 77
Aggregation of individual project data 
up to 2020 from MHUUC 2022; GWI 
2021

Iraq 1.232 NA NA NA NA

Jordan 0.187 0.071 37.9 25
Aggregation of individual project data 
up to 2020 from Ibrahim et al. 2019; 
Kassab et al. 2020, GWI 2021

Kuwait 0.666 0.271 40.7 6
Aggregation of individual project data 
up to 2020 from Aleisa and Alshayji 
2019; GWI 2021

Lebanon 0.481 0.002 0.4 4
Data up to 2015 from AbuZeid et al. 
2019 with no recent projects up to 2020

Libya 0.514 0.040 7.8 1
Aggregation of individual project data 
from Kamizoulis et al. 2003

Mauritania 0.138 NA NA NA NA

Morocco 0.415 0.076 18.3 22

Data up to 2015 from AbuZeid et al. 
2019 updated to 2020 with individual 
project data from Nahli et al. 2016; 
Bensaad et al. 2017; Haji et al. 2021; 
GWI 2021

Oman 0.275 0.079 28.6 30

Data up to 2015 from AbuZeid et al. 
2019 updated to 2020 with individual 
project data from Suaad et al. 2017; 
GWI 2021

Palestine 0.180 0.007 3.7 24
Aggregation of individual project data 
up to 2020 from PWA 2021; GWI 2021

Qatar 0.225 0.165 73.6 17
Data up to 2015 from AbuZeid et al. 
2019 updated to 2020 with individual 
project data from PSA 2021; GWI 2021

Saudi Arabia 3.144 0.431* 13.7 40

Aggregation of individual project 
data up to 2020 from Al-Jasser 2011; 
Chowdhury and Al-Zahrani 2012, 2015; 
Alkhudhiri et al. 2019; GWI 2021

Sudan 1.533 0.029 1.9 3
Aggregation of individual project data 
from Maki 2010

Syria 1.147 NA NA NA NA
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The potential to increase direct water reuse and free up freshwater for other high added value 
purposes remains large in most other countries. In the next section, we review such potential.

2.4. Potential for resource recovery and reuse

The 19 countries in the region that were analyzed produce around 21.5 BCM of municipal 
wastewater every year. This wastewater contains valuable resources, mainly water, nutrients 
(nitrogen, phosphorus, potassium, etc.) and organic carbon. All of these can be recovered 
for different uses. Water is the most important and abundant asset in wastewater and can be 
used as a substitute for freshwater if appropriately treated. Nutrients are valuable in agricul-
ture and aquaculture. Organic carbon can be used as a soil conditioner or to generate energy. 
Based on the actual composition of municipal wastewater in the region (Table 2.1), we can 
estimate the amounts of nitrogen and phosphorus potentially contained in municipal waste-
water and the amount of methane potentially generated from wastewater (Table 2.4).

The potential energy value from carbon in wastewater could be estimated based on the 
biogas production in relation to chemical oxygen demand (COD), which is about 0.5 liters 
(L) of biogas per gram (g) COD removed, corresponding to a methane production of approxi-
mately 0.35 L CH4 per gram (g) of COD removed at 20°C. In practice, the amount of methane 
recovered per gram of COD removed will be less as some of the COD may be used as source of 
reducing equivalents for microbial growth; also not all COD may be biodegradable.

With the conservative assumption that 70% of the COD in wastewater can be actually 
transformed into methane (De Mes et al 2003) and considering that the caloric value of 
methane is 34.9 MJ/m3 CH4, the 21.5 BCM of municipal wastewater estimated to be produced 
in the region could potentially produce 2.650 BCM CH4 with a global caloric value of 92.5 109 

Country

Total 
municipal 

wastewater 
generated** 

Municipal 
wastewater 

that is 
treated and 

directly 
reused

Directly 
reused from 

municipal 
wastewater

Projects where 
municipal 

wastewater 
is treated 

and directly 
reused

Methodological notes and sources to 
calculate municipal wastewater that is 

treated and directly reused

(BCM) (BCM) (%) (N)

Tunisia 0.254 0.034 13.4 63
Aggregation of individual project data 
up to 2020 from DGGREE 2021; ONAS 
2021

UAE 0.801 0.549 68.6 64
Aggregation of individual project data 
up to 2020 from Dawoud et al. 2012; 
EAD 2021; GWI 2021

Yemen 0.326 0.036* 11.1 7
Aggregation of individual project data 
up to 2020 from Al-Gheethi et al. 2014; 
Rageh 2014; Rageh et al. 2017

MENA 21.549 2.275 10.5 409

NOTES: *may include some indirect reuse or blending. **Estimated as the produced municipal wastewater in 2015 from Abu 
Zeid et al. (2019) plus the generated municipal wastewater in the period 2015–2020, the latter is calculated based on per 
capita wastewater in 2015 and the population growth in the period 2015–2020.
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megajoules (MJ), which, if fully recovered, would be enough to provide electricity for about 
8 million households, considering an average electricity consumption of 3,350 kilowatt hours 
(kWh)/household (World Energy Council 2016; Qadir et al. 2020).

Almost 9,000 tons (t) of nitrogen and 200,000 t of phosphorus are potentially embedded in 
the 21.5 BCM of wastewater generated in MENA (Table 2.4). Because part of the wastewater 
is treated, some of these resources are removed. Also, irrespective of treatment, part of the 
wastewater is discharged to water bodies and reused indirectly in agriculture, forestry and 
other productive water users and nutrient sinks, which means that part of this water and 
these nutrients are already recycled, although not in a planned or efficient manner. 

There is nevertheless a good portion of the (treated or untreated) wastewater that is 
discharged into the environment that evaporates or ends up in the sea with no productive 
use. Some nutrients end up in non-productive sinks, such as weeds or algal blooms. Recent 
estimates from Velpuri et al. (forthcoming) suggest that the wastewater evaporated or lost 

TABLE 2.4 Resources embedded in municipal wastewater in MENA countries.

Country
Water T-N T-P CH4 potential***

(BCM) (Tm**) (Tm) (BCM)

Algeria 2.649 61,371 26,400 0.428

Bahrain* 0.186 10,268 2,459 0.019

Egypt 7.196 289,150 46,097 0.689

Iraq* 1.232 50,555 2,931 0.117

Jordan 0.187 18,718 1,970 0.057

Kuwait 0.666 20,959 14,554 0.070

Lebanon 0.481 30,313 5,786 0.073

Libya* 0.514 28,359 1,429 0.054

Mauritania* 0.138 7,610 1,823 0.061

Morocco 0.415 34,348 4,711 0.092

Oman 0.275 24,147 3,302 0.062

Palestine 0.180 12,003 1,842 0.042

Qatar 0.225 7,860 1,123 0.023

KSA 3.144 80,548 41,580 0.318

Sudan* 1.533 84,595 20,264 0.196

Syria* 1.147 29,671 7,107 0.071

Tunisia 0.254 23,558 3,207 0.056

UAE* 0.801 44,193 4,933 0.116

Yemen 0.326 18,014 4,896 0.104

MENA 21.549 876,240 196,414 2.650

NOTES: *countries where the average regional wastewater composition has been used for one or more parameters.   ** 
Tm=Terameter   ***Assuming 0.35 L CH4 per g of COD removed at 20oC and that 70% COD is transformed into CH4. Source: 
authors’ calculations.



WASTEWATER PRODUCTION, TREATMENT AND REUSE      35

in the sea can be as high as 54% of the total wastewater produced in MENA, while the rest is 
reused directly or indirectly (see a detailed analysis for Egypt in Box 2.5). There is still poten-
tial to recover these wasted resources (evaporated or lost in the sea) and to make a more 
efficient use of the wastewater that is currently reused indirectly.

BOX 2.4 The paradox of direct and indirect water reuse and health risks

Direct water reuse differs from indirect water reuse because, in the former, (treatment 
of untreated) wastewater is first discharged into a water body where it undergoes 
dilution prior to use downstream. Indirect water reuse is typically considered safer, so 
it is normally not regulated or controlled. Nevertheless, indirect reuse can be unin-
tentional, and users downstream do not know the sources or quality of the water they 
are using. Farmers, for example, could irrigate vegetables to be eaten raw with diluted 
untreated wastewater, with obvious health risks.

On the other hand, direct reuse is often strongly regulated and sometimes prohibited 
for food crops (see Chapter 5), even when the quality of treated wastewater may have 
pathogenic concentrations orders of magnitude lower than the ‘freshwater’ (or better 
diluted wastewater) that is used to irrigate in many settings across MENA (Abi Saab et 
al. 2022). Paradoxically, at times, reclaimed water from an advanced treatment plant 
is discharged, diluted and wasted into a heavily polluted water body because direct 
reuse is not allowed.

The degree of dilution of (treated or untreated) wastewater in water bodies is not a 
good indicator of the safety of reuse. First, because we would need a dilution of five 
orders of magnitude (i.e., diluting 1 L of wastewater into 100,000 L of clean water) 
to get a reduction of E. coli of 10+EXP5, needed to get the 1,000 colony-forming unit 
(CFU)/100 mL required for unrestricted irrigation. Second, because a strong waste-
water (i.e., with relatively high concentration of pollutants such as a COD of around 
1,000 milligrams/liter (mg/L)) that undergoes only little dilution in a drain, canal or 
creek can have more concentration of pollutants than a weak wastewater (i.e., with 
relatively low concentration of pollutants such as a COD of around 250 mg/L) that is 
reused directly. 

Indeed, all pollutants generated in urban settlements undergo some degree of dilu-
tion. Water used to flush toilets dilutes excreta and urine. Water used in kitchens 
dilutes organic matter from food waste and cleaning products. And water used in 
showers or house cleaning dilutes soaps and detergents. Pollutants are not only 
diluted within household premises, but also outside premises, with rainwater and 
urban runoff. In areas where precipitation and water use are high, dilution will be also 
high resulting in weak wastewater, with relatively low concentration of pollutants. This 
weak wastewater could then have a similar, or even lower, pollution concentration 
than the water in a canal or drain that receives a stronger wastewater even when this 
is diluted to an extent in this canal or drain.
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BOX 2.5 Wastewater fate in Egypt

Egypt is the most populous country in the MENA region with around 106 million 
inhabitants (UN 2019). The wastewater sector is operated by the government through 
the Holding Company for Water and Wastewater (HCWW) and its subsidiaries in all 
provinces of Egypt. The Government of Egypt has paid a great deal of attention to the 
wastewater sector recently in order to better utilize the source of water that could 
contribute to mitigating the impacts of the water crises in Egypt (Orabi 2017).

HCWW operates more than 500 WWTPs. According to the Ministry of Housing, Utilities 
and Urban Communities (MHUUC), the amount of treated wastewater (TWW) was 
about 5.28 BCM in 2020 (MHUUC 2022, GWI 2021). Because the proportion of sewered 
wastewater safely treated at treatment plants is reported by WHO (2021) to be 84% 
in 2020, we estimate the volume of wastewater collected in sewers to be approxi-
mately 6.3 BCM. On the other hand, an additional amount of wastewater is collected in 
on-site systems like septic tanks.

Once treated, reclaimed water can be used directly and indirectly (after dilution), or it 
can be lost when it evaporates or ends up in the sea with no productive use. In Egypt, 
0.29 BCM of reclaimed water are directly used for agroforestry irrigation, 0.03 BCM for 
green areas’ irrigation and 0.01 BCM for non-potable urban uses (MHUUC 2022; GWI 
2021). The remaining 4.94 BCM is discharged into agricultural drains, canals and the 
Nile (4.52 BCM), or coastal lakes, the Suez canal and the sea (0.87 BCM). A relatively 
small portion of treated effluents is evaporated before reaching any water body or reuse. 
Assuming a loss through evaporation in running waters of 25%, and that 10% of the 
wastewater discharged into the surface wasters is dumped in the sea unproductively 
(Simpson et al. 1991, Zhu et al. 2022), we estimate that 2.94 BCM are reused indirectly 
after dilution in surface waters. Therefore, the total balance is as follows:

According to the Egyptian code for wastewater reuse (no. 501/2015), edible crops cannot 
be irrigated by treated wastewater directly, regardless of the treatment level (Ahmed et 
al. 2022). However, as mentioned in Box 2.4, treated wastewater is sometimes better 
than water in canals and drains used for irrigation, which collects pollution from uncon-
trolled point and non-point sources. This is something to be considered by policy.
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If all wastewater that is lost was recovered, the region can unlock new opportunities whilst 
enhancing the region’s ability to adapt to changes in climate and enhance food security.  
The 11.6 BCM of municipal wastewater estimated to be lost, if fully recovered, could  
additionally irrigate and fertilize about 1.4 million ha with a relatively high application rate 
of 8,000 m3/ha/year (Steduto 2012). If no wastewater was lost and 70% of the COD was 
recovered in the form of methane, the energy produced could provide electricity to around 
4 million households, or to all wastewater treatment plants in the region and an additional 
surplus for hundreds of thousands of households.

As the population grows, so does the demand for fertilizer. Nutrient recovery from waste-
water, sludge and other wastes (such as food waste) can regionally and locally help to 
meet this demand and is particularly interesting in and around cities, close to where these 
wastes are produced, and where intensive agriculture is expanding to feed the increasingly 
hungry cities. Moreover, for an essential nutrient like phosphorous, its recovery from waste 
is decreasingly an option but is a necessity as it is a non-renewable resource obtained from 
mining of finite deposits in a few countries (Mihelcic et al. 2011). 

However, structural and financial shortcomings in the wastewater sector, combined with 
challenges of governance and inadequate regulatory frameworks for reuse management, 
impede the fulfillment of this potential. Poor administrative capacities in the planning, 
implementation and management of existing WWTPs and future reuse systems further hinder 
the water reuse potential. The mandates of state authorities are frequently fragmented and 
often conflicting. In countries under economic, financial and political crisis, such as Lebanon, 
these barriers have become more entrenched and tend to attenuate the technical potential 
(Eid-Sabbagh et al. 2022). There are nevertheless ways to address part of these constraints as 
shown in Section 2 and in the regional success stories in Section 3.

2.5. Conclusion

Wastewater treatment and reuse for beneficial purposes offers the means to combat water 
scarcity and pollution at the same time. Nevertheless, the spread of managed wastewater 
reuse is uneven across the MENA region despite it being one of the most arid and water-
scarce regions in the world. Some countries, such as the Gulf countries, Jordan and others, 
promote wastewater treatment and reuse as an integral component of their water manage-
ment strategy; however, many other countries make very limited use of wastewater. Regional 
statistics indicate the considerable potential to increase treatment and reuse of wastewater 
in the MENA region.

The region needs overcome the factors that limit the fulfillment of the regional water reuse 
potential. These limiting factors are: cultural barriers and distrust; institutional fragmenta-
tion; inadequate regulatory frameworks; and the lack of appropriate tariffs, economic incen-
tives and financial models, which undermines cost recovery and the sustainability of reuse 
projects. 
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The region also needs to increase efforts to collect and report standardized data across the 
formal and informal reuse sectors to provide more reliable and updated information, which is 
essential to develop proper diagnosis and effective policies for the safe and productive use of 
these resources. 

Although water reuse in the region is currently limited, there are noteworthy water reuse 
success stories at different scales in and beyond the region. Subsequent chapters of this book 
analyze the economic, policy and social challenges to uncap the water reuse potential and 
suggest practical ways to address them.

References
Abi Saab, M.T.; Jomaa, I.; El Hage, R.; Skaf, S.; Fahed, S.; Rizk, Z.; Massaad, R.; Romanos, D.; Khai-

rallah, Y.; Azzi, V.; Sleiman, R.; Abi Saad, R.; Hajjar, C.; Sellami, M.H.; Aziz, R.; Sfeir, R.; Nassif, M.H.; 
Mateo-Sagasta, J. 2022. Are fresh water and reclaimed water safe for vegetable irrigation? Empirical 
evidence from Lebanon. Water 14(9): 1437. https://doi.org/10.3390/w14091437

AbuZeid, K.; Wagdy, A. Ibrahim, M. 2019. 3rd state of the water report for the Arab Region – 2015. Water 
Resources Management Program - CEDARE & Arab Water Council.

Ahmed, A.; Shalaby, M.; Negim, O.; Abdel-Wahed, T. 2022. Egyptian reuse standards of treated 
wastewater for irrigation: A comparative study of physico-chemical and agronomic controls. MEJ. 
Mansoura Engineering Journal 47(2): 43–59. https://dx.doi.org/10.21608/bfemu.2022.233314

Aleisa, E.; Alshayji, K. 2019. Analysis on reclamation and reuse of wastewater in Kuwait. Journal of Engi-
neering Research 7: 1–13.

Al-Jasser, A.O. 2011. Saudi wastewater reuse standards for agricultural irrigation: Riyadh treatment 
plants effluent compliance. Journal of King Saud University - Engineering Sciences 23(1): 1–8. 
https://doi.org/10.1016/j.jksues.2009.06.001.

Alkhudhiri, A.; Darwish, N.; Hilal, N. 2019. Analytical and forecasting study for wastewater treatment 
and water resources in Saudi Arabia. Journal of Water Process Engineering 32: 100915 http://dx.doi.
org/10.1016/j.jwpe.2019.100915

Al-Gheethi, A.A.; Abdul-Monem, M.O.; Al-Zubeiry, A.H.S.; Efaq, A.N.; Shamar, A.M.; Al-Amery, R.M. 
2014. Effectiveness of selected wastewater treatment plants in Yemen for reduction of faecal indi-
cators and pathogenic bacteria in secondary effluents and sludge. Water Practice and Technology 
9(3): 293–306. https://doi.org/10.2166/wpt.2014.031

Asano, T.; Burton, F.L.; Leverenz, H.L.; Tsuchihashi, R.; Tchobanoglous, G. 2007. Water reuse: Issues, 
technologies, and applications. New York, USA: McGraw-Hill.

Babaousmail, H.; Hou, R.; Ayugi, B.; Sian, K.T.C.L.K.; Ojara, M.; Mumo, R.; Chehbouni, R.; Ongoma, V. 
2022. Future changes in mean and extreme precipitation over the Mediterranean and Sahara regions 
using bias-corrected CMIP6 models. International Journal of Climatology. https://doi.org/10.1002/
joc.7644

Bensaad, H.; Mabrouki, Y.; Taybi, A.F.; Chafi, A. 2017. Assessment of wastewater discharges from 
Taourirt City on the water quality of the Oued Za (Eastern Morocco). Journal of Materials and Envi-
ronmental Science 8(7): 2365–2371.

CAPMAS (Central Agency for Public Mobilization and Statistics). 2022. Current population (2022), 
Greater Cairo. Available at https://www.capmas.gov.eg/Pages/populationClock.aspx (accessed on 
May 31, 2022).

https://doi.org/10.3390/w14091437
https://dx.doi.org/10.21608/bfemu.2022.233314
https://doi.org/10.1016/j.jksues.2009.06.001
https://doi.org/10.1002/joc.7644
https://doi.org/10.1002/joc.7644
https://www.capmas.gov.eg/Pages/populationClock.aspx


WASTEWATER PRODUCTION, TREATMENT AND REUSE      39

Chojnacka, K.; Witek-Krowiak, A.; Moustakas, K.; Skrzypczak, D.; Mikula, K.; Loizidou, M. 2020. A 
transition from conventional irrigation to fertigation with reclaimed wastewater: Prospects and 
challenges. Renewable and Sustainable Energy Reviews 130: 109959. https://doi.org/10.1016/j.
rser.2020.109959

Chowdhury, S.; Al-Zahrani, M. 2012. Water resources and water consumption pattern in Saudi 
Arabia. Proceedings of the 10th Gulf Water Conference, 22-24 April 2012 in Qatar. DOI: 
10.13140/2.1.3964.5127

Chowdhury, S.; Al-Zahrani, M. 2015. Characterizing water resources and trends of sector wise water 
consumptions in Saudi Arabia. Journal of King Saud University - Engineering Sciences 27(1): 68–82. 
DOI:10.1016/j.jksues.2013.02.002

CSB (Central Statistical Bureau of Kuwait). 2020. Statistics of the Environment. Annual Statis-
tical Bulletin of Environment 2020. Available at https://www.csb.gov.kw/Pages/Statistics_
en?ID=44&ParentCatID=4 (accessed on June 22, 2022).

Dawoud, M.A.; Sallam, O.M.; Abdelfattah, M.A. 2012. Treated wastewater management and reuse in 
arid regions: Abu Dhabi case study. Proceedings of the 10th Gulf Water Conference, 22-24 April 2012 
in Qatar.

De Mes, T.Z.D., Stams, A.J.M., Reith, J.H.; Zeeman, G. 2003. Methane production by anaerobic diges-
tion of wastewater and solid wastes. Bio-methane & Bio-hydrogen 58–102.

DGGREE (Direction Générale de Génie Rural et de l’Exploitation des Eaux). 2021.  Pers. Comm. Safaar, C., 
Director of the hydraulics and rural development departmen,  HYDRO PLANT, November 23, 2021.  

EAD (Environment Agency - Abu Dhabi). 2021.  Pers. Comm. Dawoud, M., Water Resources Advisor, 
Environment Agency - Abu Dhabi, September 09, 2021.

FAO (Food and Agriculture Organization of the United Nations). 2020. AQUASTAT Database. Available at 
https://www.fao.org/aquastat/en/ (accessed on May 29, 2022).

Faour, G.; Fayad, A. 2014. Water environment in the coastal basins of Syria – Assessing the impacts of 
the war. Environmental Processes 1: 533–552. https://doi.org/10.1007/s40710-014-0043-5

Qadri, F.; Islam, T.; Clemens, J.D. 2017. Cholera in Yemen – An old foe rearing its ugly head. The 
New England Journal of Medicine 377: 2005–2007. https://www.nejm.org/doi/full/10.1056/
NEJMp1712099

Fragaszy, S.; Fraj, M. B.; McKee, M.; Jobbins, G.; Fayad, A.; Fakih, M.; Lawrenson, L.; McDonnell, R. 
2022a. MENAdrought synthesis of drought vulnerability in Lebanon: Final report. Project report 
prepared by the International Water Management Institute (IWMI) for the Bureau for the Middle 
East of the United States Agency for International Development (USAID). Washington, DC, USA: 
USAID; Colombo, Sri Lanka: International Water Management Institute (IWMI). 67p. doi: https://doi.
org/10.5337/2022.205 

Fragaszy, S.; Fraj, M. B.; McKee, M.; Jobbins, G.; Al-Karablieh, E.; Bergaoui, K.; Ghanim, A.; Lawrenson, 
L.; McDonnell, R. 2022b. MENAdrought synthesis of drought vulnerability in Jordan: final report. 
Project report prepared by the International Water Management Institute (IWMI) for the Bureau for 
the Middle East of the United States Agency for International Development (USAID). Washington, 
DC, USA: USAID; Colombo, Sri Lanka: International Water Management Institute (IWMI). 93p. doi: 
https://doi.org/10.5337/2021.231 

GASTAT (General Authority for Statistics of KSA). 2019. Population estimates by gender and region, 
Riyadh Region (2019). Available at https://database.stats.gov.sa/beta/dashboard/indicator/410 
(accessed on May 31, 2022).

GASTAT (General Authority for Statistics of KSA). 2020. Sustainable Development Indicators. SDG report 
2020. Available at https://www.stats.gov.sa/sites/default/files/SDG%20report%202020EN.pdf 
(accessed on April 28, 2022).

https://doi.org/10.1016/j.rser.2020.109959
https://doi.org/10.1016/j.rser.2020.109959
https://www.csb.gov.kw/Pages/Statistics_en?ID=44&ParentCatID=4
https://www.csb.gov.kw/Pages/Statistics_en?ID=44&ParentCatID=4
https://www.fao.org/aquastat/en/
https://doi.org/10.1007/s40710-014-0043-5
https://doi.org/10.5337/2022.205
https://doi.org/10.5337/2022.205
https://doi.org/10.5337/2021.231
https://database.stats.gov.sa/beta/dashboard/indicator/410
https://www.stats.gov.sa/sites/default/files/SDG%20report%202020EN.pdf


40	 WATER REUSE IN THE MIDDLE EAST AND NORTH AFRICA: A SOURCEBOOK 

GD (Government of Dubai). 2021. Dubai Statistics Centre. Population by gender, Emirite of Dubai (2021). 
Available at https://www.dsc.gov.ae/Report/DSC_SYB_2021_01_01.pdf (accessed on May 31, 2022).

GWI (Global Water Intelligence). 2021a. Desalination & water reuse 2020. Media Analytics Ltd.

GWI (Global Water Intelligence). 2021b. Water reuse projects: Egypt. Media Analytics Ltd.

Haddaoui, I.; Mateo-Sagasta, J. 2021. A review on occurrence of emerging pollutants in waters of 
the MENA region. Environmental Science and Pollution Research 28: 68090–68110. https://doi.
org/10.1007/s11356-021-16558-8

Haji, S.; Ait Alla, A.; Noureddine, S.; Ben Haddad, M.; Moukrim, A. 2021. Study of physicochemical and 
bacteriological quality of treated wastewater by the new Aourir plant (southwestern of Morocco) 
using activated sludge technology in a semi-arid region. Journal of Ecological Engineering 22(6): 
83–98.

Hernández-Sancho, F.; Lamizana-Diallo, B.; Mateo-Sagasta, J.; Qadir, M. 2015. Economic valuation of 
wastewater: The cost of action and the cost of no action. United Nations Environment Programme 
(UNEP).

Ibrahim, M.N. 2019. Effluent quality assessment of selected wastewater treatment plant in Jordan 
for irrigation purposes: Water quality index approach. Journal of Ecological Engineering 20(10): 
206–216. https://doi.org/10.12911/22998993/112491

Jones, E.R.; van Vliet, M.T.H.; Qadir, M.; Bierkens, M.F.P. 2021. Country-level and gridded estimates of 
wastewater production, collection, treatment and reuse. Earth System Science Data 13: 237–254, 
https://doi.org/10.5194/essd-13-237-2021

Kamizoulis, G.; Bahri, A.; Brissaud, F.; Angelakis, A.N. 2003. Wastewater recycling and reuse practices 
in Mediterranean region: Recommended guidelines. MED-REUNET Mediterranean Network on 
Wastewater Reclamation and Reuse. Case Studies. 

Kassab, G.; Jaafari, J.; Halalsheh, M.; Shatanawi, K.; Shareef, M.; Shatanawi, M. 2020. Governance and 
stakeholder analysis of wastewater reuse in Jordan. 10.13140/RG.2.2.33592.98566.

Levy, Y.; Syvertsen, J. 2010. Irrigation water quality and salinity. Effects in citrus trees. Horticultural 
Reviews 30, 37–82.

Maki, A.M.E. 2010. Wastewater management in Khartoum Region Soba wastewater treatment plant 
(stabilization ponds). Available at http://inis.iaea.org/search/search.aspx?orig_q=RN:43127397 
(accessed on April 28, 2022).

Mateo-Sagasta, J.; Raschid-Sally, L.; Thebo, A. 2015. Global wastewater and sludge production, treat-
ment and use. In: P. Drechsel, P.; M. Qadir; D. Wichelns (eds.) Wastewater: Economic asset in an 
urbanizing world. Springer, Dordrecht. 

Mateo-Sagasta, J.; Zadeh, S.M.; Turral, H. 2018. More people, more food, worse water? A global review 
of water pollution from agriculture. Rome, Italy: Food and Agriculture Organization of the United 
Nations (FAO) and the International Water Management Institute (IWMI).

Mateo-Sagasta, J.; Salian, P. 2012. Global database on municipal wastewater production, collection, 
treatment, discharge and direct use in agriculture: AQUASTAT methodological paper. Rome, Italy: 
Food and Agriculture Organization of the United Nations. 

Merghem, K.A.; Gharibi, E.; El Halouani, H.; Taupin, J.D.; Ghalit, M.; Alnedhary, A.A.; Zarrouk, A. 2016. 
Quality study of wastewater treated by waste water treatment plant (WWTP) in the city of Sana’a 
(Yemen) used for agriculture. Moroccan Journal of Chemistry 4(3). https://doi.org/10.48317/IMIST.
PRSM/morjchem-v4i3.5440 

MHUUC (Ministry of Housing, Utilities & Urban Communities). 2022. Wastewater treatment plants in 
Egypt. Ministry of Housing, Utilities & Urban Communities. Unpublished.

https://www.dsc.gov.ae/Report/DSC_SYB_2021_01_01.pdf
https://doi.org/10.1007/s11356-021-16558-8
https://doi.org/10.1007/s11356-021-16558-8
https://doi.org/10.5194/essd-13-237-2021


WASTEWATER PRODUCTION, TREATMENT AND REUSE      41

Nahli, A.; Sakhraoui, N.; Hebabaze, S.; Hmimidi, C.; Brand, C.; Chlaida, M. 2016. Traitement biologique 
membranaire et réutilisation agricole des eaux usées de Mediouna (Casablanca, Maroc) (Membrane 
biological treatment and agricultural reuse of Mediouna wastewaters (Casablanca, Morocco). 
Journal of Materials and Environmental Science 7: 40–49.

Obotey Ezugbe, E.; Rathilal, S. 2020. Membrane technologies in wastewater treatment: A review. 
Membranes 10(5): 89. https://doi.org/10.3390/membranes10050089

ONAS (Office National de l’Assainissement). 2021. Pers. Comm. Chamtouri, I., Hydraulics and environ-
ment, HYDRO PLANT, November 23, 2021.

Orabi, M. 2017. Assessment of the potential contribution of alternative water supply systems to urban 
water security. Case Study: Sharm El-Sheikh, Egypt. Thesis for M.Sc. in Water Management, Special-
ization in Water Resources Management. DOI: 10.13140/RG.2.2.29877.68324 

Ouda, M.; Kadadou, D.; Swaidan. B.; Al-Othman, A.; Al-Asheh, S.; Banat, F.; Hasan, S.W. 2021. Emerging 
contaminants in the water bodies of the Middle East and North Africa (MENA): A critical review. 
Science of The Total Environment 754: 142177. https://doi.org/10.1016/j.scitotenv.2020.142177.

PSA (Planning and Statistics Authority). 2021. Water statistics in the state of Qatar – 2017. https://
www.psa.gov.qa/en/statistics/Statistical%20Releases/Environmental/Water/2017/Water-Statis-
tics-2017-EN.pdf (accessed on May 15, 2021).

PSA. 2022. Water statistics in the State of Qatar – 2019. https://www.psa.gov.qa/en/statistics/Statis-
tical%20Releases/Environmental/Water/2019/Water_infographic_2019_EN.pdf (accessed June 15, 
2022).

PWA (Palestinian Water Authority). 2021. Pers. Comm. Bader, H., Water quality specialist. Palestinian 
Water Authority, November 14, 2021.

Qadir, M.; Drechsel, P.; Jiménez Cisneros, B.; Kim, Y.; Pramanik, A.; Mehta, P.; Olaniyan, O. 2020. Global 
and regional potential of wastewater as a water, nutrient and energy source. Natural Resource 
Forum 44(1): 44: 40–51. https://doi.org/10.1111/1477-8947.12187

Rageh, A. 2014. Impacts assessment of treated wastewater use in agriculture irrigation in Amran area, 
Republic of Yemen. International Journal of Environment and Sustainability 3(1).

Rageh, A.Y.; Al-Garadi, M.A.; Al-Mashreki, M.H. 2017. Environmental effects of wastewater use in agri-
cultural irrigation at Dhamar City, Republic of Yemen. SCIREA Journal of Environment 2(2): 38–52.

Ruiz, D.; Martínez, V.; Cerdá, A. 1997. Citrus response to salinity: Growth and nutrient uptake. Tree Physi-
ology 17(3): 141–150.

Shannon, M.C.; Grieve, C.M. 1999. Tolerance of vegetable crops to salinity: A review. Scientia Horticul-
turae 78: 5–38.

Simpson, H.J.; Herczeg, A.L. 1991. Stable isotopes as an indicator of evaporation in the River Murray, 
Australia. Water Resources Research 27(8): 1925–1935.

Steduto, P.; Hsiao, T.C.; Fereres, E.; Raes, D. 2012 Crop yield response to water. Rome, Italy: Food and 
Agriculture Organization of the United Nations. (Irrigation and Drainage Paper 66). https://www.fao.
org/3/i2800e/i2800e00.htm (accessed June 15, 2022)

Suaad J.A.; Mushtaque A.; Wardy, M.; Al-Busaidi, A.; Choudri, B.S. 2017. Wastewater and sludge 
management and research in Oman: An overview. Journal of the Air & Waste Management Associa-
tion 67(3): 267–278. DOI:10.1080/10962247.2016.1243595

Tawfik, M.H.; Al-Zawaidah, H.; Hoogesteger, J.; Al-Zu’bi, M.; Hellegers, P.; Mateo-Sagasta, M.; Elmahdi, 
A. (in review). Shifting waters: The challenges of transitioning from freshwater to treated waste-
water irrigation in the Jordan Valley. Water International.

Taheripour, F.; Tyner, W.E.; Sajedinia, E.; Aguiar, A.; Chepeliev, M.; Corong, E.; de Lima, C.Z.; Haqiqi, 
I. 2020. Water in the balance: The economic impacts of climate change and water scarcity in the 
Middle East. Washington, DC.: World Bank.

https://doi.org/10.3390/membranes10050089
https://doi.org/10.1016/j.scitotenv.2020.142177
https://www.psa.gov.qa/en/statistics/Statistical%20Releases/Environmental/Water/2019/Water_infographic_2019_EN.pdf
https://www.psa.gov.qa/en/statistics/Statistical%20Releases/Environmental/Water/2019/Water_infographic_2019_EN.pdf
https://doi.org/10.1111/1477-8947.12187
https://www.fao.org/3/i2800e/i2800e00.htm
https://www.fao.org/3/i2800e/i2800e00.htm


42	 WATER REUSE IN THE MIDDLE EAST AND NORTH AFRICA: A SOURCEBOOK 

Thebo, A.L.; Drechsel, P.; Lambin, E.F. 2014. Global assessment of urban and peri-urban agriculture: 
Irrigated and rainfed croplands. Environmental Research Letters 9: 114002.

Velpuri, N.M.; Mateo-Sagasta, J.; Mohammed, O. In review. Spatially explicit wastewater generation and 
tracking in the MENA region. Science of the Total Environment. 

WWAP (United Nations World Water Resources Assessment Program). 2017. United Nations World 
Report on the Development of Water Resources 2017. Wastewater: The resource wasted. Paris, 
UNESCO.

UNEP (United Nations Environment Programme). 2016. A snapshot of the world’s water quality: Towards 
a global assessment. United Nations Environment Programme. Available at https://uneplive.unep.
org/media/docs/assessments/unep_wwqa_report_web.pdf (accessed on June 21, 2022).

UN (United Nations). 2019. Department of Economic and Social Affairs, Population Division (2019). 
World Population Prospects 2019, Online Edition. Rev. 1. https://population.un.org/wpp/Download/ 
(accessed June 15, 2022).

WHO (World Health Organization). 2021. Country files for SDG 6.3.1. Proportion of wastewater safely 
treated. Available at https://www.who.int/teams/environment-climate-change-and-health/
water-sanitation-and-health/monitoring-and-evidence/water-supply-sanitation-and-hygiene-mon-
itoring/2021-country-files-for-sdg-6.3.1-proportion-of-water-safely-treated (accessed on April 15, 
2022).

World Bank. 2018. Beyond scarcity: Water security in the Middle East and North Africa. MENA 
Development Report. Washington, DC: World Bank. https://openknowledge.worldbank.org/
handle/10986/27659

World Energy Council. 2016. Energy efficiency indicators: Average electricity consumption per electrified 
household. http://www.wec-indicators.enerdata.eu/household-electricity-use.html (accessed June 
15, 2022).

Zhang, Y.; Zahang, C.; Qiu, Y.; Li, B.; Pang, H.; Xue, Y.; Yuan, Z.; Huang, X. 2020. Wastewater treat-
ment technology selection under various influent conditions and effluent standards based on life 
cycle assessment. Resources, Conversation and Recycling 154: 104562. https://doi.org/10.1016/j.
resconrec.2019.104562

Zhu, G.; Sun, Z.; Xu, Y.; Liu, Y.; Zhang, Z.; Sang, L.; Wang, L. 2022. Evaporation loss estimation of the 
river-lake continuum of arid inland river: Evidence from stable isotopes. Hydrology and Earth System 
Sciences. https://doi.org/10.5194/hess-2022-75. Preprint.

Zittis, G. 2018. Observed rainfall trends and precipitation uncertainty in the vicinity of the Mediterra-
nean, Middle East and North Africa. Theoretical and Applied Climatology 134(3): 1207–1230.

Zolnikov, T.R. 2013. The maladies of water and war: Addressing poor water quality in Iraq. American 
Journal of Public Health 103: 980–987. https://doi.org/10.2105/AJPH.2012.301118

https://uneplive.unep.org/media/docs/assessments/unep_wwqa_report_web.pdf
https://uneplive.unep.org/media/docs/assessments/unep_wwqa_report_web.pdf
https://population.un.org/wpp/Download/
https://www.who.int/teams/environment-climate-change-and-health/water-sanitation-and-health/monitoring-and-evidence/water-supply-sanitation-and-hygiene-monitoring/2021-country-files-for-sdg-6.3.1-proportion-of-water-safely-treated
https://www.who.int/teams/environment-climate-change-and-health/water-sanitation-and-health/monitoring-and-evidence/water-supply-sanitation-and-hygiene-monitoring/2021-country-files-for-sdg-6.3.1-proportion-of-water-safely-treated
https://www.who.int/teams/environment-climate-change-and-health/water-sanitation-and-health/monitoring-and-evidence/water-supply-sanitation-and-hygiene-monitoring/2021-country-files-for-sdg-6.3.1-proportion-of-water-safely-treated
https://openknowledge.worldbank.org/handle/10986/27659
https://openknowledge.worldbank.org/handle/10986/27659
https://doi.org/10.5194/hess-2022-75

	Editors
	Author affiliations
	Foreword
	Acknowledgments 
	Section One
	Evolution, state and prospects for water reuse in MENA
	Javier Mateo-Sagasta
	Chapter 1
	Context and drivers of water reuse in MENA
	Nisreen Lahham, Javier Mateo-Sagasta, Mohamed O.M. Orabi and Youssef Brouziyne
	Chapter 2
	Wastewater production, treatment and reuse in MENA: Untapped opportunities?
	Javier Mateo-Sagasta, Naga Manohar Velpuri and Mohamed O.M. Orabi
	Chapter 3
	Water reuse policy and institutional development in MENA: Case studies from Egypt, Jordan, Lebanon, Saudi Arabia and Tunisia
	Mohamed Tawfik, Marie-Hélène Nassif, Olfa Mahjoub, Alaa El Din Mahmoud, Ghada Kassab, Mohamed Alomair and Jaime Hoogesteger
	Chapter 4
	Cost of water reuse projects in MENA and cost recovery mechanisms
	Solomie Gebrezgabher, Theophilus Kodua and Javier Mateo-Sagasta
	Chapter 5
	Water quality standards and regulations for agricultural water reuse in MENA: From international guidelines to country practices
	Marie-Hélène Nassif, Mohamed Tawfik and Marie Therese Abi Saab
	Section 2
	Thematic guidelines
	Javier Mateo-Sagasta
	Chapter 6
	A guideline for developing bankable water reuse models 
	Solomie Gebrezgabher and M. Ragy Darwish
	Chapter 7
	Gender mainstreaming guidelines
	Everisto Mapedza, Bezaiet Dessalegn, Malika Abdelali-Martini and Heba Al Hariry
	Chapter 8
	Guidelines to improve acceptance of water reuse
	Javier Mateo-Sagasta and Pay Drechsel
	Chapter 9
	Toward a more harmonious planning and governance of agricultural water reuse: Guidelines, practices and obstacles
	Marie-Hélène Nassif and Mohamed Tawfik
	Section 3
	A selection of outstanding water reuse cases in MENA
	Javier Mateo-Sagasta
	Case Study 1: Morocco
	Marrakech wastewater treatment plant and urban landscaping 
	Brahim Soudi and Adil Daoudi
	Case Study 2: Morocco
	Boukhalef wastewater treatment plant and Tangier green space and golf course water reuse
	Brahim Soudi, Thomas Fer and Imane El Hatimi
	Case Study 3: Tunisia
	Sfax Sud wastewater treatment plant and El Hajeb public irrigated perimeter
	Chokri Saffar and Ibticem Chamtouri
	Case Study 4: Tunisia
	Ouardanine wastewater treatment plant and public irrigated perimeter
	Chokri Saffar and Ibticem Chamtouri
	Case Study 5: Palestine
	Jericho wastewater treatment plant and West Bank date palm irrigation
	Nidal Mahmoud
	Case Study 6: Jordan
	Tala Bay wastewater treatment plant andwater reuse by hotels and resorts 
	Loay Froukh
	Case Study 7: Jordan
	Wadi Musa wastewater treatment plant and the Sadd al Ahmar alfalfa irrigation area
	Loay Froukh
	Case Study 8: United Arab Emirates
	Al Wathbah-2 wastewater treatment plant and Abu Dhabi irrigation scheme
	Mohamed Dawoud
	Case Study 9: United Arab Emirates
	Jebel Ali wastewater treatment plant and Dubai water reuse
	Mohamed Dawoud
	Figure 2.1 Wastewater fate flows (adapted from Mateo-Sagasta and Salian 2012).
	Figure 2.2 Per capita municipal and domestics wastewater generation in MENA countries.
	Figure 2.3 Wastewater generated in MENA. 
	Figure 2.4 Trends in municipal wastewater generation in selected MENA countries. 
	Figure 2.5 Proportion of domestic wastewater safely treated in 2020 as per WHO (2021).
	Figure 2.6 Location and distribution of operational water reuse projects in MENA as of 2020 (N=409).
	Figure 3.1 Water withdrawal by sector in the five countries in 2017 (FAO 2022a).
	Figure 4.1 Financial versus economic analysis of water reuse solutions (adapted from Otoo et al. 2016).
	Figure 4.2 Share of cost components in the total operational cost.
	Figure 5.1 Main parameters monitored in treated effluents.
	Figure 5.2 Examples of options for the reduction of pathogens by different combination of health measures that achieve the health-based targets of ≤ 10-6 DALYs per person per year.
	Figure 5.3 Microbial threshold and crop restrictions for food crop irrigation.
	Figure 5.4 Microbial thresholds for public parks and landscape irrigation. 
	Figure 1 The waste-water-food value chain.
	Figure 6.1 Ladder of increasing value propositions related to wastewater treatment based on increasing investments in water quality and/or the value chain (Drechsel et al. 2015).
	Figure 6.2 Approaches for improving the cost recovery of water reuse models. 
	Figure 6.3 Internal and external drivers and barriers to water reuse models.
	Figure 7.1 The project cycle in the water reuse context.
	Figure 7.2 Gender mainstreaming in water reuse.
	Figure 7.3 Arnstein’s ladder of participation showing different levels of community engagement. SOURCE: Arnstein 1969.
	Figure 8.1 Attitudes toward water reuse options in southeast United States. 
	Figure 8.2 Strategy for public participation in planned water reuse.
	Figure 9.1 The large array of stakeholders involved in the governance of agricultural water reuse systems.
	Figure 9.2 Institutional mapping of governance activities.
	Figure 9.3 Analytical tool to assess stakeholders’ interest, influence and power relations.
	Figure 9.4 Board of the role-play game prepared to design reuse systems around Zahleh and Ablah WWTPs. SOURCE: LISODE 2020.
	Case Study 1: Morocco
	Figure 1   Map showing Marrakech WWTP and reuse project areas.
	Figure 1.2 The Marrakech WWTP and water reuse project: Schematic diagram. 
	Figure 1.3 Key institutional players for wastewater treatment and reuse. 
	Figure 1.4 Stakeholders and management model. 
	Figure 2.1 Map showing location of the Boukhalef WWTP. WWTP Coordinates: 35.716954, -5.932413. SOURCE: Google Earth.
	Figure 2.2 Boukhalef WWTP and Water Reuse System: Simplified schematic diagram. 
	Figure 2.3 Key institutional players for wastewater treatment and reuse. 
	Figure 2.4 Management model of Buokhalef Wastewater Treatment Plant and Tangier Green Spaces and Golf Courses Reuse Project. 
	Figure 3.1 Location map of the existing El Hajeb Perimeter.
	Figure 3.2 Map showing location of El Hajeb Perimeter and Sfax Sud WWTP. SOURCE: Google Earth.
	Figure 3.3 Sfax Sud wastewater treatment plant and water reuse system: Schematic diagram 1.
	Figure 3.4 Sfax Sud wastewater treatment plant and water reuse system: Schematic diagram 2.
	Figure 3.5 El Hajeb Perimeter management and stakeholder model.
	Figure 4.1 Location map of the Ouardanine WWTP. SOURCE: Google Earth.
	Figure 4.2 The Ouardanine WWTP and Public Irrigated Perimeter: Schematic diagram.
	Figure 4.3 Ouardanine WWTP and Public Irrigated Perimeter: Stakeholder and management model. 
	Figure 5.1 Jericho WWTP: Schematic diagram. SOURCE: Jericho Municipality.
	Figure 5.2 Jericho location and borders overlaid on a map showing Jericho WWTP and water reuse area.
	Figure 5.3 Jericho WWTP and West Bank Date Palm Irrigation Project: Stakeholders and management model.
	Figure 5.4 Percentage of treatment operational cost due to effluent selling for reuse. 
	Figure 6.1 Map of Tala Bay, Jordan showing location of WWTP.
	Figure 6.2 Tala Bay WWTP: Site map. 
	Figure 6.3 Tala Bay WWTP: Schematic diagram of treatment and reuse system.
	Figure 7.1 Wadi Musa WWTP location map. SOURCE: Google Earth.
	Figure 7.2 Wadi Musa WWTP: Schematic diagram for the treatment process and reuse discharge areas.
	Figure 7.3 Stakeholder and management model: Schematic diagram.
	Figure 8.1 Metro area population of the Emirate of Abu Dhabi (1950–2030). SOURCE: SCAD 2021.
	Figure 8.2 Al Wathbah-2 WWTP: location map and layout. 
	Figure 8.3 Al Wathbah-2 WWTP: Production 2012–2020.
	Figure 8.4 Al Wathbah-2 WWTP and reuse project: Schematic diagram and management model. SOURCE: DOE 2019. 
	Figure 8.5 Emirate of Abu Dhabi Trade Effluent Control Regulations 2010 Framework. 
	Figure 8.6 Trade effluent discharge characterization chart in the Emirate of Abu Dhabi. 
	Figure 8.7 Structure of the recycled wastewater collection, treatment and reuse for Al Wathbah-2.
	Figure 9.1 Jebel Ali WWTP: Location map. SOURCE: Google Earth 
	Figure 9.2 Jebel Ali WWTP: Layout map. SOURCE: Google Earth
	Figure 9.3 Jebel Ali WWTP: Annual capacity 1990–2019.
	Figure 9.4 Jebel Ali WWTP and water reuse: Schematic diagram.
	Table 1.2 Per capita water resources in MENA countries.
	Table 1.1 Population growth and urbanization for MENA countries.
	Table 2.4 Resources embedded in municipal wastewater in MENA countries.
	Table 2.3 Wastewater production, treatment and reuse in 19 countries within MENA in 2020 (or latest available year).
	Table 2.2 Weighted average composition of influent wastewater in municipal wastewater treatment plants in MENA countries.
	Table 2.1 Weighted average composition of influent wastewater in municipal wastewater treatment plants in MENA countries.
	Table 3.10 Institutional mapping of the responsible institutions for wastewater management and reuse activities in Tunisia.
	Table 3.9 The historical development of the water reuse sector in Tunisia.
	Table 3.8 Institutional mapping of the responsible institutions for wastewater management and reuse activities in Saudi Arabia.
	Table 3.7 The historical development of the water reuse in Saudi Arabia.
	Table 3.6 Institutional mapping of the responsible institutions for wastewater management and reuse activities in Lebanon.
	Table 3.5 The historical development of the water reuse sector in Lebanon.
	Table 3.4 Institutional mapping of the The Ministry of Water and Irrigation (MWI), the responsible institution for wastewater management and reuse activities in Jordan.
	Table 3.3 The historical development of the water reuse sector in Jordan.
	Table 3.2 Institutional mapping of the responsible institutions for wastewater management and reuse activities in Egypt.
	Table 3.1 The historical development of wastewater treatment and reuse in Egypt.
	Table 4.5 Cost of managed aquifer recharge for different technologies.
	Table 4.4 Price and volume of reclaimed water and operational cost recovery from sales of water.
	Table 4.3 Operational cost per unit of wastewater treated with tertiary treatment systems (USD/m3).
	Table 4.2 Investment and operational cost of varying treatment systems in Egypt.
	Table 4.1 Investment cost of WWTPs with tertiary treatment system (USD/m3).
	Table 5.7 Classification and agronomic parameters adopted to regulate crop production in MENA.
	Table 5.6 Physicochemical parameters for the best category of treated effluents in different regulations.
	Table 5.5 Main standards and restrictions for pathogens control.
	Table 5.4 ‘Use conditions’ categories in 12 MENA countries.
	Table 5.3 Historical development of agricultural water reuse quality regulations in five MENA countries.
	Table 5.2 Challenges and solutions for the development and implementation of agricultural reuse standards.
	Table 5.1 WHO guidelines for the safe use of wastewater in agriculture.
	Table 6.1 Advantages and disadvantages of a cost-sharing mechanism.
	Table 9.1 Common community arrangements for wastewater and reuse management found in MENA. 
	Table 1.6 Marrakech WWTP and green space and golf course reuse project: SWOT analysis.
	Table 1.5 Contributions to infrastructure for green landscaped areas and palm grove reuse.
	Table 1.4 Sources of funding 2009–2018.
	Table 1.3 Funding and financial outlook and cost recovery.
	Table 1.2 Regulatory texts relating to the recovery and management of wastewater in Morocco.
	Table 1.1 Chronology of the development of the Marrakech WWTP.
	Table 2.3 Boukhalef WWTP and Tangier green spaces and golf courses reuse project: SWOT analysis. 
	Table 2.2 Funding and financial outlook and cost recovery.
	Table 2.1 Regulatory texts relating to the recovery and management of wastewater in Morocco.
	Table 3.3 Sfax Sud WWTP and El Hajeb Perimeter: SWOT analysis.
	Table 3.2 Funding and financial outlook and cost recovery (continued).
	Table 3.2 Funding and financial outlook and cost recovery.
	Table 3.1 Irrigable areas and land use of farms served by Sfax Sud WWTPs.
	Table 4.2 The Ouardanine WWTP and Public Irrigated Perimeter: SWOT analysis.
	Table 4.1 Funding and financial outlook and cost recovery.
	Table 5.3 Jericho WWTP and West Bank date palm irrigation: SWOT analysis.
	Table 5.2 Capital expenditure, operating costs and cost recovery.
	Table 5.1 Jericho WWTP: Data sheet.
	Table 6.2 Tala Bay WWTP and water reuse: SWOT analysis.
	Table 6.1 Tala Bay WWTP: Funding and financial outlook and cost recovery. 
	Table 7.2 Wadi Musa WWTP and Sadd al Ahmar reuse case: SWOT analysis.
	Table 7.1 Wadi Musa WWTP: Funding and financial outlook and cost recovery.
	Table 8.2 Al Wathbah-2 WWTP and Abu Dhabi water reuse project: SWOT analysis.
	Table 8.1 Funding and financial outlook and cost recovery.
	Table 9.3 Jebel Ali WWTP and Dubai Water Reuse Case: SWOT analysis.
	Table 9.2 Funding and financial outlook and cost recovery (c0ntinued). 
	Table 9.2 Funding and financial outlook and cost recovery. 
	Table 9.1 Jebel Ali WWTP Phase 1 and 2 capacity.
	_Hlk114126493
	_Hlk110941201
	_Hlk110948321
	_Hlk113204658
	_Hlk113204733
	_Hlk113204815
	_Hlk113205029
	_Hlk113205110
	_Hlk113205227
	_Hlk114151419
	_Hlk113205874
	_Hlk113205934
	_Hlk113206412
	_Hlk113206397
	_Hlk113206458
	_Hlk113208381
	_Hlk113206608
	_Hlk113206668
	_Hlk113209233
	_Hlk113207136
	_Hlk113207190
	_Hlk113207332
	_Hlk114151706
	_Hlk111378026
	_Ref68094154
	_Hlk113101801
	_Hlk113098029
	_Hlk113099656
	_Ref102382558
	_Hlk113101388
	_Hlk113101884
	_Hlk113101264
	_Hlk109329450
	_Hlk113547396
	_Hlk104649760
	_Hlk77452524
	_Hlk77378579
	_Hlk112941863
	_Hlk112942019
	_Ref66807057
	_Hlk95143923
	_Hlk95144317
	_Hlk95144331
	_Hlk95144466
	_Hlk95144498
	_Hlk104589400
	_Hlk109567719
	_Hlk112940860
	_Hlk112942392
	_Hlk112686282
	_Hlk110941201
	_Hlk113883225
	_Hlk112846104
	_Hlk111647596
	_Hlk48811136
	_Hlk48811008
	_Hlk111629423
	_Hlk112848824
	_Hlk111629885
	_Hlk110785193
	_Hlk112846585
	_Hlk112846612
	_Hlk113012380
	_Hlk113539794
	_Hlk114036293
	_Hlk113540215
	_Hlk114036479
	_Hlk113540048
	_Hlk113540424
	_Hlk113540489
	_Hlk113540586
	_Hlk113208336
	_Hlk110937987
	_Hlk113541253
	_Hlk113541348
	_Hlk113541611
	_Hlk114037631
	_Hlk114037730
	_Hlk113544029
	_Hlk114038179
	_Hlk113544456
	_Hlk113544750
	_Hlk113544777
	_Hlk113545325
	_Hlk114038023
	_Hlk113545371
	_Hlk113546050
	_Hlk113545841
	_Hlk114037957
	_Hlk95428291
	_Hlk60065297
	_Hlk104145545
	_Hlk60120442
	_Hlk103942933
	_Hlk110940926
	_Hlk110941350
	_Ref31638581
	_Hlk104043636
	_Hlk110942865
	_Hlk103510601
	_Hlk113966535
	_Hlk106785298
	_Hlk113954174
	_Hlk106023472
	_Hlk113955581
	_Hlk106023524
	_heading=h.gjdgxs
	_heading=h.30j0zll
	_heading=h.1fob9te
	_Hlk113955605
	_Hlk106713939
	_Hlk106713963
	_Hlk106716129
	_Hlk105582563
	_Hlk106716284
	_Hlk105596895
	_Hlk106718283
	_Hlk106713963
	_Hlk105596895
	_Hlk105928406
	_Hlk106888937
	_Hlk106888797
	_Hlk107408643
	_Hlk105397799
	_Hlk106879453
	_Hlk106880769
	_Hlk107408738
	_Hlk107408771
	_Hlk107408643
	_Hlk106107098
	_Hlk106973974
	_Hlk106973946
	_Hlk106107751

