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INTRODUCTION 

This publication has been realized in the framework of  the ACCBAT project. 

ACCBAT (Adaptation to Climate Change through improved water demand 

management in irrigated agriculture by introduction of  new technologies and best 

agricultural practices) is a 3-year strategic project launched by ICU (Institute for 

University Co-operation Onlus) in December 2012 funded by the European Union 

(90%) under the programme European Neighbourhood and Partnership Instrument 

Cross-Border Cooperation in the Mediterranean - ENPI CBC-Med 2007-2013. 

ACCBAT promotes sustainability at basin level focusing on the management of  

water resources. 

The partners of  the project are: The National Center for Agricultural Research 

and Extension of  Jordan- NCARE, the Lebanese Ministry of  Agriculture, the 

Tunisian Ministry of  Agriculture, and the Po River Basin Authority (Autorità di 

Bacino del fiume Po – ADBPo) in Italy. 

The aim of  ACCBAT is to improve the management of  the water demand by 

the agricultural sector in Jordan, Lebanon and Tunisia. To this end, the project seeks 

to improve water use efficiency, to reduce the negative impact on the environment 

and to increase the use of  treated wastewaters as a water supply source for irrigation, 

basing itself  on strategies for the transfer of  know-how and on training on Best 

Agricultural Practices.  

Through this publication, project’s partners aim to spread awareness of  the 

problems concerning water and sustainability in agriculture with a special focus on 

wastewater treatement reuse for irrigation purpose in project’s countries promoting 

acceptance by the populations of  the use of  treated wastewaters.  
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1. WATER ON THE EARTH 
 

The water is the main constituent of  the ecosystems and chemical compound 

indispensable for life, social, economic and technological development of  

humankind. 

The use of  water resources and the way in which they are managed have a 

major effect on all aspects of  human existence: health, diet, industrial production 

and the environment. As a result, any problems connected with water have a huge 

impact on our quality of  life: this is why the international and scientific communities 

are concerned about the current situation of  progressive qualitative and quantitative 

degradation that our global water resources are facing.  

It is, in fact, undeniable, that the world, subjected to an unrestrainable increase 

in the population and in consumption – with worldwide consequences on the 

environment and on the deterioration of  resources – is facing a serious water crisis. 

It is not only a question of  a physical lack of  water, but also of  a web of  situations 

and political, social and infrastructural contexts, which make the resource unavailable 

and which often intensify the inequality between the North and the South of  the 

world. 

However studying water and finding the right way to tackle these problems is 

not an easy process. First and foremost, the situation must be approached from a 

multi-disciplinary perspective. So the cooperation of  the various scientific and 

cultural sectors is of  crucial importance:  on the subject of  water, these sectors are 

closely related to one another.  For instance, we can think about how the scarcity of  

water in a geographical area can affect the geopolitics of  that area, or of  the positive 

effects on production sectors of  the efficient management of  water resources. 

It is also important to understand how an intelligent and integrated strategy 

could be the keystone to a complex problem: in the light of  the negative trends, it 

becomes apparent that a change of  approach is needed, abandoning the production 

and consumption habits that have characterised the growth of  the human 

community up until now. In essence, the time has come to apply the principles of  

sustainability formulated and desired on an international scale, by implementing 

efficient practices, which are effectively sustainable for the economy, the 
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environment and the social sphere.  

Additionally, although it is true that the water crisis is striking the entire world, 

it is also true  that the strategies for tackling it must consider the local specificities: 

the politics, including large-scale politics, and the social, economic and geographical 

contexts of  the area involved must to be taken into account when deciding the 

actions to undertake., .  

In the sections below we will provide the fundamental coordinates of  the study 

on water resources from the quality/quantity standpoint and analyse the main 

mechanisms governing water scarcity phenomena. 

 

1.1 Quantity 

Water exists on the earth in a variety of  forms and it is subject to continuous 

transformations and changes of  state: the water cycle, illustrated in Figure 1 includes 

the various transformations and processes to which water is subjected in nature. 

Among these, evaporation from the ground, infiltration into the ground, and the 

formation of  precipitations. 

 

Figure 1: The Water Cycle 
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Source: U.S. Geological Survey- Water Cycle  

 

Water covers 71% of  the earth’s surface and its total volume is estimated to be 

1.338 million km3, equivalent to that of  a sphere with a diameter of  1,385 km.  

This is a remarkable quantity, but it is important to remember nonetheless that 

as much as 97% of  this volume is to be found in the oceans: so it is salt water and is 

not suitable for human consumption unless it is subjected to specific treatments, 

which are not easy to implement. Thus, only the remaining 3% is composed of  

freshwater. 

Of  this percentage, the majority (approx. 68%) is composed of  icebergs, and 

30% of  aquifers. Only a small part (approx. 0.007% of  the total quantity) is 

composed of  rivers and lakes (Table 1)
2
. The main water supply sources for human 

use are the so-called “conventional” sources (rivers, aquifers, lakes, etc.); “non 

conventional” sources, such as salt water, drainage water, etc. are only used to a 

minimal degree (Figure 2). 

 

Table 1: Estimate of  water distribution on the Earth 

 

Source: U.S. Geological Survey- Water Cycle 

 

 

 

                                                 
2  http://water.usgs.gov/edu/watercycle.html 
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Figure 2: Distribution of  water on Earth  

Source: WBCSD, Facts and Trends: Water Version 2, August 2005 

 

1.2 Quality 

Over recent decades, the problem of  the quality of  water resources has become 

of  global interest; despite the efforts made and the local results recorded, estimates 

show that we are witnessing a drop in the quality of  water resources throughout the 

world.  

The quality of  the water resources depends on both natural and artificial 

factors. The natural factors, independent of  human activity, include, for example, 

geological, chemical and biological phenomena, which can bring about variations in 

the water parameters: we can think, for example, of  the depositing of  salts by the 

wind or of  runoff phenomena
3
 and, the percolation of  water in the subsoil. The 

impact of  humankind on the environment has added artificial factors to the natural 

factors, due to the progressive development of  human agricultural and industrial 

activities, to the increase in the population and to the phenomena of  contamination 

and pollution resulting therefrom.  

The worsening of  the quality of  the water has effects, first and foremost, on 

                                                 
3 Runoff is the quantity of  water that does not soak into the subsoil but which runs along the surface, 

following the gradient of  the same, washing out and taking with it any pollutants deposited in the 
ground.  
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human health through its consumption and its use for hygienic practices. Every year, 

3.4 million people die as a result of  diseases connected with water. To get a general 

idea of  the size of  this figure, we can think that it is equivalent to the inhabitants of  

Los Angeles
4
. In addition to having effects on human health and on the 

environment, the consequences of  the deterioration in the quality of  the water 

resources also have economic effects such as negative impacts on industry and 

agriculture in the affected areas, increased costs for the treatment of  water and for 

healthcare. It is also important not to forget that irreparably damaging a water 

supply source in terms of  quality also means depriving users of  a certain quantity of  

water. Therefore, quality and quantity are very closely correlated. It is also useful to 

remember that the concept of  quality is connected with the type of  use of  the 

resource: clearly, standards vary depending on the type of  use involved (for drinking, 

for industry, etc.), meaning that standards have to be more or less strict on the basis 

of  the risk to human health and the environment. Thus, it is not possible to speak 

about the “good” or “bad” quality of  water in absolute terms. 

The quality of  water depends on numerous physical, chemical and biological 

factors, measured according to standardised procedures. Among the various 

parameters that can numerically quantify the properties of  a sample, the most 

important are: 

 physical parameters: temperature; turbidity; 

 chemical parameters: salinity; concentration of  nutrients (phosphorus, 

nitrogen); hardness; 

 biological and microbiological parameters: 

 ○ DO (Dissolved Oxygen; generally speaking, the greater the concentration of  

oxygen in a water sample, the less it is «polluted» by anaerobic proliferation 

phenomena);  

 ○ BOD (Biochemical Oxygen Demand; this is the measurement of  the quantity of  

oxygen required for the microorganisms in the water to metabolise the organic 

substance present in the sample; the greater this quantity, the greater the degree of  

organic pollution in the sample);  

 ○ COD (Chemical Oxygen Demand; this is the measurement of  the quantity of  

                                                 
4  http://water.org/water-crisis/water-facts/water/ 
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oxygen required for chemical oxidation to degrade the organic and inorganic 

substance present in the sample; it is, for the same sample, greater than the BOD);  

 ○ concentration of  pathogenic microorganisms (such as Coliforms: the family 

of  bacteria to which Escherichia coli, among others, also belongs). 

One of  the main causes of  the deterioration of  the water bodies is the 

uncontrolled dumping of  urban and industrial wastewaters.  Although the history of  

humankind, even in ancient times, is rich in examples of  some advanced techniques 

for removing and purifying wastewaters, nowadays purification practices are not 

implemented by all the communities on the planet: it is estimated that up to 90% of  

the wastewaters produced in the developing countries are dumped into water bodies 

without treatment
5
. 

The polluted waters generated by urban agglomerations are normally defined as 

“urban waste” or “urban wastewaters” and include domestic and industrial drainage 

waters, and possibly also water discharged into the surfaces. Urban waste is 

characterised by a large variety of  polluting materials and substances, the 

concentration of  which varies depending on its area of  origin and the type of  

agglomeration involved. In addition to coarse materials such as pieces of  paper, rags 

etc., it is likely to contain: 

 oils and fats; 

 sand and other inorganic sedimentable substances; 

 organic sedimentable substances, suspended and dissolved; 

 inorganic dissolved substances (salts, etc.) 

 non biodegradable organic substances; 

 pathogenic agents
6
. 

The removal and treatment of  urban waste is a necessity for the human 

community, and brings numerous advantages. First and foremost, purification 

treatment avoids health risks by removing the pathogenic agents (viruses, bacteria 

and other microorganisms) coming from the organic waste of  sick people and/or 

                                                 
5 Corcoran, E., C. Nellemann, E. Baker, R. Bos, D. Osborn, H. Savelli (eds). 2010, Sick Water? The 

central role of  waste-water management in sustainable development. A Rapid Response Assessment. United 
Nations Environment Programme, UN-HABITAT, GRID-Arendal. www.grida.no 

6 Riva P. A. and Guadagni A. (eds.), Manuale dell’Ingegnere Civile e Ambientale (Manual of  Civil and 
Environmental Engineering), Milan, Hoepli, 2010. 
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carriers of  diseases with which an individual could come into contact. WHO (World 

Health Organisation)
7
 has also quantified the purely economic benefits deriving 

from the implementation of  efficient health services: they are predominantly due to 

lower costs and time savings in the medical sector. With regard to environmental 

risk, we have already mentioned the persistence of  the practice of  dumping 

untreated wastewaters into water bodies. Although the wastewaters themselves have 

an intrinsic capacity to promote the oxidation of  the organic pollutant load, the 

practice is not sustainable from the environmental standpoint, given the flow rates 

and pollutant load, which exceed the self-purifying powers of  the waterways. 

Typically, conventional engineering solutions for the purification of  

industrial wastewaters involve a treatment system for the sewage itself  and a 

treatment system for the sewage sludge
8
. 

The treatment of  the sewage usually involves: 

 preliminary treatment (pre-treatment); 

 primary treatments; 

 secondary or biological treatments; 

 refining and disinfection treatments. 

It is important to note that the degree of  the refining in the treatment depends 

on the type of  use and final destination of  the purified wastewater. For example, in 

accordance with Italian Legislation, the characteristics of  the purified wastewater 

discharged into the ground have to comply with stricter limits than that discharged 

into surface water bodies.  

The aforementioned phases are summarised below
9
. 

The preliminary treatments are physical treatments designed to eliminate 

solid and oily substances that could damage the functionality of  the plant in the 

subsequent treatments.  

                                                 
7 World Health Organization – WHO. 
8 The “sludge” is the residue of  the purification processes: it consists of  pollutant materials that are 

removed from the wastewater. Due to their high concentration of  pathogenic and pollutant 
substances, the sludge also needs to be appropriately treated. Its treatment process, parallel to that 
of  the wastewater, constitutes the so-called “sludge line” of  the purification plant.  

9 Riva P. A. and Guadagni A. (eds.), Manuale dell’Ingegnere Civile e Ambientale (Manual of  Civil and 
Environmental Engineering), Milan, Hoepli, 2010. 
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The aim of  the primary treatments is to eliminate suspended solids
10

 through 

primary sedimentation: the sewage is left to settle in tanks or retention basins; after a 

certain amount of  time, the suspended solids settle, forming a layer of  primary 

sludge on the bottom, which is then removed.  

The secondary (or biological) treatments are those that serve to eliminate the 

majority of  the organic load. This operation is carried out by exploiting the natural 

tendency of  the bacteria contained in the sewage to degrade the organic substance, 

by reproducing and agglomerating; this enables the formation of  “flakes”, gelatinous 

agglomerates composed mainly of  bacteria, in addition to colloidal substances 

deriving from the sewage.  

The refining treatments are carried out either at the end of  the purification 

process or between one phase and another in order to attain given quality standards 

that cannot be reached with the typical treatments. These are many and varied and 

include, among other things: 

 filtration: this makes it possible to remove the solid sewage particles that 

cannot be eliminated by the other treatments, either due to their size or 

characteristics.  

 activated carbon: this method involves pouring the sewage through activated 

carbon (a material made from carbon with a structure that has the power to 

withhold other substances).  

 disinfection: often only carried out in emergency conditions, disinfection 

involves the use of  chlorine, ozone or UV rays.  

Alongside the conventional methods for treating wastewater, there are also non 

conventional technologies which utilise the natural processes of  degradation 

carried out in nature by the plants and soil. This type of  approach is based on 

decentralised treatments at a local level rather than on the construction of  

centralised infrastructures to which the wastewater has to be transported. Among 

the natural techniques for treating wastewater, there are WSTRs (Water storage and 

treatment reservoirs)
11

 and constructed wetlands. 

                                                 
10 The suspended solids are solids conventionally defined as those withheld by a 0.45 μm pore size 

filter. A person produces approx. 90g of  suspended solids per day. 
11 Storage and treatment tanks.  
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Waste stabilisation ponds are ponds in which the sewage treated is subjected 

to a natural treatment with a biofilm of  aerobic, anaerobic and facultative bacteria
12

. 

Usually multi stage systems are used with a series of  ponds: anaerobic, facultative 

and maturation, in order to refine the treatment.  

Constructed wetlands, on the other hand, use the presence of  certain plants, 

which contribute to purification either by direct action or through the action of  the 

bacteria that live on them. These plants, which are called macrophytes, may either be 

floating or emerging. Constructed wetlands are used to reduce the BOD and 

nutrients; but in actual fact they also reduce pathogens.  

 

1.3 The water footprint and the use of  water 

The Water footprint is an indicator devised by Prof. Arjen Y. Hoekstra. It is 

defined as the quantity of  freshwater used by a company, a human being, a 

community for the production and consumption of  a resource used by that 

company, that human being or that community. Figure 3 shows an example of  the 

water footprint of  sugar cane. 

In general, there are three components to the water footprint: 

 “blue” water: the quantity of  surface freshwater withdrawn to produce the 

item which was not returned to the basin of  abstraction; 

 “green” water: the volume of  fresh rainwater used in production; 

 “grey” water: this is a pollution indicator caused by the production of  the 

product along the entire production chain; it corresponds to the volume of  

freshwater required to dilute the concentrations of  pollutants so as to stay above the 

quality standards
13

. 

 

 

 

 

Figure 3: Water footprint of  sugar cane 

                                                 
12 Respectively: bacteria that can only survive in the presence of  oxygen, in the absence of  oxygen and 

in both conditions. 
13 http://www.waterfootprint.org 
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Source: Water Footprint Network 

 

The concept of  the Water Footprint can be extended to entire countries: The 

National Water Footprint is the quantity of  freshwater used for the production of  

the goods consumed in a country. Figure 4 shows the water footprints of  the 

nations of  the world. 

 

Figure 4: National water footprints  

Source: Water Footprint Network 

 

The majority of  the world’s water resources are used in agriculture, 

predominantly for irrigation, in places where the local precipitations do not supply 

enough water to the crops. Water has been the key to development in many 

countries, as it has enabled them to meet the demand for food of  the rapidly 

growing populations. Figure 5 represents the percentage of  freshwater withdrawals 

for agricultural use: it may be seen that the percentage exceeds 90% in many areas 

with arid and semi-arid climates and that in general it is subject to great variability in 

terms of  space. In the United Kingdom, for example, water withdrawals for 

agriculture are less than 1%
14

. 

                                                 
14 WBCSD, Facts and Trends: Water Version 2, August 2005. 



15 

 

 

Figure 5: Thematic map: percentage of  water resources used in agriculture 

Source: World Bank 

 

The demand for water from the agricultural sector will be faced, in future, with 

the forecast increase in the world’s population, but also with competition from the 

growing demands of  other sectors. Currently, the industrial sector ranks second for 

its water consumption, mainly used for the cooling systems of  thermoelectric power 

stations. Other uses in the industrial sector include process waters used to generate 

steam, or those used as an ingredient in the finished product (pharmaceutical and 

food industries); moreover, the water can be used as a mean for treating industrial 

wastewater and for the production of  hydroelectric power
15

. Last but not least, 

another type of  water withdrawal is that for domestic use by individuals. 

1.4 Water scarcity 

Defining water scarcity in an unequivocal manner is not easy. In general, we can 

say that a country is in a state of  water stress when the demand for water cannot be 

met.  

The most popular definition of  water scarcity uses as an index the relationship 

                                                 
15  Ibidem 
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between the total annual resources available in a country and the total population, i.e. 

the annual quantity of  freshwater renewable per capita. In virtue of  this parameter, 

an area is considered subject to: 

 water stress if  this value is less than 1,700m3/inhabitants per year;  

 water scarcity if  this value is less than 1,000m3/inhabitants per year;  

 absolute water scarcity if  this value is less than 500 m3/inhabitants per 

year
16

.

By way of  example, Figure 6 shows a thematic map that uses as an index the 

volume of  renewable freshwater per person per year, calculated on the basis of  long 

term surface and underground water bodies, taking into account endogenous 

weather inputs and the flows entering and exiting the countries with treaties
17.

.
 

Figure 6: Renewable freshwater per capita per year

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Source: UN-Water Federated Water Monitoring System (FWMS) & Key Water Indicator Portal 
(KWIP) Project, implemented by FAO – AQUASTAT 

 

An unequivocal measurement of  the phenomenon is, however, not always 

possible since the effective availability of  water per individual does not depend 

exclusively on the characteristics of  the territory, but on a combination of  multiple 

                                                 
16  http://www.un.org/waterforlifedecade/scarcity.shtml 
17  http://www.unwater.org/kwip 
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factors: 

 physical scarcity of  the natural resource due to the aridity or semi-aridity of  

the area, and hence scarce availability of  volumes during the whole year, or 

seasonally; 

 lack of  infrastructures, human and economic resources, due to financial and 

institutional issues, which can subject the populations to water stress even in cases in 

which there is not an effective lack of  volumes of  water in the area; 

 The increased demand mainly due to an increase in the population. The 

demand for water is increasing at twice the rate of  the increase in the world 

population
18

. 

For this reason, in literature there are various indices to quantify the problem, 

both from the purely physical standpoint, as well as from the infrastructural, social 

and economic ones
19

; in order to take into account the presence of  non physical 

factors, often a distinction is made between physical water scarcity and economic 

water scarcity. The physical lack of  water consists of  a high demand compared to 

the quantity of  water available (supply). Consequently, it may be seen how an arid 

area is not necessarily subject to water scarcity, although aridity is a factor that 

predisposes it towards scarcity.  Economic water scarcity, on the other hand, consists 

of  a lack of  human, economic and political resources, which prevent the individual 

from enjoying a sufficient quantity of  water; as a result a country rich in natural 

water resources may suffer from water scarcity if  these resources are improperly 

managed.  

 

1.4.1 Decrease of  available volumes of  water 

As already mentioned, the natural characteristics of  a geographical area can in 

themselves be a predisposing factor for water scarcity.  

The orographical and geographical differences between the various areas of  the 

planet also determine differences in the climatic regime and hence in the rain 

                                                 
18 Gorbaciov M., Il nostro futuro sta in un patto sull’acqua (Our future lies in a water pact) in “La 

Stampa Opinioni”, 17 July 2014. 
19 White C., Understanding water scarcity: Definitions and measurements in Global Water Forum, 7 May, 

2012. 
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pattern. Figure 7 shows the average annual precipitations on a world scale.  

 

Figure 7: World distribution of  average annual precipitations 

Source: World Bank 

 

It may be seen how the average precipitations vary geographically, bringing 

more water to certain areas of  the planet and less to others; precipitations are not, 

however, the only contributory factor, inasmuch as the conformation of  the land 

and orographical characteristics, combined with climactic ones, can affect the 

quantity of  water effectively present in the territory. 

In general, however, a low level of  precipitations in the long term may give rise 

to phenomena of  soil aridity, i.e. a negative balance of  water in the soil. The aridity 

may be caused by a low rainfall but also by strong evapotranspiration of  the water in 

the soil, which depends, in turn, on the humidity of  the air. So it is a characteristic 

connected with the climatic properties of  the area, and affects, for example, the 

length of  the period of  the year in which it is possible to plant crops (growing season).  

Aridity is not to be confused with drought: this term refers to a short term 

phenomenon mainly due to low precipitations for a limited period of  time, leading 

to lower availability of  water compared to the long term average, which manifests 

itself  in lower river flows and depletion of  the aquifers.  Drought is a typical feature 

of  the climate of  the Mediterranean countries, particularly those of  Northern Africa 
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and the Near East.   

Lastly, it is important to distinguish between the above-described types of  

aridity or drought and desertification. The latter is defined by the UNCCD (United 

Nations Convention to Combat Desertification)
20

 as "land degradation, i.e. loss of  

productivity, resulting from various factors, including climate variations and human 

activity"
21

. 

 

1.4.2 Climate change 

In the evaluation of  the factors that affect the availability of  resources, climate 

change plays a significant role; this is a phenomenon that affects the temperature of  

the air, the land, and the earth’s energy budget and, hence, the quantity and 

distribution of  water resources.  

Although a small portion of  the scientific community is still sceptical regarding 

the experimental evidence of  global climate change, it has now become an almost 

universally accepted scientific reality, since it is based on the measurement of  several 

parameters
22

. In particular, it has been calculated that 97% of  the scientific 

community now agrees in attributing these processes to human activity
23

.  

The analysis of  the effects of  climate change on the terrestrial system is 

complex. The IPCC (Intergovernmental Panel on Climate Change), a scientific forum 

founded by UNEP (United Nations Environmental Programme) and by WMO (World 

Meteorological Organization) periodically reviews and reorganises scientific 

knowledge on the subject of  climate change, publishing updated reports. The IPCC 

has defined climate change as follows: 

 

“A change in the state of  the climate that can be identified (e.g., by using statistical 

tests) by changes in the mean and/or the variability of  its properties, and that persists for an 
extended period, typically decades or longer, arising from either natural causes or human 

                                                 
20  United Nations Convention to Combat Desertification. 
21  UN General Assembly, Elaboration of  an international convention to combat desertification in countries 

experiencing serious drought and/or desertification, particularly in Africa, 12 September 1994. 
22  http://climate.nasa.gov/evidence/ 
23  Nuccitelli D., Survey finds 97% of  climate science papers agree warming is man-made, in “The Guardian”, 

16 May 2013. 
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activity”
24

.  
 
According to the Fifth Assessment Report, in 2013, climate change will 

generate changes in the water cycle, but the results of  these effects on a small scale 

are very variable from one area to another. Global warming will be the cause of  

direct effects worldwide, such as the faster melting rate of  icebergs, and the rising of  

sea levels at a greater rate than the evaporation of  water into the atmosphere. 

Moreover, by the end of  the twenty-first century an increase in the annual average 

rainfall is expected in tropical areas. This increase, which in some cases exceeds 50%, 

will probably be the cause of  increased concentrations of  water vapour in the air, 

leading to changes in the air currents. The increase in the concentration of  air 

vapour, on the other hand, also causes an increase in evapotranspiration and this 

combats the effects of  the increased precipitations on the humidity of  the land. For 

the subtropical areas, on the other hand, a drop in rainfall of  up to 30% is expected. 

The subtropical areas, site of  most of  the world’s deserts, could therefore be 

subjected to increased aridity. In addition to a variation in terms of  quantity, the 

models foresee a variation also in terms of  the nature of  the precipitations, which 

will tend to be less frequent but more intensive. So there will be a longer time 

interval between these more intensive precipitations, and the periods without 

particular weather events will lengthen, a situation that will tend towards flooding 

and overflowing on the one hand, and drought on the other
25

. 

 

2. Dealing with water scarcity 

 

Water scarcity is a problem the solution to which is neither immediate nor 

simple. In the light of  the above, a complex context emerges in which the physical 

lack of  water in an area is only one of  the factors that influence the effective 

                                                 
24  http://www.preventionweb.net/english/professional/terminology/v.php?id=471 
25  IPCC, Climate Change 2013: The Physical Science Basis, Working Group I Contribution to the Fifth 

Assessment Report of  the Intergovernmental Panel on Climate Change, [Stocker, T.F., D. Qin, G.-K. 
Plattner, M. Tignor, S.K. Allen, J. Boschung, A. Nauels, Y. Xia, V. Bex and P.M. Midgley (eds.)]: 
Cambridge University Press, Cambridge, United Kingdom and New York, NY, USA, 1535 pp. 
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availability of  water for the individual. The institutions, international, national and 

local strategies, communities and economic interests play a role in the way that water 

is distributed, treated and used; so to resolve the water scarcity problem, an 

«engineering» and purely technical approach is not sufficient: the institutional and 

economic players involved must be called upon to act. The strategies for tackling the 

problem must fit into a scenario with a very precarious balance, in which the local 

characteristics of  the area of  application must be taken into account.  

The new water management strategies are gradually diverging from what was 

originally defined as the “hard path”: the approach most widely used until now in 

water management, has been that of  centralised infrastructural intervention for the 

supply, distribution, removal and treatment of  water. Nowadays, it is believed that 

for the effective development of  sustainable water management, we have to follow a 

“soft path”: decentralised actions, with the contribution of  institutional intervention, 

designed to manage the demand rather than increase the supply. 

In practical terms, the interventions to mitigate the effects of  water scarcity 

can either focus on the supply of  the resource or on the demand for the same. Just a 

few suggestions of  strategies that could be implemented are listed below.  

Increasing the supply of  water: this can be implemented through 

infrastructures or limited engineering works geared towards the water harvesting. 

The second part of  the 20th century saw a significant increase in construction 

projects for basins for collecting surface waters, such as large dams. However, this 

approach has been increasingly restrained over the last few decades once the side 

effects of  these large works began to emerge: just think of  the impacts on basin 

dynamics and on the ecosystems caused by the construction of  a dam. Also from 

the economic standpoint, investments for infrastructures of  such dimensions are 

becoming less and less sustainable. At a local level, water-harvesting techniques such 

as reservoirs in periods of  drought have always been practised by farmers and 

communities. 

Aquifers are the most highly exploited water sources of  the planet: the ease 

with which it is possible to dig wells – often illegally – has led to the uncontrolled 

and unsustainable use of  groundwater resources, particularly by the agricultural 

sector. Withdrawals of  groundwater, which in many cases are much greater than the 

rate at which the aquifer can be recharged, have led not only to the depletion of  this 
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resource also in terms of  quality, but also to pollution phenomena and sea water 

infiltration. The artificial recharging of  the aquifers could be a solution: but this 

choice could prove to be far from cheap. So it is well worth evaluating the efficacy 

and the cost-effectiveness of  the artificial intervention compared to natural 

recharging. 

The connection between qualitative and quantitative depletion of  the water has 

already been mentioned. Efforts to stop the pollution of  the water can play an 

important part in the preservation of  water resources: if  we think about the 

irreversible losses that contamination phenomena can cause (e.g. the contamination 

of  an entire aquifer used for supplying drinking water), as well as the economic 

impact of  the purification treatments.  

Lastly, the use of  non conventional sources could present an opportunity well 

worth taking into consideration, especially in situations in which there is a serious 

physical scarcity of  water. The water deriving from the desalinisation treatment of  

salt water accounts, at the present time, for only a very small percentage of  the water 

resources used in the world. The main limitations of  this non conventional source 

are the high costs in terms of  the energy required for the desalinisation process and 

the disposal of  the extremely saline by-product that derives from it. But cases do 

exist in the world of  the virtuous use of  desalinisation processes. Another non 

conventional source is  wastewater. The correct reuse of  wastewater is an excellent 

opportunity, since: 

 its disposal involves an economic, infrastructural and social commitment; 

 its reuse in agriculture can be advantageous due to the natural presence of  

nutrients. 

Demand management strategies include the redistribution of  the use of  

water towards more productive activities and increased efficiency. The 

redistribution of  water from low productivity activities to high productivity 

activities is one of  the strategies that can be used. A tool identified to obtain this 

efficiency is that of  water trading. This system is based on the commodification of  

water rights
26

. The cost of  water is considered as an incentive for reaching 

                                                 
26 An example of  water trading is the Australian case: http://www.nationalwatermarket.gov.au/how-

to-trade/ 
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efficiency in its use. It is important to observe that from the practical point of  

view this correspondence is not at all immediate and that in actual fact different 

systems of  water trading exist, all with different characteristics and different 

outcomes.  

Neither is it possible to consider allocative efficiency as the only criterion of  

evaluation of  an activity. In fact, from the efficiency perspective, compared to 

industry and services, agricultural use is that with the least added value per unit of  

water. But it would be unthinkable to convert the entire agricultural sector, as its 

dynamics also involve social and cultural factors, in addition to the need for the 

institutions to guarantee subsistence to the populations.  

Improving water use efficiency affects the demand for water of  a population, a 

product or a plot of  farming land. A classic example is represented by the leaks of  

the hydraulic systems used to supply an urban agglomeration, which can reach 

alarming proportions; it is, however, important to take into consideration that the 

leaks and the poor efficiency of  a system does not necessarily mean that the 

resources are irreparably lost: in virtue of  the fact that water is subject to a cycle, the 

losses are often simply reallocations of  water in other forms or for the benefit of  

other users. For this reason, implementing rehabilitation works on urban or 

irrigation networks, often costly and economically unsustainable, is not always the 

most effective solution or the one with the best cost/benefit ratio
27

.  

 

2.1 Water in agriculture: the techniques for the sustainable use of  

the resource 

Using an average of  approximately 70% of  the available water resources, the 

production sector most affected by the scarcity of  water is agriculture. On a global 

scale, this creates a problem which is not only environmental but also social and 

economic, since it affects food security
28

 and hence the sustenance of  the populations, 

as well as the economic sector, particularly in countries in which agriculture is the 

                                                 
27 http://www.fao.org/ag/magazine/0704sp4.htm 
28 “Food security exists when all people, at all times, have physical and economic access to sufficient, safe and nutritious 

food to meet their dietary needs and food preferences for an active and healthy life.” World Summit on Food 
Security, Declaration of  the World Summit on Food Security, Rome, 16-18 November 2009. 
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primary source of  income. Agriculture, on the other hand, contributes also to the 

qualitative degradation of  the resource, especially due to the use of  chemical 

compounds and to the risk of  their infiltration in the aquifers. 

The primary use of  water in agriculture is for irrigation. Irrigation is, in fact, 

necessary in all areas of  the planet in which rainwater does not supply water for 

plants in sufficient quantities or with sufficient continuity; irrigation is, therefore, an 

agricultural practice that serves, mainly, to supply the crops, and in particular their 

roots, with the water needed for their development, if  this need is not met by 

precipitations. This type of  irrigation function is called moistening. Then there are 

other reasons for irrigating crops such as thermoregulation (i.e. to regulate the heat 

conditions of  the crop), washout (i.e. the removal of  excessive salts in the soil by 

using more water than necessary) or fertilisation of  the crops. Fertilising irrigation 

may be: 

 corrective, if  its aim is to improve the physical-chemical characteristics of  

the land; 

 amending, if  its aim is to improve its physical-mechanical characteristics; 

 fertilising, if  its aim is to give plants fertilising substances, plant protection 

substances or antiparasitic substances. Fertilising irrigation is also known as fertigation.  

In short, the most widespread irrigation methods may be classified as follows: 

 irrigation by surface expansion, which can be subdivided into: 

 ○ irrigation by flowing, in which a blade of  water is run over the land; 

 ○ irrigation by flooding, when the water submerges the land and lies still or 

moves gently; 

 ○ infiltration: only a part of  the land to be irrigated is covered with moving 

water. 

 

 

 

 

Figure 10: Surface irrigation 
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Source: Alfredobi, Wikimedia Commons 
 

 localised or drip irrigation: this is administered by supplying water close to 

the plant through perforated pipes, sprayers or drippers; 

 

Figure 11: Localised irrigation of  a vineyard (2002) 

Source: Jeff  Vanuga, USDA Natural Resources Conservation Service 

 
 spray or sprinkler irrigation: this is administered in the form of  rain through 

nozzles; 

Figure 12: Sprinkler  

Source: By JJ Harrison (Own work) 
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 in-ground irrigation: this is administered by raising the aquifer or 

through underground dispersant piping. 

 

In general, the efficiency of  watering using the flooding methods is very low, 

falling even lower than 0.45. The efficiency of  the sprinkling methods ranges from 

0.60 to 0.90. Lastly, the localised or drip method is the most efficient, reaching values 

of  0.95
29

. 

There are various methods for a sustainable use of  water resources in 

agriculture, which operate on the quantity of  the resource available or on that 

required, while maintaining quality at the same time. Society and the world’s cultures 

have partially developed the capacity to adapt with the worsening of  the water crisis 

(which is also a result of  the effects of  climate change) and this has enabled them to 

exploit the resources available, whenever possible, through local and institutional 

intervention and technological and economic actions. Having said this, currently, 

there is still ample room for improvement. These considerations led to the so-called 

Good Agricultural Practices (GAP). These are a series of  codes, regulations and 

standards developed by international and governmental organisations, NGOs and 

research centres, relating to the agricultural sector and having the aim of  

guaranteeing environmental, economic and social sustainability of  agricultural 

production and post-production. They include a large variety of  indications 

regarding, for example, the management of  water, land, the food chain, energy 

consumption and safety. By way of  example, there are the GAP defined by FAO
30

 on 

water management. The FAO identifies as GAP, among others, practices which 

guarantee: 

 the correct management of  water resources, minimising unproductive losses; 

 the correct management of  aquifer levels; 

 techniques for monitoring the land and the crops; 

                                                 
29 Riva P. A. and Guadagni A. (eds.), Manuale dell’Ingegnere Civile e Ambientale (Manual of  Civil 

and Environmental Engineering), Milan, Hoepli, 2010. 
30 Food and Agriculture Organization of  the United Nations. 
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 techniques for programming irrigation and preventing the salinisation of  the 

land, etc.
31

. 

Just a few of  the strategies that can be implemented in agriculture in water 

scarcity conditions are summarised below. They include both infrastructural and 

technological interventions, and changes in large scale politics and national strategies.  

 A.  The water available for irrigation can be increased on a large scale through the 

building of  dams, or on the scale of  single farms/land plots, through decentralised 

techniques for water harvesting using small weirs. Water harvesting can greatly 

contribute to the water supply, making resources available which would otherwise 

have been lost through runoff.  
 B. Water use efficiency can also be increased through engineering works, 

modifications to the systems and irrigation techniques such as: 

 the use of  localised irrigation systems, which are more efficient compared 

to other irrigation practices such as irrigation by flooding; in general the use of  

pressurised systems rather than surface irrigation guarantees greater system flexibility 

and better possibilities to control the use of  the water, with the evident advantages 

ensuing from careful management of  the water resources; 

 the renovation of  the irrigation ditches by coating them with cement in 

order to reduce leaks through infiltration; this work should only be executed if  the 

advantages from the reduced leakage are greater than the advantages deriving from 

the recharging of  the aquifers thanks to the infiltration of  the irrigation water; 

 the increase of  Water Productivity (WP) through a more favourable 

balance in the use of  the water by the plants, maximising the quantity of  water used 

in a productive manner by the plant and minimising that lost through evaporation; 

this objective is achieved through a combination of  astute strategies, control of  the 

use of  the water and possibly also the use of  biotechnologies and new plant-

breeding techniques; 

 the adoption  of  irrigation management strategies such as deficit irrigation 

(DI), which maximises irrigation water use efficiency, eliminating the quantities of  

                                                 
31 http://www.fao.org/prods/GAP/home/principles_2_en.htm 
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water supplied to low input crops, and allowing – against a slight reduction in the 

yield of  the crops – the use of  the water saved for other deficit crops
32

. 

 C. The large irrigation systems, often conceived and financed by the institutions 

over the past decades in order to promote employment and decrease poverty prove 

to be inadequate in the light of  the new supply/demand ratio, due to greater 

competition between the users of  the resource; so it is essential to rethink the 

design engineering of  large systems, focusing attention not only on the effects 

on crops, but also on the growing needs of  farmers and on the benefits that an 

irrigation system can bring to the natural system, being an integral part of  the water 

balance (just think about the benefits that astute use of  the water resources could 

have in the recharging of  over-exploited aquifers)
33

. 

 D. National politics are of  fundamental importance in the development of  

the most suitable technologies. The national agriculture organisations must supply 

accurate information on the use of  water in agriculture, combining its own work 

with that of  other agencies, such as environmental agencies. Moreover, the approach 

of  the measures implemented must be oriented towards the management of  the 

demand rather than the supply, through flexible systems that strive to meet the needs 

of  the user rather that attempting to maximise the supply
34

. Other large scale actions 

include: 

 the use of  crops that are economically more profitable per unit of  irrigated 

water; 

 investing in agriculture watered by precipitations; this solution is not always 

easy to implement in semi-arid areas, where periods of  drought can have devastating 

effects on production; 

 trying to improve the country’s water footprint by reducing losses during the 

harvesting, transportation, packaging etc. that the crops are subjected to. 

Last but not least, the sustainable techniques for preventing water scarcity 

problems also include those of  increasing the availability of  water by also making use 

                                                 
32 FAO, Deficit Irrigation Practices, 2002. 
33 FAO, Committee of  Agriculture, Agriculture and Water Scarcity: a Programmatic Approach to Water Use 

Efficiency and Agriculture Productivity, Rome 25-28 April 2007. 
34 Ibidem 
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of  the so-called “non conventional” sources, i.e. drainage water, treated wastewater 

and salt water. 

 

2.1.1 The use of  wastewater in agriculture  

The production of  wastewater by human settlements, urban and industrial 

agglomerations generates, as already mentioned, a health and ecology issue, 

particularly in the large cities of  the developing countries. Given the projections 

forecasting the rise in the populations of  the developing countries, the increase in 

per capita water consumption, and the urbanisation processes which will increase the 

dimensions and the pressures exerted by the large urban agglomerations, the 

situation is bound to worsen in the near future. However, under given conditions, 

appropriately treated wastewaters could present a resource and an opportunity. 

Especially in agriculture, the presence of  nutrients (phosphorus, potassium and 

nitrogen) in the wastewaters render them particularly suitable for use on fields, 

thanks to the natural fertilizing properties of  the nutrients themselves.  

They are used first and foremost in the developing countries in which the water 

scarcity of  the area combines with the increasing demand for food from the 

expanding urban agglomerations to the urban and peri-urban agricultural areas; at 

the moment, however, very few data are available on the effective use of  wastewaters 

in agriculture worldwide. In particular, there is very little information available on the 

use of  untreated or partially treated wastewater, which according to estimates irrigate 

7% of  the world’s arable land
35

; this use, although widespread, is implemented in the 

majority of  cases in an «informal» manner, not officially reported.  

The use of  these wastewaters, however, must always be done within legal limits: 

the use in agriculture of  water with the characteristics of  wastewater cannot be 

practised in an uncontrolled manner, due to the risks that it entails. First of  all, there 

are risks for human health, due to the high concentrations of  pathogenic organisms, 

in addition to the presence of  heavy metals which could enter the food chain, and 

pharmaceutical residues. Notwithstanding the positive presence of  natural fertilisers, 

moreover, the wastewaters can be damaging to the crops: in certain cases it can lead 

                                                 
35 Liebe J., Ardakanian R., Sewilam H., UNW-DPC, eds. of  UN-Water Decade Programme on 

Capacity Development, Proceedings of  the UN-Water project on the Safe Use of  Wastewater in Agriculture, 
2013. 
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to a reduction in production or toxicity in the plants. Similarly, in the event of  

greater salinity, wastewaters can modify the structure of  the land, decreasing its 

productivity; also the aquifers, in the long term, can suffer from the excessive 

quantities of  salt and the presence of  the nutrients. From the ecological standpoint, 

if  drained in closed water bodies, the irrigation wastewaters can cause eutrophication 

phenomena
36

 in the receiving water body
37

. 

In order to define the limits and procedures within which the reuse of  

wastewater does not generate a risk for human health, the World Health 

Organisation has drawn up some guidelines. In them, the following preventive 

measures for controlling the health risk are proposed: 

1) restrictions regarding the type of  crops (restricted irrigation): this consists 

of  the use of  wastewater only for certain categories of  plant:  

 a) plants not destined for consumption (e.g. cotton, plants for the 

production of  biodiesel); 

 b) plants that will be subjected to treatment (e.g. wheat); 

 c) plants that will be cooked prior to consumption (e.g. rice). 

2) choice of  irrigation method: some methods such as flooding, present the 

maximum risk for farmers and their families; localised irrigation minimises these 

risks. A further precaution could be to stop irrigation one or two weeks before 

harvesting the crops so as to promote the elimination of  any microorganisms; in 

fact, they disperse in the period between the last irrigation and consumption, thereby 

lowering the risk of  contamination for the user. 

3) washing of  the crops: carried out vigorously with water, disinfectant 

solutions or detergents, this guarantees the removal of  the pathogens, in quantities 

that depend on the type of  crop in question. These practices should be promoted 

through hygiene education programmes in order to inform the user or the person 

                                                 
36 The term «eutrophication» indicates the excess of  nutrient substances in a water body, which can 

give origin to algae which cover the surface of  the same; this impedes the light from entering and 
the oxygenation of  the water, thus creating unfavourable conditions for the life of  aquatic flora 
and fauna.  

37 Hussain I.; L. Raschid; M. A. Hanjra; F. Marikar; W. van der Hoek. 2002. Wastewater use in 
agriculture: Review of  impacts and methodological issues in valuing impacts. (With an extended list of  
bibliographical references). Working Paper 37. Colombo, Sri Lanka: International Water Management 
Institute. 
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assigned to the task how to wash and peel the product.  

4) hygiene practices and protection of  the workers: farmers must be 

equipped with protective clothing and have access to clean water; also final 

consumers are advised to follow scrupulous domestic hygiene practices. Information 

programmes should be organised and immunisation actions undertaken if  required. 

5) treatment of  the wastewaters: the water to be used may be subjected to 

various types of  treatments. Methods with long retention times may be used, such as 

stabilisation ponds, retention and treatment basins and artificial wetlands; 

alternatively, traditional engineering methods may be chosen, with lower retention 

times, which carry out a primary treatment to eliminate solids through 

sedimentation, a secondary treatment for the biodegradation of  the organic 

substance, and a third treatment, if  required. Due to ease of  use and lower costs, the 

first option is the most suitable for the developing countries, notwithstanding the 

longer retention times. The use of  untreated wastewater is still practised in many 

regions of  the world, where infrastructures and economic resources are lacking; it is 

recommended to carry out at least one minimum treatment using anaerobic and 

facultative tanks or an advanced primary treatment with filtration through a granular 

medium in order to meet the minimum quality standards
38

. 

 

 2.2 The wastewater treatment in Lebanon: the Ablah plant 

 The Ablah WWTP is designed to treat the wastewater of  three villages: 

Ablah, Niha and Nabi Aila, with a total population of  11,000 inhabitants, which 

generate around 1000 m³ of  wastewater daily. Plant’s designed capacity is 2000 m³/ 

day, therefore it will be able to stay in service for at least the next 30 years without 

the need for any expansion work. 

The plant uses three steps in treating the water:  

1. Primary treatment (screening then sedimentation) 

2. biological treatment using trickling  filters  

3. disinfection. 

The resulting product is a secondary treated water. 

                                                 
38 WHO, Guidelines for the safe use of  wastewater, excreta and greywater. Volume 2: Wastewater use in agriculture, 

2006. 



32 

 

 

Primary Treatment of  raw sewage include coarse screening then fine screening and 

ending with the primary settling tank or primary clarifier.  The sludge removed in the 

final step is pumped into an anearobic digester as for the water it completes its way 

to secondary treatment. 

 

Figure 13: Primary treatment 

 

 

 

 

 

 

 

 

 

 

 

 

 

Coarse screen is carried out to remove any large trash greater than 2 cm and two fine 

screens, drop the wastewater on top of  a big fine screen, remove solids 2.5 mm or 

greater and they are manually raked daily. 

In the Ablah plant there are three primary clarifiers, each with a slide gate to control 

how many we need based on the flow. In the clarifier we remove settleable solids and 

suspended solids and floater using scum skimmers in the bottom picture. The sludge 

that settles in the bottom of  the 3m tank is pumped twice a day to an anaerobic 

digester and it is composed of  95% water. 

 

In the secondary treatment process or biological process, the water goes through a 

trickling filter followed by a secondary sedimentation tank or clarifier afterward the 

water would be disinfected before heading to the Litani river. 
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Figure 14: secondary treatment 

  

 

 

 

 

 

 

 

 

 

 

The trickling filters are two round towers 10 m high filled with plastic media allowing 

the water to trickle down slowly and air circulating from the bottom of  the tank to 

the top would saturate the water creating a perfect environment for slime to grow. 

Water circulates at least two and a half  times in this filter before going into the 

secondary clarifier. 

Rotary arm Distributor, evenly distributes water over the surface of  the trickling 

filter to better absorb the oxygen, and the dissolved solids get absorbed by the slim 

growing on the media, and saturates the water with oxygen. 

After exiting the trickling filter the partially treated water would have slime from the 

trickling filter that is light fluffy sludge that require longer time to settle. Therefore, 

the secondary clarifier is bigger than the primary clarifier but on the top side it is 

easier to extract the sludge from the bottom of  the tank using only telescopic valves 

that are connected to the bottom of  the tank and located in a channel inside the tank 

with its bottom lower than the water surface. Thus, lowering the pipe, by simple 

hydraulics and without the use of  electricity, the sludge is extracted and either 

pumped to the digester or returned by gravity to the influent station to be pumped 

later from the primary clarifier. At the end of  the tank there is scum skimmer to 

remove any floating sludge and a baffle plate to stop it from exiting the tank and 

only water 50 cm below the surface would exit which is the clearer and cleaner water. 

Clear water with no smell. 

At the plant High Test Hypochlorite is used to diluted on site to 20% concentration 
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and pumped to the entrance of  the chlorine channel using a chemical pump to let 

the air mix with the water and help the chlorine dissolve faster but still disinfect the 

water. 

All the sludge removed from the primary and secondary clarifiers is put in an 

anaerobic digester where it is mixed for 40 days to break up the sludge and decant 

part of  the water from it. Without the addition of  any oxygen, the aerobic bacteria 

die and anaerobic bacteria replace it. After 40 days, the sludge is pumped into the 

drying beds where no new sludge is added from mid-July to let the wet sludge dry in 

the sun and by mid to late September the dried sludge is tested then donated to local 

farmers to use as fertilizer for trees and for trees in the municipal garden. 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

3. The ACCBAT project:
39

 increase in irrigation efficiency 
and the reuse of  wastewater in agriculture

  
ACCBAT (Adaptation to Climate Change through improved water demand management in 

irrigated agriculture by introduction of  new technologies and best agricultural practices) is a 

strategic project launched by ICU (Institute for University Co-operation Onlus) in 

December 2012 funded by the European Union (90%) under the programme ENPI 

                                                 
39 Website of  the project ACCBAT http://accbat.eu/ 
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CBC-Med 2007-2013 (European Neighbourhood and Partnership Instrument Cross-Border 

Cooperation in the Mediterranean). This programme contributes to the promotion of  

cooperation in the Mediterranean Basin for the purpose of  encouraging sustainable 

development and increasing the development potential of  the countries involved. 

Among the priorities of  ENPI CBC-Med, there is also the promotion of  

sustainability on a basin-wide scale, using measures designed to preserve the natural 

heritage. At the same time, it is committed to promoting water management actions 

in the countries involved
40

. ACCBAT is part of  ENPI CBC-Med’s general strategy, 

working on the priorities of  the latter in order to promote sustainability at basin level 

(2nd priority); in particular, the project focused on the management of  water 

resources (objective 2.1).

The partners of  the project are: The National Center for Agricultural Research 

and Extension of  Jordan- NCARE, the Lebanese Ministry of  Agriculture, the 

Tunisian Ministry of  Agriculture, and the Po River Basin Authority (Autorità di 

Bacino del fiume Po – ADBPo) in Italy. 

3.1 Problems of  the target countries and objectives of  the project 

The need for action to be taken in the target countries has emerged in the face 

of  the difficulties encountered by the partner institutions in putting activities into 

practice to improve irrigation efficiency and reuse wastewaters in agriculture.  

In the three countries, in fact, the use of  wastewaters for agriculture is an 

objective of  the national strategies and investments have been earmarked for the 

construction of  WWTPs (wastewater treatment plants); however their effective spread in 

agriculture is still scarce, due to the poor quality of  this water and the inability of  the 

local institutions to transmit the required know-how to the farmers. Moreover, the 

irrigation networks are generally characterised by rather inefficient methods and high 

water losses due to farmers’ lack of  knowledge on the piloting of  irrigation, and 

these problems add to the widespread conditions of  water scarcity and drought that 

is a typical feature of  these territories.  

Specifically, the aim of  ACCBAT is to improve the management of  the water 

                                                 
40 For further details on CBC-Med priorities, consult the official website 

http://www.enpicbcmed.eu/programme/about-the-programme/priorities-and-measures 
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demand by the agricultural sector in Jordan, Lebanon and Tunisia. To this end, the 

project seeks to improve water use efficiency, to reduce the negative impact on the 

environment and to increase the use of  treated wastewaters as a water supply source 

for irrigation, basing itself  on strategies for the transfer of  know-how and on 

training on Best Agricultural Practices.  

The project produced the following results: 

 technology transfer in the three target countries, with increased water use 

efficiency and the replacement of  traditional water sources with wastewaters treated 

in pilot demo parcels; 

 reinforcement of  institutional capacities in the introduction of  innovative 

technologies, in the Extension Services, and in the development of  effective 

response strategies to the depletion of  water resources in the partner countries; 

consolidation of  the institutional network; 

 increase in the profits of  the farmers involved, with consequent 

improvement of  their social and economic conditions; 

 improvement of  regional and international cooperation between the target 

countries and the other countries of  the Mediterranean on the use of  treated 

wastewaters for irrigation, with the employment of  a shared water quality indicator 

developed by the project; 

 actions to spread awareness of  the problems concerning water and 

sustainability in agriculture; acceptance by the populations of  the use of  treated 

wastewaters in agriculture.  

 

3.2 Activities, obtained results and beneficiaries 

The project aimed to improve agricultural practices with a view to increasing 

water use efficiency and promoting the use of  non conventional sources, such as 

treated wastewater and salt water. To this end, the areas and treatment plants on 

which to carry out the pilot project were selected: 

 In Tunisia, the treatment plants of  Beni Khiar and Nabeul that supply the 

irrigation perimeter of  Oued Souhil and areas for the piloting of  irrigation with 

conventional water sources in the perimeters of  Beni Khalled, Haouaria (region of  

Cape Bon) and for the irrigation of  treated salt waters in the region of  Mahdia;  
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 In Jordan, the treatment plants of  Ramtha (in the region of  Irbid), Al Salt 

(Balqa Region) and Madaba (Region of  Madaba), situated in the west to north-west 

area of  the country; 

 In Lebanon, the wastewater treatment plant of  Ablah, District of  Zahleh, in 

the Bekaa Valley. 

 

Figures 15-16-17: ACCBAT area of  intervention in Tunisia, Jordan and 

Lebanon 

Source: Google Earth 

 
Pilot demo fields have been prepared at the agricultural research centres of  

the three local partners and on the land of  2 farmers. They represent a tool for 

evaluating and demonstrating the advantages of  the technological solutions 

introduced.  

In Lebanon, the demo fields have been prepared on the land of two farmers to 

highlight any differences in production, using both treated wastewater and well 

water. 

In Jordan, the demo plot at the NCARE research centre in Ramtha has been 

equipped with: 

• a drip irrigation system equipped with filters and volumetric fertiliser system, 

the correct management of  which will enable increased irrigation efficiency 
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and savings on the use of  fertilizers; 

• a water storage basin made of  stainless steel and plastic, covered with 

nonwoven fabric in order to minimise losses of  water due to evaporation and the 

proliferation of  algae, which offers greater flexibility as regards the adoption of  

irrigation practices and an improvement of  the quality of  the water obtained through 

settling.  

In Tunisia, a demo field was prepared at the experimental centre of  

INRGREF
41

 in Oued Souhil. It consists of  a localised irrigation system with treated 

wastewater composed of  pre-filtration devices, two 500 m3 storage and settling 

basins, each lined with geomembrane, pumps and sand and disc filters, fertiliser 

injectors and dripping lines, which enable the irrigation of  5 ha of  fruit trees. 

Another demo field was prepared at the Technical Centre of  Citrus of  Beni Khalled, 

where the project built a system to demonstrate the efficiency of  the piloting of  the 

irrigation of  a hectare with conventional water sources, equipped with filtration and 

fertigation system.  

In Tunisia, moreover, a demo plot for the use of  non-conventional water for 

irrigation has been established in Mahdia. In this area, the project contributed to the 

creation of  a desalination unit (reverse osmosis) for brackish waters to be used in 

irrigation. The plot is composed by: a 150m3 storage basin for conventional water, a 

200m3 storage basin for desalinated water and another basin of  600m3 for the 

storage of  mixed waters (desalinated and conventional waters). A total of  capacity of  

200 m3/per day will be desalinated to reduce the quantity of  mineral salts from 4.8 g. 

to 1.5 g. per litre of  water and a total of  300m3/per day of  mixed water will be used 

for the irrigation of  about 60 greenhouses. Moreover, in the framework of  the 

project, 24 farmers’ greenhouses will benefit of  irrigation equipment for a total 

coverage of  1.5ha. 

In Jordan, the areas and beneficiaries of  the project are located in some of  the 

most densely populated areas of  Jordan, the land of  which is suitable for farming 

activities, and the production of  treated wastewater is constant throughout the year. 

In Jordan 31 farmers have been equipped for a total area of  18ha: 10ha irrigated with 

TWW and 8ha irrigated with more efficient irrigation systems with a mix of  TWW 

                                                 
41   Institut National de Recherches en Génie Rural, Eaux et Forêts (Tunisia). 
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and conventional water. 

In the area assigned to the Al Salt plant, 11 farmers were selected with plots of  

land having average dimensions of  10-20 dunums (1-2ha). This land is mainly 

dedicated to growing fruit trees (olives, lemons, grapes, peaches, apricots and plums). 

Surface irrigation is used to water this area. In this area, a single storage basin with a 

capacity of  approx. 200m3 was built, equipped with a piping system from which the 

water is conveyed by gravity to the beneficiary farms.  

 

Figure 18: Treatment plant at Al Salt 

Source: ACCBAT 

 

In the area of  Ramtha a selection was made of  10 farmers producing fodder 

crops (clover, barley, corn, sorghum and alfalfa) and 7 water tanks were installed for 

water storage together with a pumping system and a drip irrigation network covering 

a surface area of  10du (1ha). Another 3 farmers who already had a water storage 

basin were given a drip irrigation with a capacity to cover an area of  10du (1ha). 

In the area served by the Madaba plant, 10 farmers producing fodder crops 

were selected and 8 metal water storage basins was constructed complete with a 

pumping system to water the plots. 2 farmers who already had a water storage tank 

were given a drip irrigation system complete with filters and fertiliser injector, with a 

capacity to cover an area of  10du (1ha). 

In Lebanon, 30 farmers were selected for a total area of  15 ha. Of  these 

farmers, 28 will receive treated wastewater from the Ablah plant, while other 2 will 

continue to use conventional water sources with more efficient irrigation systems. 
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On the farmers’ 30 plots of  land, in which vines for table grapes are grown, efficient 

drip irrigation systems fitted out with fertigation injectors were installed.  

Moreover, on land belonging to the Municipality of  Ablah, a storage basin 

with a capacity of  approximately  15,000 m3 for storing treated wastewater was 

constructed, which will enable the farmers, for irrigation, to replace conventional 

water sources with treated wastewater from the nearby WWTP of  Ablah.   

In Tunisia, the following activities were carried out:  

- in the irrigation perimeter of  Oued Sohuil, 7 farmers, for a total of  7 ha, 

benefitted from the installation of  a modern and innovative system for drip 

irrigation with treated wastewaters. It consists of  a localised irrigation system 

composed of  pre-filtration devices, two 400 m
3
 storage and settling basins 

made of  corrugated steel, pumps and sand and disc filters, fertiliser injectors 

and dripping lines.  

- 25 farmers of  the irrigation perimeter of  Beni Khalled, for the growing of  

citrus fruits in an area of  25 ha, benefitted from a modern drip irrigation 

system. 4 of  them also benefitted from 100m3 basins for the collecting of  

conventional water sources; 

- 24 farmers of  the irrigation perimeter of  Haouaria, for the growing of  

horticultural products, peanuts and tomatoes covering a total area of  22 ha, 

were also fitted out with modern systems for drip irrigation with the use of  

conventional water sources.  

In some of  the project target areas of  the three countries, 5 agricultural 

meteorological have been set up so that irrigation techniques that take into account 

the effective water requirements of  the crops can be put into practice (piloting of  

irrigation). 
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Figure 19: Tunisia - Haouaria meteorological station and irrigation systems 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Source: ACCBAT 
 

In parallel with the infrastructural works in the field, the project contributes to 

reinforcing the local institutions by improving their know-how on the 

management of  irrigation and good agricultural practices and on the use of  treated 

wastewater in agriculture. To this end, ACCBAT has assessed the training needs of  

the Extension Agents and the staff  of  the project’s partner institutions by drawing up a 

strategy and a custom-tailored training road map, associated with field trips, 

workshops, conferences and seminars.  

 

Figures 20-21: Tunisian Ministry of  Agriculture staff  training on fertigation 

Source: ACCBAT 
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Training modules were also developed for the farmers, who, like the staff  of  

the local institutions, benefitted from theory lessons and field days focusing on the 

use of  efficient irrigation methods and practices and the use of  treated wastewater. 

 

The aim of  ACCBAT is also to improve cooperation in the countries involved 

on the quality and management of  water resources for agriculture in the 

Mediterranean, through the development of  a water quality index common to the 

three countries, with the final aim of  reconciling and combining the existing laws. 

As part of  the project, international conferences and a study tour in Italy have been 

held attended by project partners, stakeholders and local and international players, 

and cooperation initiatives and exchanges with research centres and international 

agencies have been launched. 
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The project in brief 

Most of  the countries bordering the Mediterranean Basin are in a 

state of  physical water scarcity, in particular in the Southern and 

Eastern shore. This situation is getting alarming since water demand 

is growing rapidly due to intensified agriculture, industrial 

development, population growth and climatic change. In Jordan, Tunisia and Lebanon, water use 

efficiency and the use of  treated wastewater in agriculture have already been incorporated in 

national strategies and priorities. Unfortunately, the stakeholders responsible to put these strategies 

into practice have not enough means and experience to target these goals and consequently need 

more support. 

 

ACCBAT is conceived to respond to this specific expectation. In this framework, the project aims 

at improving water demand management and ensuring water needs of  the agricultural sector 

through the increase of  water-use efficiency and of  use of  treated waste water. Pilot actions, 

reinforcement of  capacity building and training will be the key activities to achieve this objective. 

 

Beneficiary 

ICU - Istituto per la Cooperazione Universitaria - ONLUS (Italy, Lazio) 

 

Partnership 

National Centre for Agricultural Research and Extension (Jordan, Al Baqa) 

Lebanese Ministry of  Agriculture (Lebanon) 

Tunisian Ministry of  Agriculture (Tunisia, Tunis) 

ADBPO - River Po Basin Authority (Italy, Emilia-Romagna) 

 

Specific objective 

To improve water demand management and ensure water needs of  the agricultural sector on a 

regional scale through increase of  water-use efficiency, increased use of  treated waste water for 

irrigated agriculture, and reduced negative environmental impact, based on technology transfer and 

training in Best Agricultural Practices, that allow for adaption to climate change. 

 

The project “Adaptation to Climate Change through Improved Water Demand Management in 
Irrigated Agriculture by Introduction of  New Technologies and Best Agricultural Practices - 
ACCBAT” is implemented under the ENPI CBC Mediterranean Sea Basin Programme 
(www.enpicbcmed.eu). Its total budget is 4,998,952.50 Euro and it is financed, for an amount of  
4,498,152.50 Euro (90%), by the European Union through the European Neighborhood and 
Partnership Instrument. 
 

 

 

 
Contact us 

barbara.cosentino@icu.it  

http://accbat.eu 


