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1 INTRODUCTION

1.1 Objectives 

This chapter is concerned with water supply for domestic,  industrial and irrigation 
use.  The wastewater sector is  analyzed in a separate chapter;  however,  due to the 
integrated approach adopted by the Government of Lebanon, common points between 
the two sectors will be presented in both chapters.

The objective of this chapter is to develop a vision for the water supply sector. The 
development  of  this  vision  will  be  based  on  a  rational  and  practical  approach 
presenting  and  analyzing  technical,  institutional  and  economic  options  for  the 
development of the sector. The main purpose of this exercise is to respond to the 
following question: given the current situation of the water supply sector, what would 
be the reasonably expected objectives for the sustainable development of the sector 
within the coming 10 to 15 years and what would be the different options to achieve 
them?

Two water sector strategies were drafted to the Government in 2005. The first one is 
relative  to  the  "Investment  Planning  Program"  prepared  by  the  Consultant  to  the 
Ministry of Energy and Water in March 2005. This strategy put special emphasis on 
the  "Water  Resources  Management"  within  its  political,  social,  financial  and 
economic contexts. It presents the general principles for a better management of this 
sector. The other is prepared by the World Bank in September 2005. It focuses on the 
reforms  and  institutional  aspects,  and  on  the  specific  investment  operations.  The 
Ministry’s  strategies provide valid material  for the vision of the water sector. The 
additional  vision  aspect  that  the  present  report  is  focusing  on  is  the  objective  of 
balancing between Water Demand Management and Water Resources Management. 

On  the  other  hand,  the  Ministry  of  Energy  and  Water  is  in  the  process  of 
implementing  its  Ten-year  plan  agenda  prepared  in  1999.  This  plan  consists  of 
developing potential surface water resources through the construction of dams and hill 
lakes (cf. 1.4.2.1 for more details).

1.2 Methodology

The methodology followed here follows the steps shown in Figure 1. The problem is 
first identified, and its root causes diagnosed using the problem-tree approach. The 
existing conditions of the water sector are then assessed, using published reports and 
information  gathered  in  Phase  I  of  this  work.  The  planned  projects,  policies,  or 
programs relevant to the water sector are also identified. If any conflicts exist between 
the  policies  proposed/developed  for  other  sectors  and the  water  sector  exist,  they 
would be identified and reconciled.

The stakeholders pertinent to the water sector are then identified, and classified into 
main and secondary. This is important when identifying the roles and responsibilities. 
The barriers and constraints that currently exist, and within which the sector operates, 
are then identified. This leads to the definition of the sector overarching vision and 
objectives.
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Once those are defined,  the various options which can be used to accomplish the 
objectives  are  identified.  Those  options  and the  considerations  related  thereto  are 
classified into the following three categories: technical, institutional, and economic. A 
set of performance criteria is developed, which can be used later on to evaluate the 
options and select preferred ones, based on location and local conditions.

Figure  1:  The  Development  Methodology  for  a  Vision  for  the  Water  Supply 
Sector

1.3 The Problems: Causes and Effects

The review of the existing conditions revealed that, except for North Lebanon and 
some  other  regions,  water  distribution  network  coverage  is  nearly  90  %  (CDR, 
2004b)1.  The basic problem of the sector is the inadequate services provided. The 
causes and effects of this problem are examined using the "problem tree" approach 
shown in Figure 2. 

The problem tree tool is a useful exercise in analyzing the existing situation in the 
sector  by identifying  the  causes  and the  cause-effect  relationships  and their  main 
causal  relationships.  The  output  is  a  visual  arrangement  of  problems;  they  are 
arranged to show the causes-effect hierarchies. This technique helps understand the 
broader context, the interrelationship of problems and the potential implications when 
considering other sectoral issues.

In reference to this figure, the major reasons of an inadequate water supply services 
are represented here.

1 CDR (2004b). Schéma Directeur de l’Aménagement du Territoire Libanais (SDATL).
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Figure 2: The Problem Tree for the Inadequate Water Supply Services

1.3.1 Causes of Problems

1.3.1.1 Water Quantity

i. Water Resources

Lebanon is located at the edge of an arid zone and is characterized by a relatively 
short rainfall season of 5 months and a rather long dry season of 7 months. The rough 
topography,  the high altitudes of the mountains,  the geological formation,  and the 
relatively  high  precipitation  rates  induce  the  seasonal  runoff  of  numerous  rivers, 
wadis,  and springs. Table 1 shows the water balance components  in Lebanon and 
Table 2 shows the relationship between the actual domestic water demands and the 
exploited volume of water allocated for domestic use. The figures show that in certain 
cases a deficit exists between the water demand and the available water resources. 

Table 1. Water Balance in Lebanon (Fawaz, 1992)2.

Water Balance Components Quantity (Million Cubic Meter per 
year)

Precipitation (rainwater and snow) 9300
Evaporation 4500
Total 4800
Unexploited volume of ground water and 
ground water flow into sea

1170

Springs 1145
Surface water 1800
Exploited surface water 685
Exploitable surface water 1300

2 Fawaz M. (1992). Water Resources in Lebanon. In “Proceeding of the conference about the water 
sector in Lebanon” pp. 1-12, Beirut.
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Exploitable ground water 400

At an  assumed reliable  and adequate  supply and a  national  average of  200 l/c/d, 
excluding  non-accounted  for  water,  the  present  annual  water  demand  would  be 
270 MCM.  With  an  assumed  50%  non-accounted  for  water,  this  demand  would 
increase to about 400 MCM. By year 2025, the net demand would be 315 MCM. If no 
efforts were made to reduce the non-accounted for water, the gross demand would be 
in the range of 600 MCM, versus 500 MCM if losses were reduced to 25%. The 
100 MCM is equivalent to 50% the capacity of the Qaraoun Dam and could irrigate 
about 16,000 ha.

Similarly, the short rainfall season coincides with the low irrigation water demand, 
whereas, the 7 months dry season coincides with the high irrigation water demand. 
This  condition  implies  proper  water  resources  management  to  meet  the  various 
demands. 
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Table 2: Diagnostic Analysis of the Water Authorities (Société Générale, 2002; CDR, 2003b, 2005b ; ONDEO-Liban, 2005a, b)
Public 
Authority

Water 
Establish
ment

Services offered to consumers (subscribers)
%  of  served 
population

Number  of 
subscriptions * 
1000

Number  of 
hours  of 
supply per day 
(H/E)4

Number  and 
types  of 
water 
Resources 
(Gr. or sur.)3

Consumer  demand 
(1000*m3/d)/ 
volume  used  from 
water  resources 
(1000*m3/d)

Treatment Network

Winter Summer Stations 
of 
Chlorin
ation ? 
(Y  or 
N)5

Capacity 
of  the 
station 
(1000m3/d
ay)

%  of 
network 
ages more 
than  30 
years

Number of 
permanent 
personnel 

Beirut  and 
Mount-Lebanon

Beirut 100 700 14(W), 2(S) 54 (gr.) 405/550 405/205 Y 430 96 109

Barouk 70 74 12(W), 6(S) 50  (gr.),  2 
(sur.)

71/107 71/66 Y NA6 71 27

Ein  El 
Delbe

48 79 16(W), 8(S) 30 (gr.) 139/169 139/80 Y 100 60 85

Jbeil 62 19 12(W), 6(S) 15 (gr.) 16/18 16/13 Y 1.5 100 20
Metn 82 37 12(W), 8 (S) 11  (gr.),  2 

(sur.)
47/31 47/30 Y 3.6 90 8

Kesrouan 94 50 10(W), 5(S) 28 (gr.) 55/95 55/50 Y NA 79 7
South Jabal 

Amel
ND 24 NA 28 (gr.) 4 

(sur.)
43/40 43/40 Y 7 100 10

Nabeh  El 
Tasse

ND 53 NA 42 (gr.) 83/101 83/91 Y 0. 100 41

Saida ND 17 24(W), 24(S) 19 (gr.) 60/72 60/67 Y 10 100 28
Sour ND 22 NA 79 (gr.), 31/37 31/37 Y 23 100 32

North Akkar 22 8 24(W), 24(E) 43 (gr.) 34/11 34/11 Y ND 27 17
3 Gr.= groundwater resources, sur.= surface resources.
4 W= Winter, S= Summer.
5 Y= Yes, N= No.
6 NA= information Non Available.
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Batroun 46 7.5 24(H), 24(E) 10 (gr.) 16/12 16/12 Y 12 0 19
Bcharre 46 3.7 ND 11 (gr.), 13/4 13/4 Y ND 100 8
Doniyyeh 63 8.4 ND 29 (gr.) 12.4/16 12.4/16 Y ND 26 42
Minieh ND ND ND ND ND ND ND ND ND ND
Kobeyat 21 2.4 24(H), 24(E) 22 (gr.) 9.9/6.6 9.9/6.6 Y ND 44 39
Koura 55 11 16(H), 16(E) 21 (gr.) 21/12 21/12 Y 12 46 30
Tripoli 50 49 24(H), 24(E) 22 (gr.), 29/87 29/87 Y 40 40 36
Zogharta 14 3.2 17(H), 17(E) 37 (gr.) 21/13 21/13 Y ND 39 14

Bekaa Baalbek 39 19 ND ND 11/30 11/30 Y ND ND 167
Chamsine 77 16.7 ND ND 9.3/18 9.3/18 Y ND ND 38
Zahle 75 25.5 ND ND 14/32 14/32 Y ND ND 17
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Nevertheless, many studies and assessments show that the available water resources 
are barely enough to satisfy the domestic and industrial demands as well as the short 
to  medium term agricultural  demand,  if  they are  adequately  managed..  The latest 
official statistical analysis issued show that the population in Lebanon is presently 3.7 
million. The United Nations7 expected that by year 2025 the population would reach 
4.3 million and in 2050, 4.7 million.  This increase in population is  systematically 
accompanied with an increase in urbanization and consequently in water demands, 
exerting additional pressure on the available water resources. 

The impacts of this pressure are difficult to quantify due to the lack of reliable data. 
Consequently,  the  Administration  is  requested  to  engage  into  developing  reliable 
database required for a sustainable management of the water resources to satisfy the 
water demands of the future generations. 

ii. Inadequate Domestic Water Infrastructure

a. Losses in the networks

The age of the domestic water supply network is one of the factors that contribute to 
the losses, they grows proportionally with the age of the networks. In Lebanon, the 
greater  majority  of  the  water  supply  networks  are  more  than  30  years  old.  It  is 
commonly estimated that the Unaccounted for Water (UW) may reach up to 50 % in 
most of the Water Authority’s. This UW is composed of losses from water networks, 
unpaid water bills, reading errors, etc.. At the Sour Water Authority for instance, the 
UW is estimated at 55 % and losses from the water networks are estimated at 20% 
(CDR, 2003b)8. At the Akkar Water Authority, losses from the networks are estimated 
at  30%,  whereas  they  are  50% at  the  Zogharta  Water  Authority  (ONDEO-Liban, 
2005b)9.  This  Unaccounted for water rate  (>50 %) is  higher than that  reported in 
France (28 %)10, in Switzerland (15-25 %), and in Singapore (4%).

b. Required financial resources

Important  investments  are  required  for  improving  the  efficiency  of  the  exiting 
networks. The current expenditures in this sector are distributed essentially between 
new investments and operation and maintenance of the works. The following table 
presents  the  total  estimated  expenditure  of  the  CDR,  the  Ministry  of  Energy and 
Water,  the  Council  of  South  and  the  Council  of  the  Displaced  (Sandouk  al-
Mouhajjarin)  in  the  water  sector  during  the  1992-2004  period  (Table  3).  The 
persistent  high unaccounted for water,  and inadequate facilities  and equipments in 
various  authorities  require  the  injection  of  additional  investments  by  the  public 
administration in the sector, with a particular focus on administrative management, 
fee collection and rehabilitation of tertiary distribution networks. 

7 http://esa.un.org/unpp.

8 The diagnostic survey of the Water Authorities of the South. BRL ingénierie.

9 Complément et mis à jour du Diagnostic des Services des Eaux du Nord. 

10 Institut Français de l’Environnement (IFEN)(2001). The losses in the drinking water supply system 
in France, National overview.
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The initial investment cost of the drinking water sector was estimated by the Société 
Générale  at  US$  1350  million  (Société  Générale,  2002)11.  The  present  value  of 
infrastructure is estimated at US$ 520 million12.

Table 3: Total Expenditures of the Domestic Water Sector between 1992-2004 
(Société Générale, 2002; CDR, 2003a13 ; 2004a14, 2005a15))

Public 
administration

Technical and 
institutional 
assistance 
(MUS$)

Construction 
(MUS$)

Operation 
and 

maintenance 
(MUS$)

Total (MUS$)

CDR (Data: 1992- 
2004)

65 529 19 613

Ministry  of 
Energy  and 
Water (Data: 
1992- 2002)

- 62 13 75

Council  of  South 
(Data:  1992- 
2002)

- 158 - 158

Council  of  the 
Displaced (Data: 
1992- 2002)

- 136 1 137

Total (MUS$) 65 885 33 983

The annual cost to satisfy the operation and maintenance of the sector is estimated at 
US$ 72 million/year by Société Générale (Société Générale, 2002). This cost includes 
the following components: US$ 24 million/year for the pumping (electricity), US$ 14 
million/year  for human resources, US$ 6 million/year  for the equipment,  US$ 0.5 
million/year for the treatment and US$ 27 million/year for the maintenance (2 % of 
the initial investment cost).

iii. Industrial Water

The MoEW estimated the industrial water demand at 130 MCM and projected the 
2015 demand at 240 MCM. Other reports estimated the actual demand between 35 
and 65 MCM. In fact, it is difficult to have an accurate estimate, since most industries 
rely on their private water wells and the water authorities had no means of controlling 
this use. 

iv. Irrigation Water 

The irrigable area in Lebanon is estimated at 530,000 ha, of which some 360,000 are 
cultivated.  Of  the  cultivated  land,  only  87,000  ha  are  currently  irrigated  and 
273,000 ha are rainfed. 

11 Société Générale (2002). Privatization of the water and wastewater sectors: technical and economic 
consultancy.
12 The difference between the initial investment cost and the current value of the infrastructure is 
explicated by the depreciation costs. 
13 CDR (2003a). Progress report. 
14 CDR (2004a). Progress report.
15 CDR (2005a). Progress report.
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The irrigation networks can be grouped under two categories; larger and smaller than 
1000 ha.  The first includes Akkar El Bared, Danniye,  Yammouneh,  Qasmieh, and 
South Bekaa. Some 17,000 ha of these areas have been rehabilitated / upgraded over a 
period of 10 years at a cost of US$ 40.5 million. Others systems in this category are 
Orantes  and South  Lebanon;  they are  on  the  pipeline  for  construction.  The latter 
covers 15,000 ha at an estimated investment cost of US$ 440 million.

The second category includes about 28 public irrigation systems and a larger number 
of privately developed systems. Of the 28 systems, only 18 covering a total area of 
11,650  ha  (average  650  ha  per  system)  proved  to  be  feasible  for  rehabilitation  / 
upgrading. Their rehabilitation was initiated in 2001. The private category consists of 
either a spring with a water right, a well, a pump installed in a surface water stream or 
small hill reservoir constructed by the farmer, and piped networks.  

Water used for irrigation was estimated at 870 MCM. With the projected irrigation 
development, the irrigation water demand would be 1450 MCM.  

A high percentage of Farmers is using advanced technologies for irrigation (drip and 
sprinklers) to irrigate the largest possible area with the limited resources available. 
However, since irrigation water charges are collected by irrigated area, farmers are 
reporting smaller areas than what they are actually irrigating (case of Qasmieh). This 
justifies the high rate of irrigation of 15,000 to 18,000 m3/ha.

1.3.1.2 Water quality

i. Excessive use of groundwater

In Lebanon, underground resources constitute the main source of domestic water. The 
number  of  individual  private  wells  has  grown  extremely  over  the  last  years. 
According to the Central Administration for Statistics Census carried out in 199616, 
the number of private wells is estimated at more than 45000. In 1970, there were only 
3000 wells. The depths of these private wells have changed as well. It increased from 
an average depth of 50 m to 100 m, 150 m and even up to 500 m, particularly during 
the last decade. 

Furthermore, the groundwater quality has become unacceptable because of numerous 
reasons;  mainly  waste  water  discharges  in  the  groundwater  and  seawater,  and 
excessive pumping reduces the water level and induces sea water intrusion along the 
coastal strip. 

ii. Pollution - Inadequate wastewater utilities

The wastewater sector is presented and discussed in a separate chapter. However, the 
defective conditions of this sector and the lack of treatment facilities for the industries 
and domestic wastewater constitute major reasons for the pollution of water resources 
and the mediocre quality of the drinking water.

1.3.1.3 Institutionnel causes 

i. Responsibilities of the Government and the Public Establishments

16 Central Administration for Statistics (1996). Census carried out in 1996.
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Defining the responsibilities within the water sector helps identifying the tasks of each 
stakeholder. The definition of these responsibilities is currently being refined due to 
the promulgation of the Law 221 dated May 2000. 

Before May 2000, drinking water was managed mainly by the 21 Water Authorities 
under close tutelage of the Ministry of Energy and Water. The jurisdiction areas of 
these Authorities were defined often according to physical, administrative, or even 
social  boundaries  rather  than  hydrologic  limits.  The  concept  of  watershed 
management  by  the  Authorities  was  practically  inexistent;  it  was  kept  within  the 
responsibilities of the tutelage ministry. The Authorities had the responsibility of the 
operation  and  maintenance  of  the  water  systems  and  fee  collection.  Moreover, 
because of the gaps in the coverage, some municipalities and 209 local committees 
were managing their separate domestic and irrigation systems. Residential buildings 
and industries developed their independent water systems.

Law 221 was promulgated in May 2000, yet its implementation is not fully in effect 
yet. It aims at an integrated approach of the water sector. The Law created four Water 
Establishments:  the  Public  Water  and  Wastewater  Establishment  of  Beirut  and 
Mount-Lebanon, the Public Water and Wastewater Establishment of the North, the 
Public Water and Wastewater Establishment of the South and the Public Water and 
Wastewater Establishment of the Bekaa. 

These  Establishments  have  financial  and  administrative  autonomy.  They  are 
commercial  establishments  and  must  therefore  balance  their  expenditures  and 
incomes. They have the duty of the operation and maintenance, the construction and 
the rehabilitation of domestic water, wastewater and irrigation systems (irrigation is 
excluded from the responsibility of the Bekaa and South Establishments and LRA is 
responsible). Besides, they are the prime responsible towards the subscribers. Tariffs 
are to be approved by the tutelage Ministry. 

The  area  of  jurisdiction  of  these  establishments  is  determined  by  natural  and 
administrative boundaries rather than watershed basins. The Awwali River traces the 
boundaries between the establishments of the South and Beirut and Mount-Lebanon; 
the administrative boundaries trace the limits between the establishments of the South 
and the Bekaa. 

In  June  and  July  2005,  the  hierarchy  and  functional  structures,  as  well  as  the 
administrative and financial regulations of these Authorities have been put in force 
(Official  Gazette,  2005),  following  the  promulgation  of  Decrees  14913,  14914, 
14915, 14916, 14596, 14597, 14598, 14599, 14600, 14601, 14602, and 14603. 

The new Law did not significantly modify the responsibilities of some stakeholders. 
In the case of the Ministry of Energy and Water (MoEW), it still has the responsibility 
of  water  resources  planning  at  the  country  level,  the  administrative  and financial 
control of the establishments, as well as monitoring of the quality and quantity of 
surface and groundwater resources. Prior to the promulgation of the Law, the MoEW 
was  responsible  for  the  preparation  of  master  plans,  designs  and  monitoring  the 
construction of the water supply projects. Following the elaboration of the Law, the 
MoEW is only responsible for large-scale activities and projects exceeding the limits 
of  the  Establishments,  such  as  national  scale  master  plans,  projects  of  dam 
constructions,  etc.  Projects  of  regional  or  local  scales  are  assigned  to  the  Public 
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Establishments  who  should  as  well  provide  the  necessary  funding.  Besides,  the 
MoEW has always the responsibility of the management of the resources.

Furthermore, the Litani River Authority (LRA) that had essentially the responsibility 
over the management of Litani River’s water and measurement of the rivers flows at 
the national scale, has kept its tasks. Therefore, its responsibilities in term of water 
resources management, wastewater management and water production overlap with 
those of the two Public Establishments of the South and the Bekaa for irrigation.

The Council for the Development and Reconstruction (CDR) contributed to planning 
the rehabilitation and development of the sector, preparation of designs and tender 
documents,  negotiation  with  the  international  funding  agencies,  and  monitoring 
construction activities  and O&M. However,  the CDR is not involved in all  water 
projects; some have been handled independently by the Ministry. 

Moreover,  other actors are involved in the water sector.  They are the Ministry of 
Environment  that  deals  with  the  elaboration  of  standards  for  water  use  and  the 
protection of the environment; the Ministry of Public Health that controls the drinking 
water quality; the Council  of the South which executed drinking water projects in 
South Lebanon and West Bekaa; the Ministry of Finance that overlooks the budgets 
and expenditures of the Establishments and is concerned with the approval of the 
tariff modifications proposed by the Public Establishments.

ii. Assessment of the Current Situation

a-            Responsibilities and functions of stakeholders  

The above shows that several public administrations have identical functions (Public 
Establishments,  LRA,  CDR,  MoEW  and  Council  of  the  South)  in  designs  and 
execution  of  projects.  In  some  cases,  there  is  an  overlap  of  duties  and  lack  of 
coordination among them. For instance, the Council of the South and the LRA are 
constructing a domestic water supply scheme for the West Bekaa and Rachaya that 
the Water and Wastewater Establishment for the South may not be willing to operate 
due to its high operation cost. 

As for the water resources management, Law 221 is ambiguous in terms of allocation 
of responsibilities. The MoEW is responsible for the preparation of studies pertaining 
to  the  management  of  the  water  resources,  while  the  Litani  River  Authority  is 
responsible for the hydrologic measurements at the national scale. The Law does not 
establish  the  cooperation  means  and  mechanisms.  The  same  applies  to  the  water 
resources shared among two adjacent establishments. 

Similarly,  two  administrations  split  the  responsibilities  of  the  surface  water 
hydrology;  the  LRA  is  responsible  for  the  flow  measurements  while  the  Civil 
Aviation  is  responsible  for  the  climatic  records.  Their  cooperation  means  and 
mechanisms are not properly established. 

As for the human resources at the MoEW and the Public Establishments, the technical 
assistance  contracts  since  1996  may  not  have  been  very  sustainable.  The  local 
resources  who  participated  in  the  technical  assistant  contracts  were  hired  by  the 
consultants or funding agencies left at the end of the contract period. The existing 
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human resources are insufficient in number. Furthermore, the average age of current 
human resources is beyond fifty years old. A sustainable and efficient operation of 
this sector requires the recruitment of specialized technical and administrative staff. 
The  regulations  of  the  Water  Establishments  imply  recruiting  a  large  number  of 
professionals and technicians. 

b-            Performance of operation and maintenance  

The  analysis  of  the  adequacy  of  the  Operation  and  Maintenance  of  the  Water 
structures in Lebanon is an important subject that extends beyond the objectives of 
this  study.  The  inadequacy  of  the  O&M  could  be  assessed  using  two  types 
performance  indicators:  indicators  of  means  and indicators  of  results.  Among the 
indicators of means is the adequacy of human resources and among the indicators of 
results is the hours of water supply per day.   

Concerning  human  resources,  it  has  been  reported  that  Water  Authorities  lack 
sufficient and adequate expertise (CDR, 2003b). 

On the other hands, Table 2 shows that few Offices provide 24 hours supply a day. 
Several factors explain the interruption of the service, among which is the inadequacy 
of the O&M (cf. Table 2). 

In  addition,  the  water  authorities  face  many  other  constraints.  For  example,  they 
suffer  from  the  poor  of  professional  and  high  technological  tools,  the  scarce  of 
program training,  the  administrative  bureaucracy,  the  deficient  administrative  and 
financial autonomy, and the slow advance in capacity building, etc. 

1.3.2 The Effects of the Problems

The above-mentioned identified problems have harmful  hygienic effects  on public 
health. Effectively, many contaminations due to the poor drinking water quality have 
been detected in various regions of the country and at different periods of time.

A  study  prepared  in  2003  by  the  World  Bank17 to  estimate  the  cost  of  the 
environmental degradation in Lebanon, shows that the effects of water pollution on 
the public health and the quality of life are estimated at US$ 175 million per year 
(1.07 % of GDP).

In fact, the identified pollution problems could increase the public health expenses 
and could lead to negative socio-economic impacts on the long term. Problems, can 
force  the  population  to  move  from  high-risk  regions  to  lower  risk  regions.  For 
instance, at the beginning of its construction, Aramoun attracted a large population to 
move in; this was reversed doe to the inadequate water and wastewater services. 

1.4 Diagnosis of the Technical Conditions

17 METAP and the World Bank (2003). Cost of Environmental Degradation in Lebanon, June 2003.
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The diagnosis analysis of the technical conditions of drinking water systems of the 
four water and drainage public establishments is presented in the following Table 2, 
as reported by the following references: 

1. The diagnostic survey of the Water Authorities of the South (CDR, 2003b); 

2. Water Tariff Analysis for the Tripoli Water Authority by ONDEO-Liban18;

3. The  diagnostic  analysis  of  the  Water  Authorities  of  the  North,  with  the 
exception of Tripoli19 ;

4. The Business Plan prepared by ICEA for the Bekaa Water Authority20;

5. The study prepared by Société Générale21 for Lebanese Government, for data 
concerning Beirut and Mount Lebanon Water Authorities. 

Over the entire territory, the drinking water systems are composed of the following 
elements: groundwater intakes and surface water resources, 27 treatment plants, 161 
pumping stations and a network of 13,200 km of pipelines.

The  drinking  water  networks  are  sized  to  meet  the  daily  average  demand  of 
consumers and not the peak hourly demand. Because of the rationing, when water is 
supplied, the pressure in the network would be insufficient to supply the upper floors 
of a building. The consumers have developed their own systems within the private 
domain. They installed tanks at the ground level from which water is pumped to the 
roof tanks. The hygienic conditions of these reservoirs are not controlled. In some 
cases, microorganisms propagate in these tanks and represent a threat on the public 
health.

Drinking water is not only provided from the public networks, but also from other 
supplementary  sources  such as  private  wells  in  the  buildings,  tankers  and bottled 
water. According to a recent data by the Central Administration for Statistics in 2004, 
the proportions of drinking water sources are identified in the following Table 4.

Table 4: Percentage Population Supplied by the Various Water Sources (CAS, 
2004).

Source of drinking water % of population

Public systems 56.1

Private systems 1.9

18 ONDEO-Liban (2005a). Etude tarifaire à Tripli.
19 ONDEO-Liban (2005b). Complément et mis à jour du Diagnostic des Services des Eaux du Nord. 
20 CDR (2005b). Consultancy Services for the Service Contract of the Bekaa Water Authority: Business 
Plan. Final version. June 2005. 
21 Société Générale (2002). Privatization of the water and wastewater sectors : technical and economic 
consultancy. 
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Private wells 8.3

Bottled water 31.5

Transported water by tankers 6.9

The quality of water from wells and those transported by tankers is neither guaranteed 
nor controlled by the concerned authorities. Moreover, the majority of the companies 
distributing bottled water are neither licensed nor monitored. The Ministry of Public 
Health is invited to adopt a regulation for these companies through their inventory, 
licensing the rightful companies, and periodical controls. 

1.4.1 Major Characteristics of the Sector

- Most of the networks constructed in 1960 are sized on the basis of a theoretical 
water demand estimated at 100 l/day/person, including losses22. Is this estimate 
always valid?

- In  the  majority  of  the  water  networks  in  all  authorities,  water  pressure  is  not 
enough to supply the upper floors of a building (only up to the 2nd-3rd floors are 
supplied by gravity).The networks that date back to the 60’s and 70’s are made of 
grey cast iron pipes, asbestos-cement and galvanized pipes. The joints of the grey 
cast iron pipes are not tight and contribute to high leakage, the A/C pipes are no 
more manufacturers and when defected, other materials would have to be used 
and adapted and the galvanized are easily rusted in aggressive media. The newly 
constructed systems are made of ductile iron, PVC and polyethylene pipes.

- The summer daily demand of water exceeds the supply in many authorities. If 
adequate measures are taken on the short, medium and long term this discrepancy 
between the supply and the demand risks to grow due to the growing urbanization 
rate, the amount of water lost in the system and the pollution of water resources.

- A few authorities  can  supply  the  consumers  with  water  24  hours  a  day.  The 
disparity of supply between seasons is noticeable.

- There are no reliable long period data about the quality of water resources, or the 
correlation between the precipitation records and the flow regimes. The existing 
series of data are selective and do not cover long periods of time.

1.4.2 Governmental Activities

In  the  aftermath  of  the  Lebanese  war  and  during  the  reconstruction  period,  the 
Government of Lebanon (GoL) has taken numerous measures to improve the water 
sector and reach the target of a continuous supply with a satisfactory water quality. In 
1992, a National Emergency Rehabilitation Plan (NERP) was prepared and executed 
for  the  rehabilitation  of  the  existing  assets  and  increasing  the  efficiency  of  the 

22 MoEW (1999). Ten-years plan of the Ministry of Energy and Water.
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infrastructure.  Moreover,  the  GoL  has  approved  a  ten-year  plan  prepared  by  the 
Ministry  of  Energy  and  Water,  consisting  of  developing  potential  surface  water 
resources through the construction of 17 dams and 14 hill lakes, in BOT. 

1.4.2.1 Executed Projects

The CDR activities are currently concentrated on rehabilitation works and extension 
of the drinking water networks, as well as the construction of dams and hill lakes 
(CDR, 2004a).

The list of projects under preparation, ongoing and executed is summarized in the 
following figures  3  and 4.  It  includes the water  resources development,  treatment 
plants, transmission and distribution networks, as well as equipments (pumps, etc.).

On other hand, dams and hill lakes projects have been proposed, in accordance with 
the Ministry of Energy and Water plan. Their main characteristics are summarized in 
the following Tables 5 and 6. These projects cover the entire Lebanese territory.

Figure 3: Executed and Ongoing Projects (CDR, 2004a)

L0538-RPT-ENV 01-REV B Page 15 of 38



Development Program 2006 – 2009 Water Supply Sector

Figure 4: Projects Under Preparation (CDR, 2004a)
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Table 5: List  of Proposed Dams (Ministry of Energy and Water, Plan 2000-
2009; Société Générale, 2002)

No. Name Capacity Cost of Construction
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(MCM) (M$)
1 Assi 25 28.3
2 Azzounieh 8 82.0
3 Bared 40 46.7
4 Bisri 120 206.0
5 Boqaata 6.5 35.3
6 Chabrouh 11 60.7
7 Damour 40 56.0
8 Dar Beachtar 55 68.0
9 Iaal 10 21.3
10 Jenne 30 56.7
11 Kfarsir 8 15.3
12 Khardale 120 136.7
13 Massa 8 11.0
14 Meyrouba 20 35.3
15 Noura El Tahata 60 27.7
16 Qarqaf 20 21.5
17 Younine 25 28.0

Total 606.5 936.5

Table 6: List of Proposed Lakes (Ministry of Energy and Water, Plan 2000-
2009; Société Générale, 2002)

No. Name Capacity
(MCM)

Cost of Construction
(M$)

1 Aydamoun 0.30 3.0
2 Qamouaa 1.00 8.0
3 Kouachra 0.35 ND
4 Brissah 1.00 8.8
5 Zaarour/Habbash 0.55 10.5
6 Qaissamine 0.55 9.3
7 Yammoune 4.50 12.0
8 Lebaa 0.80 10.7
9 Azzibe 0.60 10.5
10 Kfarsouna 1.10 5.8
11 Kfifane 1.50 12.8
12 Tannourine 1.00 12.8
13 Aqoura/Majdal 2.00 14.3
14 Afqa 2.50 14.3

Total 17.80 134.8
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1.5 Stakeholders

The actors involved in this sector could be grouped under the following categories:  

1.5.1 Governmental Agencies

This category includes the Ministry of Energy and Water, the CDR, the four public 
Water and Drainage Establishments established in 2002 (North, South, Beirut/Mount-
Lebanon and Bekaa), the Ministry of Environment, the Ministry of Public Health, the 
Litani Water Authority and the Council of the South. The responsibilities and tasks of 
these actors are discussed thereafter in the report (see Section 1.3.1.3).

1.5.2 Private Sector and Academic Institutes 

This  category  includes  the  private  companies  and  firms  that  prepare  designs, 
undertake the construction, or operate and maintain the water utilities. It also includes 
public  and  private  universities  (Lebanese  University,  American  University,  Saint 
Joseph University, Notre Dame University, etc.), as well as national research centers 
(National  Center  for  Scientific  Researches).  These  establishments  and  companies 
carry out researches and other activities related to the water sector.

1.5.3 Funding Agencies and NGOs

This category includes all current and potential funding agencies, namely the World 
Bank, the Arab Fund for Development, the Kuwait Fund, the Saudi Arabia fund, the 
UNDP23, the  European  Community,  UNICEF,  the  USAID24,  French  Agency  for 
Development (FAD) and several others. 

1.5.4 End Users

The end users are those who benefit from the final service. Due to shortage in supply 
and the deficiency of the service provided by the concerned authorities, the consumers 
(domestic, industrial and agricultural), either privately or as communities, resorted to 
investing for the development of their own water resources. They have established 
Local committees to operate and maintain the drinking and irrigation water networks 
that  they  funded  either  privately  or  through  NGOs and international  donors.  The 
Ministry willingly recognized these committees. Their number exceeds 200.

1.6 Sector Objectives

The  development  of  a  vision  for  the  water  sector  requires  the  identification  and 
definition of the objectives of the sector that the concerned administration is aiming 
at,  emphasizing  the  discrepancy  between  these  objectives  and  the  reality  on  the 
ground. These objectives are represented in the following section.

23 United Nations Development Program. 

24 U.S. Agency for International Development. 
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1.6.1 Improve the water quantity

This  objective  consists  of  producing  and  supplying  drinking  water  24  h/24  at 
sufficient quantities. Table 2 shows the number of hours of supply per day. Presently, 
only Saida and Tripoli are providing 24 hours supply.

1.6.2 Protect the Public Health

One of the main objectives of the drinking water sector is to supply the consumers 
with safe quality water. This will improve the public health conditions, reduce the 
risks of water borne diseases and reduce the national health expenditure.

1.6.3 Assure the Financial and Technical Efficiency

This objective consists of producing and supplying drinking water with the minimum 
cost  acceptable  by  the  consumers,  maintaining  the  equipments  and  facilities  in 
adequate operating conditions and securing a continuous supply.

Although rehabilitation and development started some 10 years ago, Lebanon has so 
far been unable to meet those objectives. Water fees are increasing almost yearly, yet 
the population is still complaining about the service supplied. Important efforts are 
still required to meet the objectives. 

1.6.4 Aِssure Fairness

This objective consists of supplying an equitable good quality service all subscribers. 
Several indicators are used to check the fulfillment of this objective, e.g. the disparity 
between a region and another.  In fact,  the service coverage rate in Zogharta is in 
average less than 30 %, while the Municipal Beirut is covered at a rate of more than 
95 %. 
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2 INSTITUTIONAL AND TECHNICAL APPROACH

2.1 Redefinition of Terms Project and Contract

“Project”, as defined by the EU, is a set of activities that provide, in a sustainable 
way,  a  defined  target  of  beneficiaries  with  defined  benefits.  It  hence includes  all 
activities from conception to the provision of the service to the beneficiaries. For the 
water sector, it  would start  from the necessary tangible and intangible studies and 
activities  required  to  identify  a  water  resource,  pass  through  all  studies,  designs, 
procurements, constructions,  operation and maintenance and management,  and end 
with the satisfaction of the beneficiaries. 

“Contract”  refers  to  one  or  a  group of  activities  that  constitute  part  of  a  project 
provided by a particular party, such as studies, construction or O&M, fee collection, 
etc.  

2.2 Institutional and Technical Approach

2.2.1 Government Objectives

The right to water is an integral part of the internationally known human rights. It 
consists of recognizing that every human being, regardless of his economic level, has 
the right to access water for his basic needs. 

The main objective of the Government would be to satisfy the needs of the population 
with sufficient quantities of drinking water, on a continuous basis and respectful of 
the  adopted quality  standards  (MoEW, 1999).  This  objective  is  quite  general  and 
needs further precisions. Should the provision be in the form of house connection? Is 
it the minimum drinking water, the average daily water demand or the daily peak hour 
demand that should be provided? Have the Public Authorities the obligation to supply 
an isolated house situated remotely outside the cluster of residential areas, away from 
the drinking water systems?

2.2.2 How is the Sector Managed?

The responsibilities of the stakeholders in the water sector have been identified in a 
previous  section  (cf.  1.3.1.3).  In  this  section,  the  Public-Private  Partnership  is 
addressed. 

2.2.2.1 Public-Private Partnership

At the international level, the concept of Public-Private Partnership (PPP) in the water 
sector is relatively more recent than in other sectors. Most of the PPPs in the water 
sector have been established some six years ago (World Bank, 2004).

A study was carried out by the Lebanese Government about the privatization of the 
water  sector  in  Lebanon  and  on  the  possibility  of  establishing  a  Public-Private 
Partnership (PPP). In this regard, the Government has taken numerous measures. In 
2002, it  commissioned the Société  Générale de Banque au Liban (S.A.L)  and the 
Société Générale (S.A.) for the preparation of the feasibility of the privatisation, at the 
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technical, financial and administrative levels. This study has proposed a framework of 
regulation and control  for the private operators that  could take over the operation 
activities of the water sector. In addition, the World Bank and the French Agency for 
Development (FAD) funded a PPP in Bekaa and Tripoli.

The  Government  entrusted  ONDEO-Lebanon  (a  branch  of  the  Suez  Environment 
Group) in February 2003 with the management of water service of the Tripoli Water 
Authority, for a period of four years. This contract represents the first participation of 
the private sector in the operation of the drinking water service in Lebanon since the 
beginning of the century25. From a technical point of view, the main achievements of 
this contract pertain to the renovation of the service connections and installation of 
water meters, the establishment of a geographic information system and a computer 
assisted maintenance management (CAMM) tool, regulating the quality of water and 
operating  a  related  service.  From  the  point  of  view  of  the  relationship  with  the 
consumers, ONDEO has developed a client service center responsible for collecting 
bills,  and communicating with and following up on the complaints  of subscribers 
using monthly monitoring indicators.

The  management  contract  had  positive  impacts  on  the  quality  of  the  service.  It 
allowed the detection of leakages along 150 km of the network26, and their repair. The 
water leakage was reduced to 15,000 m3/day. It also achieved a 24-hour continuous 
supply. The distributed volumeof water is 87,000 m3/day and the annual cost for the 
operation  and  maintenance  per  m3  distributed  is  146,000  LL.  Furthermore,  the 
existing resources that once were believed to be insufficient have turned out to be 
enough to meet the projected demands for the next decade. 

Several  other  operation  contracts  also  exist.  For  instance,  the  operation  and 
maintenance of Wadi Jilo and Fakhreddine pump stations within the jursdication area 
of the Water and Wastewater Establishment of the South are entrusted to the private 
sector. Similar contracts are also being prepared and followed up by CDR and the 
MoEW, such as the BOT for the “Awwali-Beirut” project, aiming to supply Beirut 
with  water  from  the  Litani,  and  the  “BOT”27 for  the  construction  of  dams.  For 
financial,  legal,  administrative  and political  reasons,  these  projects  have  not  been 
implemented.

2.2.3 Modes for Funding of the Sector

Funding the water sector contracts in Lebanon is achieved from the following three 
sources:

- Governmental investments from the budget of the MoEW.
- Foreign  funds,  mainly  through  grants  and  loans  from  international  funding 

agencies. These funds are managed by the CDR.
- Billing.

25 At the beginning of the 20th century, and prior to the creation of the water authorities, numerous 
concessions for the operation and maintenance of the water services were entrusted to the private sector 
in many regions of the country (Beirut, Tripoli, Aïn ed-Delbeh, etc.).
26 he total length is estimated at 300 km. 

27 Build-Operate-Transfer contract.
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2.2.3.1 Billing of Domestic and Industrial Water 

Billing  of  potable  water  in  Lebanon  is  mostly  an  annual  lump  sum.  With  the 
exception  of  the  Water  Authority  of  Saida  which  has  installed  water  meters  to 
measure consumption, as well  as that of Tripoli which has started to install  water 
meters, other Public Authorities estimate consumption on the basis of installed service 
connection  gauges.  The  gauge  is  equipped  with  an  orifice  regulated  to  supply  a 
contractual volume per day over a 24 hour continuous supply. The orifice is subject to 
erosion and has to be readjusted / replaced regularly. The contractual daily volumes 
used to be 0.25, 0.5, 0.75, 1, and multiples of 1 cubic meter per day. The Beirut Water 
Authority abolished all contracts of less than 1 cubic meter. This system implies the 
absence of precision in the estimation of the quantities which are actually distributed 
or  consummated,  given  the  fact  that  water  is  not  continuously  supplied  and  the 
orifices have been tampered or are not being replaced or regulated regularly.

The  domestic  water  tariffs  of  2001  applied  by  the  various  Water  Authorities  are 
presented in the following Table 7.

Table 7: Domestic Water Tariffs (Société Générale ; 2002; CDR, 2003b ; CDR, 
2005b ; ONDEO-Liban, 2005a, b)

Public Establishment Water Authority Tariff
(1000LL/year/cubic meter/day)

Beirut and Mount Lebanon Beirut 226
Barouk 150

Ein El Delbeh 150
Jbeil 170
Metn 220

Kesrwan 125
South Jabal Amel 230

Nabeh El Tasseh 230
Saida 230
Sour 230

North Akkar 155
Batroun 166
Bcharreh 78
Doniyyeh 78

Minieh 78
Kobeyat 166
Koura 201
Tripoli 180

Zogharta 166
Bekaa Baalbeck 229

Chamseen 230
Zahleh 231

These tariffs vary from one Public Authority to another and the consumers do not 
have the same price for the service. This means that from the point of view of billing, 
the objective of equity in the drinking water service considered as public sector may 
not reached. 
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In certain offices, the adopted tariffs cover partially the operation and maintenance 
costs. They do not include the investments costs. Certain authorities have imposed a 
subscription fee in function of the surface area of the subscriber’s house. A 2 cubic 
meters per day contract  is imposed for apartments larger than 200 m2 and a 3 m3 

contract for apartments larger than 300 m2. If a daily demand of 250 l/c/d, is assumed, 
which is rare in Lebanon, the 2 m3 per day is equivalent to the needs of a household 
size of 8 persons. In Lebanon, the average household size is reported by the National 
Center for Statistics to be 4.5. Furthermore, water is always rationed and supplied 6 
hours every other day in winter and once every 3 days in summer. Additionally, this 
subscription  is  not  applied  to  the  old  connected  apartments  whose  area  exceeds 
200 m2.

Hence, the new applied domestic water tariff is unfair and does not encourage either 
economy of water or sustainability.

2.2.3.2 Billing of Irrigation Water 

Irrigation  water  tariffs  are  applied  in  some  irrigation  systems  operated  by  water 
authorities and the LRA, among which are South Bekaa, Nahr Ibrahim, Qasmieh, and 
Lebaa.  Local  committees  are  established  to  operate  small  irrigation  schemes. 
However, fees are rarely set or collected. 

Irrigation tariffs are based on the area irrigated and not the volume water consumed. 
This is abused by farmers reporting smaller than they actually irrigate. This leads to 
distortion of the national statistical data of crop production and irrigation water use. 

Furthermore,  in addition to the public networks, five types  of water resources are 
being used for irrigation by the farmers with no control, monitoring, or regulation by 
the public administration:

i. Springs where people have water rights;

ii. Diverting or pumping from natural streams;

iii. Boreholes, mostly along the cost and in the Bekaa;

iv. Sewage effluent;

v. Surface water collected in hilly reservoirs.

All above five types are not billed. They are also not controlled for the volume of 
water used.

2.3 Institutional Modalities 

The main institutional modalities developed in the context of the vision of the sector 
are described hereafter:

2.3.1 Institutional Option 1 (IO1)
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It consists of attributing the management of the sector to the Water and Wastewater 
Public Establishments, which is the current condition. This includes O&M, diagnostic 
survey,  establishing  development  concepts,  replacement  and  rehabilitation  of 
infrastructure and equipments, the relationship with users, management of bills, etc..  

2.3.2 Institutional Option 2 (IO2)

This  option  consists  of  allotting  the  investment  and  the  construction  of  the  new 
hydraulic works to the water establishments and of limiting the intervention of the 
MoEW in  this  matter  to  monitoring,  except  for  the  works  whose  utilities  extend 
beyond the territory of one establishment. This choice is in conformity with law 221. 
Nevertheless, it may be incoherent with the requirements of the decennial plan of the 
MoEW, which allocates to the MoEW the financing, and the construction of dams and 
lakes. 

The implementation of this  option urges the water establishments  to prepare their 
master plan and to study their future needs for water resources development. This 
implies that all hydraulic structures proposed by the 10-year plan as well as others be 
examined for their feasibility and need. 

This option consists also of consolidating the Public Private Partnership through:

i- Entrusting the operation and management of the water utilities to private 
companies;

ii- For the water resources management, encouraging the cooperation among 
the water establishments and universities. The Establishment will provide 
the research environment and will benefit from researches undertaken by 
the universities to develop the data base required for the sector. 

According to Ringskov (1998) (cited in World Bank, 2004), there can be several types 
of  Public  Private  Partnership:  service  contract,  management  contract,  concession, 
BOT, sale of service, etc. Their characteristics are presented in the following Table 8.

Table 8: PPP Contract Types and their Characteristics (World Bank, 2004)

Type of Contract Possession Funding Operation
Service contract Public Public Public,  then  some 

activities are privatized
Management 
contract

Public Public Private

Concession Public Private Private
BOT Private then public Private Private
Sale of service Private Private Private

The sale of service is a type of privatization which is rarely used. It exists for instance 
in Great Britain where the infrastructure is sold to the private sector.

The adoption of such an option requires a political consensus and decision, which are 
difficult to achieve. This decision is strongly linked to the ideological tendencies of 
the  decision-maker  (whether  liberal  or  not)  and  other  factors  such  as  financial, 
technical and administrative. In addition, it requires updating the existing law. 
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2.4 Best Technical Options

The considered technical options are presented hereafter. They proposed options are 
linked to the management of water supply and/or the management of water demand.

2.4.1 Technical Option (TO1)

It consists of using surface water resources as a main source for water through the 
construction  of  lakes  and dams.  This  option is  based  on the  ten-year  plan  of  the 
Ministry of Energy and Water (MoEW).

This option calls for increasing the benefit from the available surface water runoff. Its 
drawback is the limited rainfall season, the high evaporation rates over a long period 
of time, the relatively unfavorable geological and topographic conditions and the high 
investment costs.

This option requires the construction of dams, intake structures, transmission lines 
linking the dams to the treatment plants and corresponding distribution networks. It 
could require the construction of pump stations. 

The  implementation  of  the  MoEW proposed  scheme requires  the  construction  of 
major civil works whose cost is relatively high. Based on Table 4, the cost of dam 
construction alone is estimated to be approximately 1 billion US $.

Law 221 stipulates that the management of any utility serving several objectives or 
Public Establishments is the responsibility of the MoEW. This applies to dams and 
lakes. This choice imposes upon the MoEW to have a technical team responsible for 
the operation and maintenance in addition to its role of planning and monitoring.

As for the management of the water demand, this option consists of maintaining the 
“status quo” in terms of sizing the drinking water networks, which would mean sizing 
the networks on the basis of the average daily demand rather than on the basis of the 
peak hourly demand. 

2.4.2 Technical Option (TO2)

This option consists of using groundwater resources as the main source of water. It 
also  includes  recharging  the  ground  water  table.  As  TO1,  this  option  calls  for 
increasing the benefit from surface water runoff through their injection into ground 
aquifers.

This option has more advantages compared to the first one:

- It reduces the rate of water evaporation from the reservoirs of the dams and lakes.

- The costs of the works are relatively inferior.

- The costs of water treatment are inferior.

- The transmission pipelines are shorter and less expensive.
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This  option has  a  relatively  higher  cost  of  power  and testing of  water  quality.  It 
requires a strategic planning for the ground water resources development. It  needs 
also the establishing of an inventory of the aquifers, determining their hydrographic 
and geographic  extent  and their  hydro-geologic  and hydraulic  characteristics.  The 
available data aren’t accurate and complete and should be further developed (Berri, 
2005)28 . This option has to take into account the high operating cost of pumping from 
deep aquifers and delivery to high altitudes. 

As for the management of water demand, this option is similar to TO1 and consists of 
maintaining the  “status  quo” in terms of  sizing the  drinking water  networks.  The 
networks are sized based on the average daily demand rather than on the peak hourly 
demand.

2.4.3 Technical Option (TO3)

This option consists of constructing desalination plants along the Lebanese coastline.

The desalination plants consist of the following units: a seawater intake structure with 
a pump and a coarse screen filter, a pre-treatment unit with a thin filter, the addition of 
biocide compounds and anti-tart products, the desalination process itself, and the post 
treatment with an eventual  re-mineralization of the produced water. At the end of 
these four stages, the seawater becomes drinkable or usable for industrial purposes.

This  technique  is  not  yet  used  in  Lebanon  but  is  already in  use  in  several  other 
countries, such as Saudi Arabia, UAE, Algeria, etc.. The production cost estimates for 
a cubic meter of desalinated water is 0.8 US$ in Algeria29, 0.75 US$ in Abu Dhabi30, 
and 0.85 US$ in Cyprus. This cost varies from 0.56 to 3.25 US$ in California31.  

For the same reasons applied for the construction and operation of the dams and lakes, 
it is assumed that the MoEW would take in charge the operation and maintenance of 
these stations.

In terms of the management of the demand, this option consists of sizing the networks 
on the basis of the hourly peak demand. This technical choice has the advantage of 
delivering drinking water to the upper floors of buildings and reducing the health 
costs  that  result  from unsatisfactory  sanitary  conditions  in  the  private  reservoirs. 
Nevertheless,  it  requires  accurate  data  about  the  fluctuation  of  the  water  demand 
during the day.

Despite being an attractive option sizing the network for the hourly peak demand is 
difficult  to  apply  in  a  period  ranging  between  10  and  15  years.  Although  most 
networks are more than 35 years old and should be replaced, such an activity might 
require an implementation period exceeding 15 years. Therefore, it is more pertinent 
to consider this technical choice for a longer-term vision.

2.4.4 Technical Option (TO4)
28 Berri Naji (2005). Analyse des flux de données pour la gestion des eaux urbaines en France et au 
Liban. Thèse de Doctorat. Spécialité “Gestion- Sciences de l’eau”. Ecole Nationale de Génie Rurale, 
des Eaux et des Forêts & Ecole Nationale des Ponts et Chaussées. Paris, 330 p. + annexes. 
29 According to the figures of the Société “Algérienne des Eaux”.
30 According to the estimations of the Laval University in Canada.
31 According to the estimations of the “California Coastal Commission”.
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This  option  consists  of  using  both  surface  water  and  groundwater  resources,  and 
reusing wastewater. At the watershed scale, it offers a solution which might optimize 
the use of water resources and which can be incorporated within the framework of an 
integrated and sustainable management of water resources.

From a  technical  point  of  view,  the  adoption of  such an  option requires  detailed 
hydrological studies of the river flows and groundwater resources.

From a financial point of view, reusing wastewater generates important revenues that 
should be taken into account. In fact, the distribution of expenses between investment 
on one hand and operation and maintenance on the other, varies from one project to 
another and depends on the treatment process used. According to Lazarova (1999)32, 
in  the  United  States,  the  total  treatment  costs,  from residual  raw water  until  the 
production of a recyclable water for irrigation purposes, varies from 0.43 to 1.10 $ 
U.S. per cubic meter. The portion of operation and maintenance costs, compared to 
the depreciation of the capital investment from the total cost, depends on the used 
treatment  technology.  It  is  more  expensive  for  more  advanced  technological 
procedures  than  for  secondary  treatment  with  or  without  a  tertiary  filtration  and 
disinfection. Therefore, the additional cost to reuse wastewater for irrigation purposes, 
for instance, represents a small part  – approximately 30 % - of the total classical 
treatment cost with discharging wastewater into the nature (Ecosse, 2001)33.

Investments in wastewater treatment reduces the costs required for the protection of 
the environment as well as the health bill estimated by the World Bank to be 175 
million US$/y.

From a political point of view, the adoption of this option requires a readjustment of 
policies for the use of water resources by all concerned sectors. Based on the National 
Land Use Master Plan – SDATL (CDR, 2004b)34, the corresponding rates of use for 
each sector are as follows: 25 % for the domestic sector, 70 % for agriculture (mainly 
for irrigation purposes), and 5 % for the industry. If 90 % of used drinking water is 
discharged into the sewerage networks and some 40 % of these are lost, only 54%35 of 
the  water  could  be  reused  for  irrigation  purposes.  If  the  ratio  of  domestic  use  is 
increased  by  10  % against  a  reduction  of  the  volume  of  water  allocated  for  the 
irrigation sector,  both the reuse of wastewater  and the readjustment of water uses 
policies would allow the following percentage allocation to each sector:  35 % for 
domestic use, 78.9 % for irrigation36 (including re-used water) and 5 % for industry. 
Whereas, the control of these ratios is difficult due to the lack of data. 

As for the management of the water demand for a 10 to 15 years horizon, this option 
would consist  in maintaining the “status quo” for the apartments’ reservoirs  while 
starting to envisage networks according to the daily peak demand. By adopting this 
choice, an important part of the networks will be modified from now to 15 years.
32 Lazarova V. (CIRSEE - Lyonnaise des Eaux) (1999) "Role of the wastewater reuse for the resources 
managemant: Costs, benefits and technological challenges." L'eau, l'industrie, les nuisances, n°227, 
pp.47-57, August 1999.
33 Ecosse D. (2001). Alternative techniques in order to cover the water shortage in the world 
(Techniques alternatives en vue de subvenir à la pénurie d'eau dans le monde). Mémoire D.E.S.S. 
«Qualité et Gestion de l'Eau», Faculty of Sciences, Amiens, 62 p.
34 CDR (2004b). Schéma Directeur de l’Aménagement du Territoire Libanais (SDATL).
35 54 %= 90%*60%. 60 %= the percentage of domestic water not lost in the network.
36 78.9 %= 60% (ration for irrigation) + 35%*60%*90% (ration resulted from water reuse).
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2.4.5 A Technical Choice Excluded from Discussion

There are some technical choices which have been excluded from the present review, 
as is the case, for example, for the reduction of leakage through the rehabilitation of 
networks. This choice is not an option but a necessary action to be implemented and 
programmed  by  the  Public  Establishments  of  Water  and  Wastewater  or  by  the 
Operator. This is considered an urgent task because the majority of the networks is 
old and the rate of losses exceeds 20 % in all cases. Losses could only be reduced 
through the rehabilitation of existing networks or the construction of new ones. Its 
importance lies in the fact that it reduces the budget deficit since, under the current 
circumstances, any investment to increase the production of water will be lost in an 
equal proportion to the losses in the networks. In this context, the National Physical 
Master Plan (SDATL) considers this modernization to be a priority (CDR, 2004b). 
This does not contradict the Ministry of Energy and Water plan, but rather improves 
its productivity. 

The concept that rehabilitation works add to the deterioration of the road network is 
not quite true, since losses from the network lead to piping and deterioration of the 
sub-base, base and asphalt conditions.

Leakage  from the  distribution  networks  deteriorates  the  roads  and  increases  their 
annual maintenance costs. Moreover, ONDEO’s experience in Tripoli shows that the 
rehabilitation  of  50  % of  the  distribution  network  generated  the  possibility  for  a 
continuous distribution and a surplus of available resources. Even if this conclusion is 
specific to a determined context, it is significant for others. 
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3 ECONOMIC AND SECTORAL APPROACH

3.1 Economic Options

The  physical  components  of  the  drinking  water  systems  are  composed  of  the 
following: raw water intake structures for ground and surface water, raw treatment 
facilities,  transmission  pipelines  and  distribution  networks.  Their  construction 
requires long term investment costs. These investments are relatively high compared 
to the variable cost which essentially consists of operation and maintenance costs. For 
instance, in Great Britain, the fixed cost represents more than 80 % of the total costs 
of the sector (World Bank, 2004). This means that within a financially autonomous 
drinking water authority,  the fees collected are mostly attributed to the fixed costs. 
Moreover, this implies that the operator of the facilities could be capable of running 
the system for several years, on condition that recovering the fixed cost is not of its 
responsibility.

The  Public  Establishments  should  establish  a  tariff  structure,  which  would  allow 
balancing between the collection fees and the expenses, and which would take into 
consideration the depreciation cost of the infrastructure.

A water price study has been carried out by ONDEO for Tripoli. It  has examined 
three scenarios:

- The Small  Balance  Scenario  that  corresponds to  the  price  per  m3,  taking  into 
account  the  current  costs  of  operation  and  maintenance  (manpower,  energy, 
maintenance, reagents).

- The  Medium  Balance  Scenario  that  corresponds  to  the  small  balance  plus 
depreciations.

- The Large Balance Scenario that corresponds to the medium balance,  plus the 
interests  that  could  be  incurred,  in  case  the  Establishment  acquired  a  loan  to 
proceed to the investments.

The results of this study show that, for 15 % of unpaid invoices, the subscription fees 
per m3 that correspond to these three scenarios are respectively: 171,901 LL, 257,568 
LL and 327,720 LL. As for the average fee per m3 of water invoiced in 2003, on the 
basis  of  the  present  pricing,  it  is  estimated  at  180,000  LL.  This  shows  that  the 
operation and maintenance could be covered by the current water fees, and that the 
fees would have to be considerably increased to account for the investment costs.

The following two options are proposed for the pricing policies. 

3.1.1 Economic Option 1 (EO1)

The present annual lump sum domestic water fee structure is maintained. In this case, 
the gauges can be used as a daily consuming limitation tool for the consumers, with 
the limits mentioned in the subscription contract (1m3 per day). 

Likewise, the irrigation water fee per cultivated area is also maintained. 
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This option does not encourage reduction in water losses and water conservation.

3.1.2 Economic Option 2 (EO2)

EO2 consists of a domestic water billing system based on real water consumption by 
consumers. It requires installation of watermeters at the house connections. 

In this option, it is assumed also that the water establishments will be able to control 
the  use  of  private  wells  and  impose  a  minimum  water  fee  to  at  least  cover  the 
expenses of monitoring the volume of ground water use. 

Furthermore, this option also assumes that irrigation water fees will be imposed on the 
actual volume of water used from public networks. It is also assumed that the water 
establishment will also be able to control the water use for irrigation from private 
wells or hilly reservoirs and impose a minimum water fee to cover the expenses of 
monitoring water resources development and use. New technologies, such as satellite 
imageries,  would  be  necessary  to  identify  the  irrigated  areas  and  locate  hilly 
reservoirs. 

This option induces the consumers for water saving and decrease in the consumption, 
to reduce their water fees. This concept complies with the water demand management. 

According to the World Bank (World Bank, 2004), the advantage of the installation of 
water  meters  in  terms  of  water  economy  is  largely  higher  than  the  cost  of  their 
installation and maintenance. Moreover, this has political advantages as well, because 
it allows transparency in publicizing the information related to water consumption and 
its relation to fees. On the other hands, it may reduce on the short term the revenues of 
the Water Authorities since only the actual water consumptions will be billed. This 
could be readjusted through a reassessment of the water fees. 

3.1.2.1 Proposed Tariff Structures

The water tariff structures are the subject of an international debate. Several criteria 
influence the determination of this structure, among which are: the interests of the 
consumers, the interests of the operators, the encouragement to water economy and 
the sustainability of water resources: 

Some of the most common tariff structures are:

- The uniform tariff: the invoice paid is the result of the consumed volume by a 
unitary price rate.

- The progressive scale tariff:  the water price increases according to the volume 
consumed.

- The decreasing scale tariff:  the water  price decreases according to the volume 
consumed.

- The binary (dual) tariff: the price comprises a fixed charge (cost of water meter 
maintenance, etc.) and a charge that depends on the volume of water consumed 
(by progressive or decreasing scale).
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One of the advantages of the uniform tariff is its simplicity. Moreover, it can offer to 
the  consumer/subscribers  a  clear  idea  concerning  the  marginal  cost  of  the  water 
consumption (World Bank, 2004)37.

3.2 Externalities

The  water  sector  presents  numerous  externalities  related  to  the  economy.  For 
example, the construction of a dam has an important social cost because it entails the 
resettlement of the affected population. 

Moreover, this sector has other externalities related to the environment and the public 
health. These externalities have a large reach and a long term effect. For example, the 
overexploitation of groundwater and surface water resources has a negative effect on 
the quality of the water table and induces an environmental damage on the public 
health, the cost-evaluation of which is difficult, but most likely important. However, 
the use of water resources should be accompanied by adequate mitigation measures to 
minimize these externalities.  

3.3 Impacts of the Economic Demand

The drinking water sector has the following effects on the economic demand: it offers 
job opportunities for workers and experts for construction, operation and maintenance 
of the facilities. The impact of these opportunities on the economy is immediate. It is 
relatively higher  when a  dam is  constructed than in  the case  of  a  drinking water 
network,  because  the  number  of  workers  hired  and  the  duration  of  their  work-
contracts are much higher in the first case (several years) than in the second. On the 
other hand, the impact of this sector is relatively minor to macro-economic scale. 

3.4 Impacts of the Economic Offer

The amounts of water produced by the sector represent an input for other sectors. In 
fact, the consumed water is disposed off into wastewater systems. The more water is 
consumed,  the more will  be the need to invest  in  the wastewater  sector.  Besides, 
amounts of water produced are used by certain industries. According to the National 
Physical Master Plan (SDATL), the use of water for the industries is estimated at 5 % 
of the total exploited water resources.

Water shortages  have a significant  impact  on some sectors.  They have a negative 
effect on several industrial activities that use water for turbine cooling. On the other 
hand, they have a positive impact on the bottled water production companies, as they 
would increase their  production and their  benefits.  Nevertheless,  in comparison to 
other sectors of activities (banking sector,  for example),  the effect of the drinking 
water sector is almost nil.

37 World Bank (2004). Reforming infrastructure: Privatization, Regulation, and Competition. A World 
Bank Policy Research Report, 307 p. 
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SPATIAL AND SOCIAL APPROACH

The  spatial  and  social  aspects  are  significant  for  the  potable  water  sector.  The 
technical options considered depend on the geography and the concentration of urban 
areas.

3.5 Regional Potentials and Risks, Offer

The regional risks have an influence on the offers of the potable water sector. For 
example, in areas of high flood risk, the vulnerability of water resources and that of 
the potable water quality in the network increases.

The tourist potentials of a given region increase when water is available, i.e, with the 
construction of potable water systems, essentially with the construction of dams and 
hill lakes.

3.6 Spatial Hierarchy, Agglomerations and Networks

The construction of potable water projects has a double effect on the agglomerations: 
immediate  effects  and  long-term effects.  For  example,  the  construction  of  a  dam 
induces,  on  the  short  term,  the  displacement  of  the  population  to  other 
agglomerations. On the other hand, on the long term, once the dam is constructed, the 
tourist capacities and the biodiversity of the region will improve and will enrich.

3.7 Direct (demand) and Induced Effects on the Development

The satisfaction of a given region in potable water has positive consequences on its 
economic development, because it offers one of the basic services.
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4 SUMMARY OF THE OPTIONS AND THEIR EVALUATION

In order to assess the technical, institutional and financial options, evaluation criteria 
have been identified for each. The options, as well as their assessment criteria are 
summarized in the following Table 9.

This table allows determining for a given criteria, which of the technical, institutional 
and economic options are the most adequate. For example, for the criteria of “Land 
appropriation requirements”,  technical  option TO1 is  the most  inadequate.  On the 
other hand, for the criteria “Water savings incentives”, economic option EO1 is the 
most satisfactory. 
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Table 9. Summary of the Considered Options and their Evaluation Criteria

Evaluation criteria
Technical Institutional Economic

TO1 TO2 TO3 TO4 IO1 IO2 EO1 EO2
Institutional and technical factors

Execution possibility

Necessity of training for the workers

Land appropriation requirements

Equipment import requirements for the operation

Water transfer necessity from one watershed to another

Detailed hydrologic analyses necessity 

Investment cost

Operation and maintenance cost

Water savings incentives

Externalities

Socio-economic impacts

Legend
High positive impact High negative impact

Medium positive impact Medium negative impact

Low positive impact Low negative impact
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5 SELECTION OF BEST PRACTICAL OPTIONS

Based on the  examination of  the technical  options and the corresponding criteria, 
technical option (TO4) seems the most suitable (see Table 2.4.4). From the strategic, 
political  and technical point of view, this option is in good harmony with several 
basics of the integrated management approach of water resources, especially that, at 
the watershed level, it implies the optimization of the use of groundwater and surface 
water resources and the reuse of treated wastewater.

Since TO4 consists of maintaining the “status quo” as far as consumers reservoirs are 
concerned, then numerous actions are to be implemented by the Public Water and 
Wastewater Establishments and/or the Ministry of Public Health in order to improve 
the hygienic performance:

- To elaborate sanitary regulations, leading to the periodic control of the private 
reservoirs and networks.

- To incite to the disinfections of reservoirs by offering Chlorine to the consumers.

From the  institutional  point  of  view,  we  propose  to  allot  the  investment  and the 
construction of the new hydraulic works to the water establishments and to limit the 
intervention of the MoEW on this matter to monitoring, except for the works whose 
utilities extend beyond the territory of one establishment. 

In  parallel,  the  Water  Establishments  should  prepare  master  plans  for  the  water 
resources management within their area of operation to specify the needs in term of 
water  resources  development  and  construction  of  new  head  works.  This  would 
confirm the need for the structures by the ten-year plan. The master plans should also 
confirm the requirement for new structures and pipelines at the level of transmission 
and  distribution  networks,  and  should  prioritize  their  construction  targeting  the 
progressive increase of coverage, and gradual reduction of water leakage. 

These Water Establishments should also focus on building their capabilities through 
recruiting specialized staff and/or hiring the services of expertise to encompass their 
currents  weaknesses.  They  should  moreover  specify  procedures  to  reduce  the 
unaccounted for water, and more precisely, those due to administrative causes. They 
should initiate the installation of water meters, and improve fee collection. 

The Private/Public Partnership (PPP) is recommended, such as the commitment of the 
private sector in some activities of service management. The decision makers of the 
sector are invited to rationalize this partnership. They should not consider it as an 
objective,  but rather  as a mean that  could be adopted to achieve a  higher  service 
performance, at an acceptable cost for the consumers. In this framework, a regulating 
mechanisms  should  be  established,  compromising  between  the  needs  of  the 
consumers, the operators, the Government and the environmental issues (World Bank, 
2004).

Besides,  elaborating  and  clarifying  the  mechanisms  of  coordination  among  the 
various  stakeholders  should  have  priority  and  are  as  important  as  defining  the 
responsibilities among them. It is important to clarify the responsibilities and reduce 
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the overlapping of duties between the Litani River Authority (LRA) and the Water 
and  Wastewater  Establishments  of  the  South  and  the  Bekaa.  Furthermore,  the 
coordination  mechanisms  should  also  concern  the  relationships  among  CDR,  the 
Council of South, all Water and Wastewater Establishments, the Ministry of Energy 
and Water, the LRA, the Civil Aviation, and all other relevant administrations. 

For the database development of the water sector (data related to water resources, 
rainfall, demographic, urban, hydraulic condition of the networks, raw water quality, 
water  quality  in  networks  and  hydraulic  structures,  physical  characteristics  of  the 
networks,  etc.)  it  is  recommended  that  continuous  measurements  campaigns  be 
initiated and cooperation be established with universities and other research institutes. 
Within this context, it is recommended that a partnership be established among the 
public and private sectors that produce and use the water related data, exploit a data 
collection network,  and manage the databank. This partnership would also include 
water resources, water supply and water demand management (Berri, 2005). 

From the economic point of view, the installation of water meters for each subscriber 
could  be  a  strategic  option  to  carry  out  by  the  operators  (private  or  public). 
International experiences have shown that the balance between costs and advantages 
of this option is positive and beneficial.

Furthermore, several other actions could be implemented:

- Introduce  in  the  education  program of  the  universities  the  principles  of  Best 
Practices for the Integrated Water Resources Management and the potentials of 
their application in Lebanon.

- Conduct  information  and  awareness  campaigns  in  the  universities  and  to  the 
public at large, for encouraging water saving practices.
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