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Abstract 

Kuwait and the other Gulf Cooperation Council (GCC) states have experienced rapid growth in 

population coupled with a rise in the standards of living and acceleration in social, agricultural, 

and industrial growths, which greatly increased the demand for water supplies.  Due to the 

scarcity of water resources in the region, non-conventional water supplies such as seawater 

desalination are and have been the main water resource.  Kuwait has so far been able to meet 

demand by using its access to both the sea and abundant oil needed in the desalination plants.  

The quantity of water consumed per capita in Kuwait is higher than in countries with abundant 

water resources.  There are several reasons for such demand, but one of the main reasons is the 

fact that the price of water is heavily subsidized in Kuwait; consumers currently pay $0.60 

USD/m
3
, while the cost of desalinated water production is currently is above $5 USD/m

3
 (based 

on 2007 oil prices).  The main objective of this study is to evaluate the water price as a cost 

effective tool to reduce water over consumption by identifying the economic and the 

environmental benefits of water conservation using water models in the literature.   Two 

scenarios were evaluated based on a 5-year (2008-2012) water plant using economic indicators 

(cost of fuels, cost of water projects), and environmental indicators (water production, CO2, NO2, 

and SO2 emissions).  Scenario A was the current price schedule used in Kuwait (uniform rate of 

$0.6 USD/m
3
).  Scenario B was the price proposal by Milutinovic ($1 USD/m

3
 price of water, 

after 150L/capita/ day allowance).  A cost-effectiveness analysis was then used to determine the 

overall effectiveness of each scenario using the above indicators. The results of this study 

suggest that adopting scenario B will cut the water demand by 113.3 billion imperial gallons in 5 

years.  Thus, adopting scenario B would postpone the need for new water projects to the year 

2020.  Under scenario A, water demand would outstrip water production capacity by the year 
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2012.  Implementing the new price schedule (Scenario B) starting in year 2008 will reduce 

energy consumption for water desalination by around 16.2%.  This is equivalent to 4.32 million 

barrels of Crude Oil, 172 thousand barrels of Gas Oil, 10.12 million barrels of heavy fuel oil 

(HFO), and 21,421 million SCF of Natural gas.  This translates into net fuel savings of 1.5 

billion USDs and 16.2% emissions reduction in 5 years.  Liquid fuel analysis suggests that HFO 

and crude oil emit 397 and 360 kg CO2/bbl, respectively.  Also, HFO emits two times more NO2 

and SO2 than crude oil.  Emission factors were also calculated per unit of water produced, 12.81 

kg/m
3
 of CO2, .044 kg/m

3
 of NO2, and .253 kg/m

3
 of SO2.   
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Chapter 1: Domestic Water Resources and Demand in Kuwait  

1. 1 Introduction 

Kuwait is a member of the Gulf Cooperation Council (GCC) states which are located in 

an arid region, where freshwater resources are extremely limited.  In the last three decades, 

Kuwait and the other GCC states have experienced rapid growth in population coupled with a 

rise in living standards and acceleration in social, agricultural, and industrial growths, which 

greatly increased the demand for water supplies.  Due to the scarcity of water resources in the 

region, non-conventional water supplies such as seawater desalination are and have been the 

main water resource.  Kuwait has so far been able to meet demand by using its access to both the 

sea and abundant fuel needed in the desalination process.   

However, the continuing increase in water demand will continue pressuring the limited 

water resources of Kuwait.  The country has been following a supply side approach, responding 

to growing water demand by building more desalination plants; however, little has been done to 

control demand.  Desalination may remain the resort for increasing the supplies to meet the 

demands, but only at the expense of increasing economic pressures.   

The quantity of water consumed per capita in Kuwait is higher than it is in countries with 

abundant water resources.  There are several reasons for such demand, but one of the main 

reasons is the fact that the water price is heavily subsidized in Kuwait, consumers currently pay 

$0.60 USD/m
3
, while the cost of desalinated water production is currently is above $5.0 USD/m

3
 

(based on 2007 oil prices). 

Different aspects of water demand management have been studied, and certainly water 

price is a crucial element in determining water demand.  The main objective of this study is to 

evaluate the price of water as a cost effective tool to reduce water over consumption by 



2 

 

identifying the economic and environmental benefits of water conservation using water models 

in the literature.  

Chapter one presents a review of the water resources in Kuwait and an introduction to the 

desalination process and capacities since Kuwait gets over 93% of its potable water through 

desalting plants.  A discussion of the associated costs and environmental impacts of desalination 

plants in general follows.  

 Next, the water demand pattern in Kuwait and a literature review of water management 

concepts are discussed.  A particular emphasis was given to the importance and benefits of water 

conservation to sustainable development. 

Then, a literature review of water demand models was conducted.  Most of the demand 

models suggest that water consumption is elastic to price increase, with a wide range for 

elasticity.  A study by Milan Milutinovic (24) suggested that increasing the price of water in 

Kuwait to $1.0 USD/m
3
, will decrease the demand 20-40%.  

In chapter two, the economic and environmental benefits of water conservation using 

Milutinovicôs price structure as a tool to eliminate the waste of water in Kuwait are evaluated.  

The research proposal follows the logic that if price is used to decrease/limit water over 

consumption, then the current desalination plants in the country will sustain the near future water 

demands, thus downsizing or postponing water projects.  There will also be savings in fuel cost 

and reductions in emissions, since desalination plants in Kuwait rely on fossil fuels.  A cost-

effectiveness analysis approach was used to compare two scenarios, as follows: 

 Scenario A: Domestic water demand under current price structure (uniform rate of 

$0.60 USD/m
3
). 
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 Scenario B: Domestic water demand under the new price structure proposed by 

Milutinovic ($1.0 USD/m
3
 price of water, after 150L/capita/ day of free allowance). 

The results of the cost-effectiveness analysis and the public perception on water demand are 

discussed in chapter three.  

1.2 Water Resources 

Kuwait is an arid country located at the north of the Arabian Peninsula and occupies a 

total area of 17,820km
2
.  The hot dry climate in Kuwait results in an annual average rain fall of 

110mm, with a variability range from 31mm to 242mm.  Surface runoff and groundwater 

recharge are rare due to high evaporation rates and insufficient duration and distribution of 

precipitation (1). 

The main water resources in Kuwait are fresh and brackish groundwater, desalinated 

seawater, and treated wastewater.  Wastewater is treated to the tertiary level in four plants in 

Kuwait; approximately 40% of the treated water is reclaimed and used for irrigation and the rest 

is discharged to the sea (1).   

Limi ted fresh underground water was discovered at both Al-Rawadatain and Um-Al -Aish 

with an estimated natural reserve of approximately 180Mm
3
 (1).  However, the water demand 

has exceeded 506 Mm
3
 in 2005 (2).  The country's only natural water resource is 60 m

3
/y per 

capita of renewable water wells, while extraction from wells is 307 m
3
/y per capita (3).  

Currently, water is pumped from Al-Rawadatain field only at a rate of 4500 m
3
/d to a bottling 

plant.  This rate is raised to 9100m
3
/d for a period of 10-15 days at a maximum of three times 

year when needed (2).    

Brackish underground water is produced by three major entities mainly the Ministry of 

Energy (MOE), Kuwait Oil Company (KOC), and Private farms.  It is estimated that the total 
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output capacity of brackish water wells is 0.7 Mm
3
/d with total dissolved solids (TDS) 

concentration ranging between 4000-9000 mg/l.  Brackish water is used for blending with 

distilled water from desalination plants, irrigating and landscaping, household purposes, 

livestock watering, and construction (2). 

1.3 Sea Water Desalination in Kuwait 

Seawater desalination began in Kuwait during the 1950s and now it is providing about 

93% of the countryôs fresh water.  Potable water is secured by seawater desalting monitored 

through the Ministry of Energy: Electricity and Water, a government entity (4).  There are six co-

generation desalting plants (CPDP) in Kuwait producing electric power and process heat 

(stream) to desalinate seawater in multi stage flash (MSF) seawater desalting plants.  Figure 1 

shows the development of desalination plants in Kuwait since the 1950s. 

 

 

Figure 1: Development of Desalination Plantsô Installed Capacity. Raw Data Source (2)  

 Each plant consists of multiple MSF units where seawater flows under positive pressure 

through a number of condensers.  Seawater is heated gradually by the thermal energy (steam) of 

moderately low pressure (2-3 bar) extracted from steam turbines or from heat recovery steam 
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generators combined with gas turbines (5).  Up to this point, the pressure of the sea water is 

above atmospheric pressure and therefore below boiling pressure.  In order to return to a state of 

equilibrium, part of the sea water flashes off such that the saturation temperature corresponds to 

the pressure in the stage.  This process is repeated from stage to stage whereby the pressure and 

the temperature in each stage is less than that of the preceding stage.  The brine is then 

discharged from the last stage by the brine pump and the distillate is drawn through from the first 

to the last stage condenser where it is discharged by the distillate pump (6).  Figure 2 in is an 

illustration of MSF process.   

 

Figure 2: Diagram of Multi -Stage Flash Plant Used for Generation of Desalinated Water (6) 

The success of MSF is mainly due to its simple layout and reliable performance over the 

years.  The MSF units in Kuwait consume on average 209.9MJ/m
3
, and equivalent work of 22.45 

+- 2.50 kWh/m
3
 (7).  This is much higher than the energy consumed by reverse osmosis (RO) or 

multi-effect boiling (MEB) used in neighboring countries.   The average energy consumed by the 

RO system is 5 kWh/m
3
, and by the MEB is in the range of 12 kWh/m

3
 when steam is extracted 

from steam turbines at low availability  (5).   

The large-scale desalination plants in Kuwait require large amounts of energy as well as 

specialized expensive infrastructure.  The CPDPs operate by burning fossil fuels such as crude 

oil, heavy oil, gas oil, and natural gas to heat the sea water to generate the needed steam for 
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power and water production.  The consumption of energy for water production in Kuwait 

represents on the average of 18% of the total energy consumed in the cogeneration plants (8).   

1.4 Desalination Cost 

The cost of desalination is a major factor in implementing desalination technologies and 

usually is site specific.  The quality of feed water is a critical design factor.  Lower feed water 

salinity (brackish water) requires less energy and dosing of antiscale chemicals than higher feed 

water salinity (seawater).  Large capacity plants require high initial capital investment compared 

to low capacity plants.  However, larger plant capacity reduces the unit cost as a result of the 

economies of scale.  As the plants increase production capacity, the marginal cost of a unit of 

water decreases.   Site characteristics such as the location relative water source and concentrate 

discharge point can also affect the water production cost.  Pumping, concentrate discharge, and 

costs of pipe installation will be reduced if the plant is located near the water source (9).  

Another major factor in desalination cost is variable costs which include the cost of labor, 

energy, chemicals, and maintenance.  

The unit cost of fuels and the amount of electricity and desalted water varies depending 

of the plants efficiency.  Fuel cost is the largest item of operating costs for any power plant, 

around 30ï40% of the unit product cost (10).  Darwish published a number of articles about 

desalination in Kuwait.  He roughly estimated the cost of fuel energy to produce one m
3
 of 

desalted water at $2.762 USD/m
3
 based on 209.9MJ/m

3
and $75 USD/barrel of crude oil (7).  

Another study by Yuan Zhou, Richard S.J. Tol (11) looked at the development of 

desalination and its costs over time. This study considered 442 desalting plants using MSF 

processes worldwide over the years of 1957 to 2001, with a total capacity of 12.6 million m
3
/d.  
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The major users of MSF technology are the Middle Eastern and North African (ME&NA) 

countries, such as Saudi Arabia, United Arab Emirates, Kuwait, Libya and Iran.  

 

 

Figure 3: Unit Costs vs. Total Installed Capacity by MSF Process (11) 

Figure 3 illustrates the unit costs of all the desalting plants using the MSF process over 

the total cumulative installed capacity.  The average unit cost has fallen from about $9.0 USD/m
3
 

in 1960 to about $1.0 USD/m
3
 at present, which indicates improvement of MSF technology (11).  

The authors used regression methods to estimate the unit costs of these desalting plants.  The 

model for this process is specified in equation 1. 

F(UNITC)=G(TIC,CAP,YEAR,ME&NA,SEA)                                                            Equation 1 

Where: 

UNITC = the average unit cost of desalting one cubic meter of water 

TIC = the total cumulative installed capacity 

CAP = the capacity of a single plant 

YEAR = the contract year of the plant 

ME&NA  = the regional dummy 

SEA = the raw water quality dummy 
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Figure 3 does not reflect the oil crisis in the 1970ôs, which had led to the dramatic 

increase of oil prices.  The reason is that the above estimation is conducted irrespective of energy 

prices due to lack of information on actual energy consumption for all the plants.  In order to 

adjust the cost of desalination to energy prices, the authors report a sensitivity analysis by 

calculating the unit cost over time based on the correlation between energy costs and oil prices.  

Figure 4 illustrates the unit costs of MSF plants with and without adjustment for oil prices. 

Without oil prices, there is a comparatively tighter trend than with prices adjustment.  Figure 4b 

shows clearly higher costs during the period 1970-1985. 

 

Figure 4: Sensitivity Analysis of Unit Costs Regarding Energy Costs (11) 

1.5 Environmental Impacts of Desalination Plants 

Desalination plants can have an indirect impact on the environment.  Burning of fossil 

fuels to generate electricity and desalt water produces gaseous emissions such as carbon dioxide 

(CO2), nitric oxide (NO), nitrogen dioxide (NO2), and sulfur dioxide (SO2) in quantities directly 

related to the consumed fuel energy for each desalting process. 

Another major environmental problem comes from the discharge of concentrated brine, a 

byproduct from desalination.  Concentrates are generally liquid substances that may contain up 

to 20% of the treated water with total dissolved solids (TDS) concentration greater than 36,000 

mg/L (12). 
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Critical concentrate parameters are TDS, temperature (7 degree above ambient seawater 

temperature) (10), and specific weight (density).  Concentrates are high in salinity and may 

contain low concentrations of chemicals such as NaOCl or free chlorine to prevent biological 

growth, FeCl3 or AlCl3 used for flocculation and removal of suspended matter, H2SO4 or HCl to 

adjust water pH, and NaHSO3 to neutralizes chlorine remains in feed water (12). 

These properties of concentrate can pose threats for the marine habitats and receiving 

water environments.  Factors such as the total volume of brine being released; the constituents of 

the brine discharge; and the amount of dilution prior to release have potential adverse effects on 

marine resources.  The high salt concentration of the discharge water and fluctuations in salinity 

levels may impact organisms near the outfall.  In addition, brine has greater density than 

seawater and could sink towards the seabed, potentially causing adverse impacts to the local 

marine biota (10). 

1.6 Water Demand Patterns in Kuwait 

Water security depends on the availability of enough water to meet the demand of all 

consumption sectors at all times.  These conditions are hardly met in water rich countries, as the 

hydrological cycle is not fully reliable.  In arid countries, such as Kuwait, where there is not 

enough natural fresh water, water security is generally based on enough storage capacity to cover 

strategic and seasonal variations in consumption, non-conventional water supplies and utilization 

of treated wastewater.  During the seventies, the oil boom, paralleled with the advances in 

technological innovation by the industrial world, helped to accelerate the developments in the 

infrastructure of Kuwait in an extraordinary manner.  Recently, the rapid increase in population 

and vast urbanization, mainly due to the increase of income from oil, makes desalting of 

seawater necessary to satisfy the growing demand of freshwater.  
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 Water use in Kuwait is divided into three sectors, mainly domestic, agricultural, and 

industrial (Figure 5).  Domestic water use refers to the freshwater used by the residential and 

commercial buildings, while agricultural refers to the water used for irrigation, landscaping, and 

private gardens.  The industrial water use covers all the industries in Kuwait except the oil sector.  

The domestic and the industrial sectors water usage account for 54% and 6% of the total water 

used in the country, while the agricultural sector water usage accounts for 40% (1).  Note that the 

agricultural sector relies mainly on brackish water and private wells. 

 

Figure 5: Water Use by Sector. Source of raw data (1) 

The domestic consumption of water in Kuwait has risen dramatically during the past two 

decades.  The total domestic water consumption has increased from 23,442 million imperial 

gallons (MIGs) or 107 Mm
3
 in 1981 to 111,507 (MIGs) or 507 Mm

3
 in 2005 (2), which 

represents almost 5 fold increase as shown in Figure 6.   The population increase has 

undoubtedly impacted the water consumption in the country, from 1.4 million people in 1980 to 

3 million people in 2005 (Figure 6).  Nevertheless, the corresponding per capita daily water 

consumption has increase from 45 IG/d (205 l/d) to 100 IG/d (460 l/d) over the same period 

(Figure 7).  The per capita consumption of freshwater in Kuwait is comparable to that in the 

developed industrialized countries (over 460 1/d vs USA 333 1/d and France 156 1/d).   
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             Figure 6: Annual Water Consumption from 1980-2005. Source of Raw Data (2)  

 

 

 

 

 

 

 

 

 

In a report issued in 2006, the UN office in Kuwait cautioned against abuse of water, and 

also stated that water consumptions in Kuwait are among the highest in the world (10).  There 

are several reasons for such high demand; lack of measures and public incentives for water 

conservation, lack of awareness of the water value, unaccounted-for-water (20%-25% in the Gulf 

region) which include water used but not paid for, as well as leakage (13), and unrealistically 

subsidized water prices.  During the seventies, the government of Kuwait has decided to 

distribute the oil wealth to its citizens and residents in various ways.  Among them was the 

decision to subsidize utilities such as electricity and water.  The level of subsidies on different 

utilities has undergone various changes; however, no change was made to the price of water 

Figure 7: Annual Water Consumption per Capita from 1980-2005. Source of raw data (2)  
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since then.  Consumers pay subsidized water prices ($0.60 USD/m
3
), while the cost of 

desalinated water production is currently is above $5 USD/m
3
 (based on 2007 oil prices). 

 In most countries in the world a water tariff system operates to cover at least the cost of 

operation and maintenance, whereas in Kuwait, the Ministry of Energy (MOE) is faced by the 

challenge to provide an adequate supply of water with an uncontrolled demand in an industry 

that requires substantial investments and high operation costs.  The gap between the total costs of 

producing desalted water and the tariffs charged is very high.  

1.7 Accepted Concepts of Water Management 

The three main elements of a sustainable development are economic, environmental and 

social.  Water management concepts are the practices of planning, developing, distribution and 

optimum use of water resources under defined water polices and regulations.  Kuwait has a 

serious water problem that can become a real crisis in the near future.  The country's only natural 

water resource is 60 m
3
/y per capita of renewable water wells; while extraction from wells is 307 

m
3
/y per capita.  Desalinated seawater is the main water resource for potable water, besides low 

salinity brackish well water (~7% of potable water).  Desalinated water represents 73.5% of total 

water resources, and 93% of fresh water.  The water problem is a result of many factors besides 

limited natural resources, such as the policy used for desalination of seawater, combining 

desalination units with steam turbines in power plants and limited water to power production 

ratio imposed by the plants design, lack of timely response to match water demand increase with 

installed desalination capacity, lack of measures and public incentives for water conservation, 

unrealistically subsidized water prices ($0.60 USD/m
3
) , lack of awareness of the water value, 

high cost of desalinated water production ($5 USD/m
3
 in 2007), and other aspects.  Kuwait's 

economy is heavily dependent on oil export revenues, and the demand for fossil fuels by CPDPs 

http://www.eia.doe.gov/cabs/opecrev.html
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to generate power and desalt seawater is growing annually and reducing the number of barrels 

exported and sold in the international market, thus lowering oil export revenues.   

The continued increase in water demand will continue to stress the limited water 

resources of Kuwait.  Desalination may remain the resort for increasing the supplies to meet the 

demands, but only at the expense of increasing economic pressures.  Because of the increasing 

scarcity of water resources and the significant benefits of water for society, economy and the 

environment, an integrated water resources management plan plays an important role in 

sustainable development.  In energy-rich countries such as Kuwait, various strategies have been 

developed over the years in response to growing water demand, which call for building new 

seawater desalination plants using the MSF process that are energy intensive and require much 

time and money.  The recent advances in desalination technology and the dramatic decline in 

cost have made desalination a viable and cost-effective solution to ensure future water supply. 

So, what presently remains to be done is to develop a comprehensive model for the 

implementation of sustainable, integrated water resources management plan in Kuwait.  The plan 

should consider the environmental, social and economic issues of water management.  

The management of water should aim to achieve the following objectives: water security, 

sustainable economic growth, affordable water for lower income groups which must be 

maintained when considering tariff structures, and cost reduction.  The policy and procedure for 

the efficient management of water has to rely on an integrated program that places emphasis on 

the following major activities as shown in Figure 8. 

1.7.1 Supply Management 

 Plant Efficiency  
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The performance of desalination plants depends on the efficiency of the operation and 

maintenance.  There is growing interest in employing the less costly RO process for desalination 

of seawater and brackish groundwater with the anticipation of declined RO capital and O&M 

costs.  

 

Figure 8: Holistic Appr oach to Water Management. 

Previous studies urged the MOE to look carefully at the option of introducing a RO 

desalting system in future plans.  Seawater desalting by the RO system has been applied 

successfully in Saudi Arabia and other GCC counties.  The guaranteed energy consumption at 

the Al Fujira plant in the United Arab Emirates is 7.5 kWh/m 
3
 (5). This is less than 1/3 of the 

equivalent energy consumed by the MSF system.  The 2000 MOE report stated that the 3000 

m
3
/d RO research project conducted by the MOE and KISR (Kuwait Institute for Scientific 

Research) showed the reliability of RO desalting seawater systems under prevailing local 



15 

 

conditions.  The RO desalting system is the main competitor of the MSF desalting system due to 

certain advantages: 

 Å It consumes less energy. 

 Å Continuous improvements in membrane materials.  

Å Production of potable water from high salinity water in the Gulf area in one stage.  

Å No need to be combined with a power plant or to interfere with its operation. 

 Å It is delivered and operated in modules.  

 Network Loss 

Network loss or unaccounted-for Water (UFW) is the difference between the quantity of 

water supplied to a city's network and the metered quantity of water used by the customers (14). 

UFW has two components: physical losses due to leakage from pipes, and administrative losses 

due to illegal connections and under registration of water meters.  The percentage of 

administrative losses depends on the degree of effort exerted in identifying illegal connections 

and in repairing meters.  Reducing UFW is a crucial step to improve the financial health of water 

utilities and to save scarce water resources.  The announced figures in the Gulf region for UFW 

vary from 15-20% (13).  The physical losses are influenced not only by the deterioration of the 

piped network, but also by the total amount of water used, system pressure, and the degree of 

supply continuity. 

 Water Reuse 

The largest membrane-based water reclamation facility in the world was constructed in 

Sulaibiya, Kuwait in 2005.  The facility converts 100 million gallons per day (mgd) (380,000 

m
3
/day) of municipal effluent (expandable to 160 mgd or 610,000 m

3
/day) to 85 mgd (320,000 

m
3
/day) of high quality reclaimed water that will be used for agriculture, providing an alternate 
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source to potable water in Kuwait.  The project uses proven technology both for the wastewater 

treatment plant and for the water reclamation facility.  The combination of UF and RO provides 

bacteria, virus and TDS removal, producing high quality water for agriculture and non-potable 

water applications (15).  The facility, however, didnôt reduce domestic water consumption since 

produced water is not used for potable uses.   

1.7.2 Demand Management 

Previously, the GGC governments have emphasized supply management, which covers 

the activities required to locate, develop and manage new resources.  However, today they are 

finding it increasingly necessary to turn their attention to demand management as new water 

resources become more and more inaccessible and the cost of projects to augment supply 

escalate.  Demand management includes the promotion of more desirable levels and patterns of 

water use.  It covers both direct measures to control water use, such as regulations and 

technological means, and indirect methods that affect voluntary behavior, such as market 

mechanisms, financial incentives and public education.  The mix of demand management 

measures may vary, but in all cases it aims to conserve water by increasing the efficiency of its 

use.  A key issue in the management of demand is to educate the public that water can no longer 

be taken for granted and used extravagantly.  Its production and distribution is a major burden on 

the budgets of GCC governments since consumers contribute only 5% to 10% of the cost. 

While more attention is paid to demand management in some GCC states, in most cases it 

is limited to seasonal public awareness programs.   Instead, it should be part of a national policy 

reinforced by legislation, incentives, public awareness, tariff structure and conservation, in order 

to direct all consumers to participate in these programs more seriously. 
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 Privatization 

Currently, the water industry in Kuwait and some GCC countries is owned and operated 

by the government; however some countries including Kuwait are looking into privatizing the 

water industry.   Private utility companies are run based on efficiency; therefore, the unit cost 

would be cheaper than that from independent authority or government managed utilities.  There 

are two approaches which may be adapted to ensure that water and power utilities minimize their 

cost of operation.  The industry may be restructured to increase competition where it is feasible 

and maximize transparency; however, the monopoly structure of the water industry in the GCC 

states means that government intervention may be required to bring about change.  Also, the 

government can regulate the industry to try to ensure that the costs of the monopoly operator are 

minimized (16).  The potential benefit from increasing efficiency in the water and power utilities 

sector is the likely effect on the economy.  Reducing the cost of utilities will lower the 

government subsidies in GCC states.  This in turn will lead to invest the savings in other sectors 

of the economy.  In most countries in the world a water tariff system operates to cover at least 

the cost of operation and maintenance.  In the GCC countries, on the other hand, the subsidies for 

the water and electricity sectors are so high that these utilities are either free or supplied at a 

nominal charge.   

 Price and Non-Price Water Policies 

 In general, the level of consumption of a certain product depends not only on market 

interest rates, but also on the price of current consumption relative to its social cost or the price 

of consumption goods relative to capital goods.  Under pricing goods below their social cost will 

lead to excessive consumption of that good.  The under pricing of natural resources can stem 

from at least three sources.  First, insecure or poorly defined property rights can lead to 
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excessively rapid resource exploitation if the exploitation does not require much prior 

investment.  Second, natural resource under pricing can arise from the failure of the market to 

incorporate the externalities associated with the use of natural resources.  Examples of such 

externalities include the various damages from the use of fossil fuels (such as acid precipitation 

or climate change), or the loss of ecosystem services as flood control, water-filtration and 

wildlif e habitat when wetlands are drained for conversion to farms for example.  Third, natural 

resources may be underpriced because of government subsidies.  The World Bankôs 1992 World 

Development Report examined fossil fuel, electricity and water prices in 32 developing 

countries.  In all but three of those countries, subsidies caused prices to fall below cost, even 

before accounting for potential externalities.  Similarly, the International Energy Agency (1999) 

has estimated that in India, China and the Russian Federation, full-cost pricing would reduce 

energy consumption by 7, 9 and 16 percent, respectively (17). 

  One of the most effective and promising alternative to force the consumers to conserve 

resource is through economic incentive to those who conserve and enforcement of penalty to 

those wasting the resources (18).  Water price policy usually refers to tariff policy which 

discourages high levels of consumption through price increases in higher blocks price mark-up 

(i.e. block pricing) and rebate schemes to encourage efficient water use in municipal water 

districts, at the same time without affecting the well being of the relatively poor by keeping 

constant lower block prices (18).  There are five major types of rate schedules used in estimating 

water rates. These are: (a) fixed charge per period; (b) uniform rate per unit consumption; (c) 

peak load pricing; (d) mixed pricing; and (e) varied or block rate schedule.  Non-price policy 

instruments are actuarial tools that do not affect the price of water, which include public 
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education campaigns, rationing, water use restrictions and subsidies for adoption of more water 

efficient technologies such as low flush toilets, water saving shower heads and faucets (18). 

1.8 Benefits of Water Conservation 

Water conservation consists of any beneficial reduction in water losses, waste, or use. 

Conserving water can be beneficial in many ways, but one important reason for conservation is 

that it can help systems avoid, downsize, or postpone water and wastewater projects. The 

facilities used to treat and deliver drinking water are sized to meet demand; if the level of 

demand is inflated by wasteful use, people pay more in both capital and operating costs than 

necessary to provide safe and adequate water supply and wastewater services (19). Moreover, 

when the cost of supplying drinking water and processing wastewater is reduced, financial 

resources can be used to meet other needs.  Properly planned and implemented, water 

conservation programs can defer, reduce, or eliminate the need for not only water supply 

facilities but wastewater facilities, as well.  While the capital cost savings effects of water 

conservation are compelling enough, the potential benefits do not end there.  Water conservation 

extends water supplies, of course, but can also reduce utility operating costs.  Energy use by 

customers and utilities can be reduced, which saves money and reduces greenhouse gas 

emissions.  Reducing water withdrawals also helps improve water quality, maintain ecosystems, 

and protect water resources. 

1.9 Water Demand Models 

A literature review of areas that are related to water demand was conducted.  Most 

studies found that price has a significant impact on water demand.  The use of price to manage 

water demand has been an issue of growing concern among decision-makers during the last 

decades.  Economists have tried to shed some light on the effects of different types of tariffs 
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estimating demand functions and normally focusing on the calculation of price-elasticities.  

Water demand models found in the literature suggest that water consumption is elastic to price 

increase, with a range of elasticity depending of the data and analysis methods used.  The 

economic approach to water demand estimation uses econometric techniques to relate water 

consumption to some measure of the price of water and a set of explanatory variables.  Most of 

the studies use some type of econometric model in the form Qd = f(P,Z), which relates water 

consumption to some measure of price (P) and other factors (Z) such as income, household type, 

or household composition (20).  However, there is no general consensus on the methodology to 

analyze water demand. 

1.9.1 Water Demand Variables 

 Water Price 

Water demand in most cases is estimated as rather inelastic.  This is because water has no 

substitutes for basic uses and because the customer exhibits a low level of perception of the rate 

structure, since water bills typically represent a small proportion of income.  However, prices can 

play a crucial role in demand management as long as the elasticities are different from zero (20).  

A study by Martinez-Espineria and Nauges (21) suggests that it is probably not that useful to 

think about elastic or inelastic demand functions.  They suggest that the water demand function 

will  exhibit different elasticities at different levels of use and in different price ranges.  In 

particular, water for essential uses (drinking, cooking, personal hygiene) should be expected to 

be highly inelastic.  The amount of water used jointly with some other complementary goods 

(water-using appliances) is probably not very responsive in the short run to changes in prices 

either.  The elasticity estimates are found to be almost two or three times higher than in a static 

framework, suggesting that previous elasticity estimates are small because residential water use 
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does not respond immediately to price variations.  This delayed reaction could be explained by 

the large share of water consumption dependent on durable equipment (washing-machines, 

dishwashers, sanitary fitting, etc.) and by the effect of habits developed over time (21).  

Urban residential water pricing typically takes one of three forms: (1) a uniform marginal 

price; (2) increasing block prices; or (3) decreasing block prices.  Under a uniform price, 

households pay a single volumetric marginal price at all levels of consumption.  Increasing block 

structures charge higher marginal prices for higher quantities consumed, resulting in a water 

supply function that resembles an ascending staircase; decreasing block structures are stacked in 

the opposite direction (22).  Given the type of data available, two important issues remain: (1) 

whether to use marginal or average price in the estimation; and (2) the simultaneity problem 

between price and quantity (23).  The most common debate in the literature is whether to use 

average price or marginal price, however, a consensus has not been reached.  Some researchers 

support the assumption that if the consumers think the water bill is significant, they will try to 

learn the exact pricing schedule and their consumption would be influenced by the marginal 

price.  Otherwise, if water bills represent a small percentage of income, the consumer will react 

to average price.       

 Weather Variables 

Studies on water demand found that seasonal changes and climate influence water 

consumption.  However, researchers used different variables to evaluate the effects of weather on 

water consumption.  In the article published by Arbrues et al. (20) in 2003, he listed the different 

variables researchers used.  Foster and Beattie (1979, 1981a) used precipitation during the 

growing season. Billings and Agthe (1980), Billings (1982), Agthe et al. (1986), Nieswiadomy 

and Molina (1988), and Hewitt and Hanemann (1995) used evapotranspiration from Bermuda 
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grass minus rainfall. Al -Quanibet and Johnston (1985) used a variable function of temperature, 

minutes of sunshine, and wind speed.  Billings (1987) and Griffin and Chang (1990) used 

average monthly temperatures, summer rain, and the ǓF by which mean temperature exceeded 58 

ǓF. Stevens et al. (1992) and Agthe and Billings (1997) used temperature together with annual 

rainfall.  In general, the studies found that summer demand is more elastic than winter demand 

and outdoor use is more elastic than indoor.    

 Other Variables 

House hold characteristics such as income, house size, and lot size are also expected to 

influence demand.  Median household income is included in demand models and is expected to 

positively correlate with demand (18).  House and lots sizes are frequently used in demand 

models because they are expected to have a significant influence on demand.   If the dependent 

variable is water use per household, household size should positively affect use.  However, due 

to economies of scale in the use of water, the increase in water use is less than proportional to the 

increase in household size (20).   

1.9.2 Kuwaitôs Water Demand Model 

A study by Milutinovic (24) attempted to estimate the domestic water demand in Kuwait 

at various prices.  The main purpose of his study was to analyze the potential impact of water 

pricing as a tool for managing water in Kuwait.  The author attempted to develop a water model 

for Kuwait, however, with the lack of the data regarding household water characteristics (water 

consumption is generally not metered in Kuwait) and the influence that a price increase has on 

demand (there has not been an increase in the price of water in recent years), the perspective of 

his research was modified, and water demand models from the literature were adopted for 

Kuwait.  Milutinovic used five water demand models based on studies in several arid regions: 
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California, Tunis, Australia, Saudi Arabia, and Spain.  He performed a number of simulations 

analyzing the influences of different pricing schedules including constant prices, block tariffs, 

and free allowance followed by various pricing schemes.  The author then proposed a price 

structure for Kuwait, a free allowance followed by a constant price $1.0 USD/m
3
.  The main 

objective is to eliminate the waste of water by pricing it after a certain amount that would satisfy 

the basic needs.  The quantity of the free allowance was proposed to be 150L/capita/day, which 

is average consumption found in European countries (Figure 10).  The results of his simulations 

using these models (adopted for Kuwait), he concluded that a $1.0 USD/m
3
 price of water, after 

150L/capita/ day of free allowance, would decrease the demand by 20-40 percent, depending on 

the demand model used, with an arithmetic average of %35 (24). 

 

      Figure 9: Price Proposal ï A Free Allowance Followed by a Constant Price. Modified from (24) 

 Input Assumptions 

Since water demand models in the literature assume that demand is a function of household 

income and household size, Milutinovic divided consumers in groups in the following way.  The 

data regarding household income distribution in Kuwait was not available.  So, the author 

calculated the monthly household income based on the distribution in USA (U.S Census 
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Bureau), by dividing household income in the U.S by the ratio of GDP per capita in the US and 

in Kuwait.  He assumed that Non-Kuwaitis were to have half of the GDP per capita as Kuwaitis, 

and income distribution was calculated in the same manner (Table 1). 

Table 1 : GDP per Capita in USA and for Kuwaiti s and Non-Kuwaiti s (24) 

 GDP per Capita  

USA $35,721 US Census Bureau, 2004-2005 yearbook 

Kuwaiti $21,300 World Factbook, 2005 (CIA Website) 

Non-Kuwaiti $10,274  

 

The author divided the U.S income by the ratio of GDP for Kuwaiti and non-Kuwaiti household 

to the US GDP (ratio = 1.72 and ratio = 3.44, respectively), and the household income groups 

presented in Table 2 were assumed for Kuwaiti and non-Kuwaiti household and used as input in 

the simulations. 

Table 2:  Assumed Household Income for Kuwaitis and Non-Kuwaiti s (24) 

 

Percent of Households 

in each group [%] 

Average Income 

Kuwaiti Non-Kuwaiti 

(1000$/month) (1000$/month) 

15.8 .51 .26 

25.6 1.21 .60 

35 2.66 1.33 

17.9 5.44 2.72 

4.6 11.13 5.56 

  Milutinovic used household distribution data from the Economic & Financial Quarterly 

of the National Bank of Kuwait in the demand models and after adjusting the data.  He 

transformed the number of houses in every category into a percentage of the total number of 

household (Table 3). 
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Table 3 : Household Size Distribution Used in the Simulations (24) 

Kuwaiti Non-Kuwaiti HH 

11% 46% 1 

33% 39% 2-5 

27% 10% 6-9 

29% 5% >12 

 

1.9.3 Models Used 

1.9.3.1 Saudi Arabia Model 

Water consumption in four major cities in Saudi Arabia was studied by Rizaiza (25).  The 

water demand equation in this study used a logarithmic functional form to calculate the annual 

water demand (Q) as a function of  income (INC), average price (PRIC), family size(FSIZE), 

temperature(TEMP), a constant (city dependant), and garden possession GRDN (equation 2) 

(25). 

          Equation 2 

Milutinovic (24) modified equation 2 to compute water demand for every consumption 

group in Kuwait using different prices.  He assumed the average temperature to be 31C; and 

since data on garden ownership were not available, the garden dummy was not used.  To 

simulate the free monthly water allowance, the author assumed that a price of $0.1 USD/m
3
 for 

the first 4.5m
3
/capita/month (150 L/capita/day) is close enough to free water (a zero price could 

not be used since the model has a logarithmic form).  All consumption over 4.5m
3
/capita/month 

was priced at constant price rate.  The coefficients were modified to Kuwait by assuming when 

water is free the water demand is 450 L/capita/day (average water consumption/capita in 2005). 
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1.9.3.2 The California Model  

Renwick and Green (18) developed a model to measure the influence of price policies 

and non-price policies on decreasing water demand.  The model is based on data in California for 

about 7.1 million people from eight water agencies during 1986-96.  The authors used three 

equations in their study: household water demand, price equations and climate equations.   

Household water demand has a logarithmic form and was derived as a function of price 

variables, household income, lot size, precipitation, temperature, and non-price policies 

(equation 3).   Milutinovic assumed that the household income is a function of household size, so 

a household size variable was needed in the model.  However, in the original model he used, the 

household size is not directly incorporated in the demand equation, but it is part of the price 

equation.  In the simulations, the household size did not have significant influence on the price 

elasticities; it was used to be consistent with the price proposal. 

                                                                                                                                                                             

Equation 3 

Where; 

i=1,é.,8 agencies (cities), t = 1,é.,96 months (time) 

Wit = Household Water Demand per month 

Dit = Difference variable (the difference between what would have been paid if all units were 

purchased at MP and the amount paid under the block pricing schedule) 

INCit = Income in $1000 

HHit = Number of household members  

NP DSM = 8 non-price Demand Side Management (DSM) policies 

PREC = precipitation 
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The model incorporated: price policies (MP $0.16 - $1.6 per m3), alternative non-price 

campaigns, and seasonal and climatic variability on demand in a generalized least-squares 

framework.  The model estimated 16-20% price elasticity, also, price policy may achieve a larger 

reduction in aggregate demand in lower income communities that in higher income communities. 

To adopt this study to Kuwait, Milutinovic made modifications similar to the ones he made to 

the Saudi models.   

1.9.3.3 The Australian Model 

This study by Dandy et al.  (26) analyzed the influence of an annual free allowance (136 

m
3
/household) in the pricing regime in the metropolitan area of Adelaide, Australia.  In this 

model, annual water demand is specified differently for consumers that are below and above free 

allowance.  The study showed that water demand (equation 4) above the allowed quantity (A) is 

more sensitive to income (or property value), climate (summer moisture deficit and winter 

evaporation), and pool ownership than the consumption below allowed quantity.  For consumers 

below the free allowance, water demand is a function (equation 5) of lagged consumption Q-1, 

property value, household, climate (Z variables) and dummy variable for year 1992 Dy. 

D  = 0 for Q < A 

                               Equation 4 

For water demand for consumers above the allowance, the author incorporated a function of 

price (MP and D) variables in addition to the previous variables, and different coefficients were 

used. 

D = 1 for Q > A 

ũ) . Z + ū             Equation 5 
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Where: 

Q = quantity of water consumed 

A = annual allowance 

I = property value 

P = a vector of price variables (marginal price (MP), difference variable) 

Z = a vector of other variables (household size, climate, and others) 

D = variable showing id demand is above or under allowance 

Q-1 = quantity of water consumed in previous year 

Dy = 1 for year 1992 and Dy = 0, otherwise 

 The coefficients used in the annual static consumption mode (without lagged consumption) are 

presented in Table 4. 

Table 4: Coefficients Used in the Static Annual Australian Model (24) 

 Property 

value 

Plot size No. residents No. rooms Pool Marginal 

Price 

Difference 

variable 

Constant 

D = 0 0.712 .011 19.51 12.69 69.24   35.73 

D = 1 0.751 0.008 2.84 2.72 -56.4 -404.4 -1.37 366.35 

 

 Milutinovic (24) used the original coefficients (Table 4) to simulate the water demand in 

Kuwait.  Dy was not used since it is specific to Australia and lagged consumption was not 

included since the annual static model was used.  Since property value was not available for 

Kuwait, Milutinovic used income instead.  The income coefficient was computed so that the 

model would produce a demand of 450 L/capita/day for a zero price in the simulation of a free 

allowance followed by a constant price.  The author computed the property value coefficient by 

assuming that the property value that of an average family own would equal to the income they 

earn in 133 months (11.1 years).  The values of income coefficients are presented in Table 5. 
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Milutinovic also assumed that the annual allowance of 136 m
3
 per household (2.6 

members/household) or 143L/capita/day is close to the allowance that he proposed in his thesis 

for Kuwait.  

Table 5: Income Coefficient Values for Adopting the Australia Model (24) 

Possibility Value 

D<A 0.00535 

D>A 0.011 

 

1.9.3.4 Tunis Model 

A model developed by Ayadi el al. (27) based on water demand data in 1980-1996 in the 

north African country of Tunis (Tunisia).  The consumers were divided into five water 

consumption brackets.  The lower brackets were combined into the lower block and the higher 

two brackets were combined into the higher consumption block based on the similarity in 

changes in demand.  The middle bracket was not used in the model.  The water demand 

(equation 6) is a function of income, average price, network size, rainfall and quarterly dummies.   

                           

Equation 6 

Portion of households in each bracket: 

                                           

Equation 7 

Where; 

C= average consumption of water per household [m
3
/month] 

R=average monthly income of household [$1000] 

P = average price paid by household [$/month] 

N = network size incorporated to capture the effect of network expansion 
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RL = indicator of rainfall 

QD = quarterly dummy 

NB = number of consumers in each bracket  

Milutinovic didnôt use the rainfall, quarterly dummies, and network expansion variable in 

his simulations.  He used the first and the second Kuwaiti income groups (Table 2) to compose 

the lower bracket and fourth and fifth Kuwaiti income groups for upper bracket.  This led to have 

a smaller percentage of the total population in the lower bracket, and larger percentage in higher 

bracket, which increases the price elasticity, because the model is specified to have a bigger 

elasticity for the upper group.  The author calibrated Ŭ0 coefficients to get a water demand of 

450L/capita/day when the price is almost zero.  Also, ɔ0 coefficients were changed in order to 

match the group breakups.  Changes made in the coefficients in adopting the  

Tunis model are presented in Table 6. 

Table 6: Changed Coefficients for Adopting the Tunis Model (24) 

  Kuwait Tunis 

Coefficient Description Lower Block Higher Block Lower Block Higher Block 

Ŭ0 Interception 1.25 1.8 3.1 8.65 

ɔ0 Intersection 1.525 2.035 3.27 9.84 

     

1.9.3.5 The Spanish Model 

A Spanish water demand equation was developed by Martinez-Espineira and Nauges 

based on the Stone-Geary utility function (21).  The model (equation 8) was estimated in 

Feasible Generalized Least Squares Framework (FGLS) using a time-series data set from Seville, 

Spain, which consisted of monthly values in price, consumption, income, and climate variables 

from 1991-1999.  
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                            Equation 8 

Where: 

Qw = average per capita consumption 

Pt = the marginal price of water 

It = virtual income, the difference between the average salaries and the difference variable 

BANt = binary variable, indicating the influence of the out-door-use bans 

POPt = daily hours of supply restrictions 

ɔ = the minimum consumption level (not affected by prices) 

ɓ = marginal budget share allocated to the good considered 

Milutinovic used the same values of the coefficients (ɔ0 and ɓ0) from the original model to 

simulate water demand in Kuwait.  For income, the GDP per capita for Kuwait was used 

($20,547).  The BAN and restriction variables were not used in Kuwait simulations.  

 Milutinovicôs Model Constrains and Assumptions 

 In Kuwait, water bills are not collected efficiently which differs from the situations in the 

countries were original models were used.  Milutinovic stated ñA clear answer about what is the 

difference between a free situation and Kuwaitôs water pricing situation (water does have a 

pricing schedule, but bills are not collected efficiently) and how this might influence the water 

demand cannot be found in the water demand literatureò.  Also, in the models used by 

Milutinovic, water prices increase was from a certain price significantly larger than a price zero.  

He also assumed that weather, density of housing, seasonal influences and other variables were 

constant, which might have an influence on the demand reduction. 
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1.9.4 Simulations Results and Discussions      

 
Figure 10: Decreases in Demand for Selected Models for an allowance Followed by a Constant Price (24)  

Figure 11 indicate that a free water allowance 150L/capita/day (4.5 m
3
/capita/day) 

followed by a constant water price of $1.0 USD/m
3
 will decrease demand.  The log models 

(Saudi, Tunis, and California) and the Stone-Geary model (Spain) showed that after a price of 

$1.0 USD/m
3
 the water demand does not significantly decrease with increases in price 

(Figure11), indicating that there is a quantity of water that is not elastic to prices.  The Linear 

model (Australia) suggests that a price of $1.2 USD/m
3
 would decrease the water demand level 

to 200-300 L/capita/day.  In general, this kind of price scheme would decrease the water demand 

by 25%-55% depending of the model used, with an average of 40% (24).   

Since the Australian and Saudi models were based on free allowance, and in his 

simulations for these models he computed the initial demand for prices of $0.25 USD/m
3
. 

Milutinovic presented the influence of the free allowance on demand reduction based on an 

initial price of $0.25 USD/m
3
 for all demand models (Table 7).   

 


