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In this study a real case is used in order to evaluate the effect of the factors controlling the residential
water demand in one of the suburb of the state of Kuwait. The study investigates the effect of having or
not having water and sewage networks on the water demand. The importance of this study arises from
the difference between the two studies residential areas in which one of them contains complete and
modern water and sewage networks. The other area under investigation is adjacent to the first area but
is lacking similar networks yet. These two residential areas have the same controlling factors for water
demands, such as economical conditions, climatic conditions, standard of living, and social life. The
method presented is based on a sensitivity analysis of the effect of networks availability on the per
capita daily water demand. The analysis of data from both residential areas showed a greater water
demands for area without networks, which is contradicting the expectations and experiences.
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INTRODUCTION

The community in Kuwait has unique social life that
differs from that in other oil countries in the Gulf region.
All Kuwaiti citizens have high income (GDP per capita is
USD 56,000, World Fact Book) that minimizes the effect
of the water price on the consumption rate. The common
luxurious life of citizens requires the use of several
faucets in houses. This lavish style of life makes Kuwait
one of the top water consuming countries per capita.
Water consumption in Kuwait is about 460 liter/capita/
day(lpcd) that is about one and a half times the
consumption of an American person and three times the
consumption of a European person (Al-Shawaf, 2008).
On the other hand, the available water resources in
Kuwait is very limited that the demand/resource ratio for
water is higher than 20 (ESCWA, 2009). The efficient
performance of water resources management depends
largely on the accuracy of future water demand estima-
tion, which in turn depends on the evaluation of the
factors affecting water consumption rate in the city. There
are many important factors playing an important role in
the estimate of the per capita water consumption rates.
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These factors include, but not limited to, climatic condi-
tions, economical conditions, geographical locations,
composition of the community, and the existence of water
and wastewater pipe networks system with installed
water meters.

Many studies dealing with residential water demand
focused on the water consumption modeling for urban
and rural areas. Whitford (1972) has developed a fore-
casting model based on the use of a formal decision tree
to include some of the important controlling factors.
Saunders and Warford (1976) determined the most
important variables affecting municipal water demand in
some metropolitan areas. Narayanan et al. (1987) exa-
mined the feasibility of seasonal water pricing considering
metering costs.

Mukhopadhyay et al. (2001) collected data from 48
household over a period of 56 weeks to estimate the
consumption inside a house in Kuwait. The consumption
ranges from 182 to 2018 Ipcd with an average of 814
Ipcd. The collected data and the followed analysis consi-
dered few parameters that affect the water consumption
including number of people in residence, number of
rooms, number of bathrooms, existence, size, and water-
ing of gardens, and income level of the occupant. The
neural network analysis conducted through the study
presents the watering of the attached garden is a prime
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reason for increasing water consumption.

Keshavarzi et al. (2006) investigated the consumption
in rural area of Ramjerd, Fars District, Iran over a 5 year
period. The consumption is found dependent on the
household size, age of household’s head, garden size,
greenhouse size, and garden watering frequency. Ano-
ther study was conducted by Milutinovic (2006) in which
he examined several numerical models for the water
consumption in Kuwait considering factors such as the
household size, family income, existence of a garden,
water price, and temperature. Nazerali (2007) conducted
a comparison between water resources management in
Kuwait and that in Singapore. He elaborated that some
factors need to be considered with respect to water
management in Kuwait such as the economy of the
country, lifestyle of the rural population, and environ-
mental change.

However, none of the available literature examined the
effect of water and sewage network availability on the
water consumption rate in Kuwait. A comparison is con-
ducted in this study between the water consumption of an
established area with water and sewage network and
another newer area without similar networks. The compa-
rison considered the area of houses, number of people in
the house, age of head of household, and house garden.

RESEARCH OBJECTIVE

The target of this study was to evaluate the effect of the
availability of water supply network with installed meters
and sewers on the water demand. The investigation was
conducted by making a comparison between two
adjacent residential areas in one of Kuwait suburb called
Sabah Al-Naser located about 25 km from the center of
Kuwait city (Figure 1). This modern residential area is a
perfect model for applying this study. The location of the
studied residents gives the opportunity to evaluate the
effect of water and sewage networks on the municipal
water consumption rates, particularly the household
water consumption rates.

The other important controlling factors affecting resi-
dential water consumption rates are considered to have
the same effect on both residential areas. It is presumed
that factors such as climatic conditions, economical
conditions, standard of living, habits and traditions, to
have the same effect on both residential areas under
investigation.

It was hypothesized that the availability of water and
sewage networks in the city will increase the daily per
capita consumption rate. However, the efficiency of the
existence of such network in Kuwait was the prime target
of the study.

METHODOLOGY

It was aimed in this program to evaluate the relationship between
household consumption rates and the effect of water and sewage

networks. This examination is made by comparing two sets of data
collected from two different residential areas.

However data collected from residential area with water and
sewage networks (Area-A) were made by day to day direct water
meter readings for one hundred and twenty individual houses. The
other part of this residential area with no water and sewage
networks (Area-B) was getting its water by tankers from water filling
stations, and also transporting its wastewater by tankers as need-
ed. A sample of about one hundred and twenty houses was taken.
The data collected included, area of house, number of people living
in each house, and monthly water consumption.

Each house’s daily water consumption rates in Area-B were
calculated depending on the size of tankers, the frequency of water
supply to these houses, and the volume of tanks placed over each
house. Moreover, a monthly bill of water supply by water tankers in
houses in Area-B houses was taken to estimate average water
daily consumption rates.

In Area-A, houses were of two floors and a basement. Houses
were categorized into three groups depending on the area of the
house. The numbers of persons living in these houses was consi-
dered. There are small variations of number of people living in
these houses with a total average of 10 persons in the house. The
distribution of number of people living in a household is:

1. 40 houses with a 750 m? area with an average of 12 habitants.
2. 40 houses with a 600 m? area with an average of 10 habitants.
3. 40 houses with a 500 m? area with an average of 8 habitants.

Houses categorization was selected to have the same number and
same area for both areas being considered. A time period of one
year was selected to follow up the consumption rate of the houses
based on monthly basis. Data collection of water consumption
started on June 2003 to May 2004. A full record of water meters’
reading has been recorded for each month in order to estimate the
daily per capita consumption rates.

For Area-B in which there were no networks, an estimation of
water consumption for each house has been conducted by
considering the effective capacity of the tankers, the volume of
tanks located on the top of each house, and average frequency of
filling the tanks. Then, the per capita consumption rate was
calculated by dividing the total daily consumption of water by the
number of people living in each house.

It is worthy to note that all the houses selected in Area-B were
getting water from tankers according to contracts that guarantee
steady water supply for each house every day on a monthly
payment. Also, it is important to keep in mind that all the residents
of selected houses are Kuwait national families with high income
and they own their houses.

RESULTS AND DISCUSSION

It was found that for similar houses in both areas A and
B, the average per capita consumption rate for all the
categories in Area-A is less than the corresponding value
of Area-B. The average dail;/ water consumption per
capita for the houses of 500 m” area is 491 Ipcd for Area-
A, while the corresponding rate in houses of the similar
area and number of habitants is about 605 Ipcd in Area-
B. Also, it was found that a lower water consumption for
houses of 600 m? area in Area-A than those in Area-B of
the same area and number of habitants. These are found
to be 418 Ipcd for Area-A houses and 523 Ipcd for Area-B
houses. In addition, a greater water consumption was
found in houses of 750 m* area in Area-B compared to
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Kuwait City:

Eye alt 17.06 km

Figure 1. Location of Sabah Al-Nasser region in Kuwait.

Table 1. Water demand in each area of our study (liters per capita per day).

Area of house (m?)

Residential area (Part A)

Residential Area (Part B)

500 491
600 418
750 473

605
523
568

that of corresponding houses of the same area and
number of people in Area-A. There are 568 Ipcd for
houses in Area-B and 473 Ipcd for houses in Area-A
(Table 1).

The higher values obtained for water consumption in
area without water and sewage networks may be referred
to several reasons. The existence or not of the networks
is not a prime factor in the consumption difference since
the common habits for residents in both areas are the
same. All residents do not care about the price of con-
sumed water whether through a fixed network or
delivered by tankers. The possible reasons for that diffe-
rence include the social characteristics of the residents in
each area. The residents of the new area are new fami-
lies with lower ages and lower number of household size.
These families with frequent travels abroad in vacations,
work, or study have more modernized style of life.

The young age of household parents and children
make the family more dynamic more consuming for

water. Also, the small number of persons in the house
leads to higher rate of water consumption per person
since some fixed activities is not dependent on the
number of persons such house cleaning and garden
watering. Moreover, the luxurious modernized style of
living consumes more water because of using en suite
rooms, utilizing new machinery for washing and cleaning,
having frequent faucets inside and outside bathrooms
and kitchens to facilitate cleaning activities.

Conclusions

The conclusion of this study is contradicting the initial
hypothesis, since it is usually presumed that the exis-
tence of water and waste water networks for a region will
result in an increase of water consumption rates. The
study compared two areas in the same district with
similar house areas, very close income rates, same clima-
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tic conditions, and all houses with gardens. The diffe-
rences were limited to the existence of water and sewage
networks or not and the age of the family members.

The following points are the possible explanation for the
obtained results:

1. The water pricing is very low due to the governmental
subsidizes and high income rate. Hence, water cost has
no effect on the residents’ response to water consump-
tion for both areas.

2. Similar to the effect of the pricing factor, the existence
of the water and sewage networks has a very limited
effect on the consumption since water is required to be
available all the time based on contracts with water
delivery companies in Area-B without networks.

3. The young age of household parents and children in
Area-B makes the family more dynamic more consuming
for water. Also, the small number of persons in the house
leads to higher rate of water consumption per person
since some fixed activities is not dependent on the
number of persons such house cleaning and garden
watering.

4. Luxurious modernized style of living, which is more
applicable in Area-B, consumes more water because of
using en suite rooms, utilizing new machinery for washing
and cleaning, having frequent faucets inside and outside
bathrooms and kitchens to facilitate cleaning activities.

5. Kuwaiti citizens in bad need of awareness of the
demand/resource problem in Kuwait to participate in
water management conservation process, specially for
houses with new families.
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