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اﻟﻤﻠﺨص

ﺘﻌﺘﻤد ﻟﯿﺒ�ﺎ ﻋﻠﻰ اﻟﻤ�ﺎﻩ اﻟﺠوﻓ�ﺔ اﻟﻤﺤﻠ�ﺔ واﻟﻤ�ﺎﻩ اﻟﺠوﻓ�ﺔ اﻟﻤﻨﻘوﻟﺔ وﻤ�ﺎﻩ اﻟﺘﺤﻠ�ﺔ ﻟﺘزو�د اﻟﻤﻨﺎطق

 ﻤﻌدل اﻟﺘﻐط�ﺔ ﻟﺸ�كﺎت.ً ﻤﻠﯿون ﻤﺘر ﻤكﻌب ﺴﻨو�ﺎ600  ﺤﯿث ﺘوﻓر اﻟﻤﺼﺎدر اﻟﺜﻼﺜﺔ.اﻟﺤﻀر�ﺔ �ﺎﻟﻤ�ﺎﻩ

 ﻤﻤﺎ أدى إﻟﻰ ﺘﻘدﯿر%65 اﻟﻤ�ﺎﻩ ﻓﻲ ﻟﯿﺒ�ﺎ ﻟ�ﺴت ﻤﻌروﻓﺔ �ﺎﻟﺸكﻞ اﻟﺼﺤ�ﺢ وﻟﻛن اﻟﺘﻘدﯿرات ﺘﺸﯿر إﻟﻰ
 ﻟﺘر ﻟﻠﺸﺨص اﻟواﺤد ﻓﻲ اﻟﯿوم )�ﻌﺘﺒر ﻋﺎﻟﻲ ﺠداً �ﺎﻟﻤﻘﺎرﻨﺔ ﻤﻊ اﻟﺒﻠدان420 ﻤﻌدل اﺴﺘﻌﻤﺎل اﻟﻤ�ﺎﻩ �ﺤواﻟﻲ

 اﻟﻤﻬﻤﺔ: وﻟﻛﻲ ﻨﻘﻠﻞ ﻤن ﻤﻌدل اﺴﺘﻌﻤﺎل اﻟﻤ�ﺎﻩ اﻟﻌﺎﻟﻲ �ﻘﺘرح إﻨﺠﺎز اﻟﻤﻬﻤﺘﯿن اﻟﺘﺎﻟﯿﯿﺘﯿن.(اﻟﻤﺠﺎورة
 وﻗد كﺎﻨت ﻤوﻀوع ﻨﺸر ورﻗﺔ ﻋﻠﻤ�ﺔ ﺴﺎ�ﻘﺔ وﺘﺘﻀﻤن ﺘﻘﯿ�م اﻟوﻀﻊ اﻟﻘﺎﺌم ﻓ�ﻤﺎ ﯿﺨص اﻟﻌرض:اﻷوﻟﻰ

 أﻤﺎ ﻤﺎ ﯿﺨص اﻟﻤﻬﻤﺔ اﻟﺜﺎﻨ�ﺔ وﻫﻲ ﻤوﻀوع.واﻟطﻠب واﻟﺒﻨ�ﺔ اﻟﺘﺤﺘ�ﺔ واﻟﺠﺎﻨب اﻟﻤﺎﻟﻲ واﻟﺠﺎﻨب اﻻداري
ﻫذﻩ اﻟدراﺴﺔ ﻓﺘﺘﻀﻤن اﻗﺘراح ﺨطﺔ طو�ﻠﺔ اﻷﻤد ﻟﺘﺨﻔ�ض اﻻﺴﺘﻌﻤﺎل اﻟﯿوﻤﻲ واﻟﺤﻔﺎظ ﻋﻠﻰ اﻟﻤوارد

 وﻀﻌ�ﺔ اﻟطﻠب اﻟﻤﺴﺘﻘﺒﻠﻲ ﻟﻠﻤ�ﺎﻩ ﺘم دراﺴﺘﻬﺎ ﻤن ﺠﺎﻨﺒﯿن ﻫﻤﺎ طﻠب ﻤ�ﺎﻩ ﻏﯿر ﻤﻘﯿد وطﻠب ﻤ�ﺎﻩ.اﻟﻤﺎﺌ�ﺔ

 ﺘم اﻗﺘراح ﺴﯿﻨﺎر�وﻫن إﺜﻨﯿن ﻟﻛﻞ ﺠﺎﻨب واﻟﻨﺘﺎﺌﺞ أﺸﺎرت إﻟﻰ أن وﻀﻌ�ﺔ طﻠب اﻟﻤ�ﺎﻩ اﻟﻐﯿر ﻤﻘﯿد.ﻤﻘﯿد
 أﻤﺎ طﻠب اﻟﻤ�ﺎﻩ اﻟﻤﻘﯿد ﻤﻊ اﻗﺘراح ﺒرﻨﺎﻤﺞ ادارة ﻤﺎﺌ�ﺔ.ﺴﺘز�د ﻤن ﻀ�ﺎع اﻟﻤوارد اﻟﻤﺎﺌ�ﺔ وز�ﺎدة ﺼرﻓﻬﺎ

ﻤﺘﻛﺎﻤﻠﺔ ﻓﺴ�ﻘﻠﻞ ﻤن ﻀ�ﺎع اﻟﻤوارد اﻟﻤﺎﺌ�ﺔ و�ﺠﻌﻞ ﻤﻌدل اﺴﺘﻌﻤﺎل ﻟﯿﺒ�ﺎ ﻤن اﻟﻤ�ﺎﻩ ﻗر��ﺎً ﻤن ﻤﻌدﻻت

.اﻟدول اﻟﻤﺠﺎورة

ABSTRACT
Libya relies on local groundwater, transported groundwater and desalination for
urban water supply. Yearly, these three sources provide a total of 600x106 m3. Libya’s
water network coverage rates are not known but estimates put a national average of
around 65%, which leads to an average national supply per capita estimate of 420 l/c/d.
Supply per capita seems high even when compared to countries with similar adjusted
wealth. In order to reduce wastage and achieve a more reasonable per capita consumption
figure, two tasks need to be done. The first task, which was the main focus of a previous
published paper, is to assess the current situation in terms of supply/demand, asset,
financial and organizational levels. The second task, which is the main focus of this paper,
is to propose a proactive plan that is required in the long-run to bring supply per capita
down and preserve water resources. Future water demands have been studied with two
main cases; uncontrolled water demand case and controlled water demand case. Two
scenarios within each case have been proposed and analyzed with different assumptions.
The main findings are: (1) Uncontrolled demand will result in increased wastage of
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financial and water resources; (2) With the consumption management program in place,
Libya’s supply per capita is expected to go down gradually to a level comparable to
similar countries in the region.
KEYWORDS: Per Capita Consumption; Water Demand; Consumption Management.
INTRODUCTION
According to the United Nations, about one third of the world’s population already
lives in countries considered “water stressed” that is, where consumption exceeds 10 %
of total supply [1]. These countries, which Libya is one of them, are using more fresh
water than they have or at least have in the form of renewable resources. The withdrawal
of groundwater in quantities greater than nature’s ability to renew it is widespread in
Libya [2]. This situation is not sustainable given that the index of renewable water
resources in Libya is well below scarcity level. Figure (1) shows water scarcity levels for
some countries in the Middle East [3]. Results from the first task showed a high national
supply per capita estimate of 420 l/c/d. This figure of water consumption, which includes
domestic and non-domestic consumption and unaccounted for water, was confirmed
using the Down-Top approach and the Top-Down approach [4]. This paper focuses on
proposing a proactive plan that is required in the long-run to bring supply per capita down
and preserve water resources.
Renewable water resources
(Middle East)
Water scarcity values
(m 3c -1y-1)

4000
3292
3000
2000

Water scarcity level

1150
752
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104
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Egypt

Tunisia
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Figure 1: Water scarcity values for some countries in the Middle East.

BACKGROUND
This mission needs to be achieved in the context of the main findings regarding the
first task [4], a summary of these findings are as follows:
 In supply/demand dimension, data on coverage rates across Libya is not available,
per capita consumption figure (420 l/c/d) is high for Libyan standards of wealth and
water scarcity, significant waste of fresh water in domestic sector, water use habits
are related to availability, and quality and reliability of water supply are below
internal standards;
 In asset dimension, aging assets across the value chain are in poor condition,
preventive maintenance is not implemented, leakage in distribution system is a
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serious concern that is neither understood nor systematically addressed, and
underutilisation of supply assets is not cost effective;
In financial dimension, very low water tariffs do not at all allow recovery of
investment and operating cost, low bill collection rates and metering penetration, low
awareness of real operating costs, and no accountability for financial performance;
In organizational dimension, frequent reorganisations in recent years with pressing
overstaffing, unclear interfaces between key players, water allocation decisions are
not taken by one body, and overlap, fragmentation and duplication of institutional
and asset-related functions in entities.

CURRENT SUPPLY AND DEMAND
Libya’s average supply per capita is estimated at 420 l/c/d (for the connected
population) with significant variations across regions implying a high correlation between
consumption and water availability. In fact, there is a wide regional variation in water
supply. According to the population density, the country can be divided into four regions.
Table (1) shows details about supply per capita in these regions. It is clear that Supply per
capita in Libya seems high even when compared to countries with similar adjusted wealth
as it can be seen in Table (2) [3].
Table 1: Supply per capita by region
Eastern
region

Central
region

Western
region

Southen
region

Supply (×106 m3 per year)

170

153

222

55

Population connected (millions)*

0.9

0.85

1.75

0.4

Supply per capita (l/c/d)

518

493

348

377

Regions

* Population figures based on an average growth rate of 1.8% published by the National Information
Authority (NIA) with an average coverage rate of 65%, [5].

Table 2: Water consumption (selected countries with similar adjusted wealth)
Countries
Consumption per
capita (l/c/d)

Libya

Lebanon

KSA

Jordan

Morocco

Oman

420

360

250

190

185

110

Figure (2) shows supply per capita breakdown to different components. Down-Top
approach based on Libyan living conditions shows that domestic water needs are around
120 l/c/d. This is in line with consumption levels in developed countries (Tripoli
example). Based on our estimate current domestic consumption levels are at an average
of 230 l/c/d. This figure could be grouped into two main groups; (1) essential water use
(110 l/c/d) and (2) non-essential water use (120 l/c/d), which includes among others
Wastage, such as spraying in front of residence, leaving the tap running unnecessarily,
and inefficient plumbing in household. It is clear that each person is using double the
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amount they need daily. This situation is driven by a widespread perception that water is
free and by the belief that water is an infinite resource, which has been reinforced by the
existence of the Man-Made River, which has been financed through indirect taxes.
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Figure 2: Supply per capita breakdown

FUTURE SUPPLY DEMAND
Two cases of future water demands have been proposed and analyzed; (1)
Uncontrolled water demand and (2) Controlled water demand. Both cases cover a forecast
period from 2015 to 2025 and the year 2010 is used as a base year.
Uncontrolled water demand

Two scenarios of uncontrolled water demand have been proposed, with the following
assumptions; (1) population grows at an average growth rate of 1.8%, (2) connectivity is
assumed to grow at a rate of 2% per year, and unaccounted for water is assumed to remain
constant at 40% over the forecast period.
Scenario-I (constant supply per capita)

In this scenario, a constant supply per capita of 420 l/c/d is assumed to be continued
during the forecast period. A summary of calculations and water demand forecasts of this
scenario are presented in Table (3) and Figure (3).
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Table 3: Water demand forecasts (constant supply per capita)

years
Population (millions)

2010
6.0

2015
6.6

2020
7.2

2025
7.9

Connectivity (%)

65

71

78

86

Water demand (×106 m3/ year)

600

720

860

1040

(constant supply per capita)
1400
1200

Mm3/yr

1000
800
600
400
200
0
2010

2015

2020

2025

years

Figure 3: Water demand forecast (constant supply per capita)
Scenario-II (increasing supply per capita)

Increasing supply per capita scenario assumes that supply per capita increases
gradually by 20% reaching 500 l/c/d by 2025. A summary of calculations and water
demand forecasts of this scenario are presented in Table (4) and Figure (4).
Table 4: Water demand forecasts (increasing supply per capita)

Years
Population (millions)

2010
6.0

2015
6.6

2020
7.2

2025
7.9

Connectivity (%)

65

71

78

86

Water demand (×106 m3/ year)

600

780

1010

1270

Journal of Engineering Research

(University of Tripoli)

Issue (21)

March 2016

73

(increasing supply per capita)
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Figure 4: Water demand forecast (increasing supply per capita)
Controlled water demand

Two scenarios of controlled water demand have been proposed, with the following
assumptions; (1) population grows at an average growth rate of 1.8%, and (2) connectivity
is assumed to grow at a rate of 2% per year.
Scenario-III (eliminating non-essential water use)

In this scenario, supply per capita decreases gradually by 30% reaching 300 l/c/d
by 2025 (in other words eliminating the non-essential water use, which is estimated at
around 120 l/c/d). This will be achieved by introducing a consumption management
program that will put in place the levers to control consumption through water tariffs
giving consumers financial incentives to reduce wastage. In this scenario, unaccounted
for water is assumed to remain constant at 40% over the forecast period. A summary of
calculations and water demand forecasts of this scenario are presented in Table (5) and
Figure (5).
Table 5: Water demand forecasts (eliminating non-essential water use)

Years

2010

2015

2020

2025

Population (millions)

6.0

6.6

7.2

7.9

Connectivity (%)

65

71

78

86

Water demand (×106 m3/ year)

600

650

700

745
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(eliminating non-essential water use)
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Figure 5: Water demand forecast (eliminating non-essential water use)
Scenario-IV (eliminating non-essential water use & reducing unaccounted for water)

In this scenario, supply per capita decreases gradually through two mechanisms; (1)
Eliminating non-essential water use, as presented in scenario III. (2) Reducing
unaccounted for water (UFW) from current level of 40% to a level of 25% by year 2025.
A summary of calculations and water demand forecasts of this scenario are presented in
Table (6) and Figure (6).
Table 6: Water demand forecasts (eliminating non-essential water use & reducing
unaccounted for water)

Years

2010

2015

2020

2025

Population (millions)

6.0

6.6

7.2

7.9

Connectivity (%)

65

71

78

86

Water demand (×106 m3/ year)

600

15

615

595
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(eliminating non-essential water use & reducing UFW)
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Figure 6: Water demand forecasts (eliminating non-essential water use & reducing
unaccounted for water)

DISCUSSION
The uncontrolled water demand case will necessitate a costly expansion of
desalination and transported water capacity while continuing to strain wells. It will result
in increased wastage of financial and water resources; additional desalination
investments; increased system costs (depreciation and operating costs); increased use of
transported water; additional withdrawals from depleting wells. In addition, this situation
will encourage use of unnecessary water and sustain the belief that water is free and
abundant. This will put Libya out of step with other countries in the regions and with the
world wide trends to use water more efficiently. If no measures are taken today, it will be
difficult to adjust course in the future when reliability and connectivity improves.
Therefore a proactive water consumption management program is required in the longrun to bring supply per capita down, mitigate capital investments in desalination and
preserve water resources. Water consumption management will be used to eliminate non
essential water use and to reduce unaccounted for water. This will be achieved by giving
consumers financial incentives to reduce wastage and by introducing a plan to fix and
replace broken pipes respectively. The consumption management program is based on
five key elements (Table 7). Successful consumption management depends on putting in
place the levers to control consumption through water tariffs, metering, bill collection,
water conservation campaigns and unaccounted for water reduction. If the consumption
management program is, implemented yearly water savings can reach 450x106 m3/Year,
which is equivalent to 10 average size desalination plants. With the Consumption
Management Program in place, Libya’s supply per capita is expected to go down
gradually to a level comparable to similar countries in the region (Figure 7).
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Table 7: Key elements of water consumption management program in Libya

years

Current situation

Consumption management target

Bill
collection

Average bill collection is
around 20%

Bill collection to be increased
gradually reaching 90% in 2025

Metering

Average meter penetration at
about 14% of the connected
population

Meter penetration to be increased
gradually reaching around 90% in
2025

Water tariff at 0.25 LYD/ m3

Two proposed tariff changes in 2015
and 2020 to reach a water tariff of 1
LYD/ m3

Water tariff
No real tariff enforcement
Water
conservation
campaign

No effective water
conservation campaigns are
currently being conducted to
curb consumption

Water conservation campaigns can
bring down consumption of all the
consumers

UFW
control

No effective water saving
plan is currently being
conducted

Pipe replacing and fixing can bring
down water losses due to leakage

(effect of consumption management on supply per capita)

supply per capita (l/c/d)

500
400
300
200
100
0
2010

2015

2020

2025

years

Figure 7: Effect of water consumption management program on supply per capita
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CONCLUSION
In Libya, the average national supply per capita estimate of 420 l/c/d is a high figure
due to the fact that the country is using more fresh water than it has or at least has in the
form of renewable resources. The main goal of this paper is to propose a proactive plan
that is required in the long-run to bring supply per capita down and preserve water
resources. Future water demands have been studied with two main cases; uncontrolled
water demand case and controlled water demand case. Two scenarios within each case
have been proposed and analyzed with different assumptions. In the first case, the supply
per capita could reach as high as 500 l/c/d by year 2025. In the second case, the supply
per capita is expected to go down to reach as low as 240 l/c/d by year 2025.
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