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An investigation of domestic water consumption in Sirte, Libya
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ABSTRACT

The paper investigates per capita water consumption in Sirte city using a questionnaire survey data. The
data captured included frequency, duration, flow rate, time of water use for each water end-use and
household characteristics (demographic and socio-economic). The results show that the average daily per
capita water consumption is 255 |/p/d. The per capita water consumption decreases with the increase in
family size, while household income does not affect water consumption. Handwash basin tap accounts
for the highest water consumption. The diurnal water consumption pattern is different from developed
countries patterns and has multiple peaks. To predict the city’s future water demand, three statistical
models based on multiple linear regression technique (STEPWISE) were developed. The comparison of
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the developed models suggests that the models based on demographic variables can produce accep-
table results and any further inclusion of additional variables (physical characteristics of households) do

not necessarily improve the prediction accuracy.

1. Introduction

Water is a key resource for economic development. Sufficient
quantities of water is a must for sustaining life, industrial devel-
opment, agricultural expansion, and environmental protection
(Duarte, Pinilla, and Serrano 2013). Water demand in turn
increases due to population growth, urbanization, industrializa-
tion and improving living standards (Domene and Sauri 2006;
Kenney et al. 2008; Lee, Park, and Jeong 2012; Simukonda,
Farmani, and Butler 2018). The demand increases rapidly, parti-
cularly in developing countries, to the extent that infrastructure
is under enormous pressure. Local water supply authorities and
water planners face challenges to adequately provide water
supply and sanitation services (Abderrahman 2000;
Simukonda, Farmani, and Butler 2018). A combination of
these factors has contributed to freshwater scarcity issues in
both developed and developing countries (Al-Rashed and
Sherif 2000; Hussien, Memon, and Savic 2016).

Additionally, limited water resources and climate uncertain-
ties magnify the water scarcity challenge. The water demand-
supply deficit is reaching critical levels in many countries. In
2017, 29% of the global population (2.2 billion people) faced
water scarcity (World Health Organization WHO, UNICEF 2019).
Two-thirds of the world’s population would be living in water-
stressed countries by 2025 (Arnell 2004). Consequently,
improved water resources management approaches are
critical.

For domestic water demand management, there is a need
for detailed information on water end-use behavior and house-
hold water use patterns to ensure efficient water resources
management planning. Domestic water demand is a function
of several factors such as econometric variables (Bhatti and
Nasu 2010), socio-demographic profiles (Duarte, Pinilla, and
Serrano 2013), housing characteristics (Syme, ShaoQ, and

Campbell 2004), accessibility to the water source (Davies et al.
2014), household economic class, water quality, climate and
hydrological factors (Slavikova et al. 2013). In order to under-
stand domestic water demand, daily water end-uses (bath,
shower, toilet flushing, hand wash basin tap, cooking, dish-
washing, laundry, house washing, garden watering, yard clean-
ing, vehicle washing and swimming pool) should be
investigated. Understanding water consumption behaviours
through water end uses analysis can also help develop targeted
water efficiency campaigns, prioritise retrofitting of water-
saving devices and influence consumption behaviours
(Marinoski et al. 2014).

In developed courtiers, domestic water demand has been
effectively analysed (Loh and Coghlan 2003; Nauges and
Whittington 2009; Willis et al. 2013; Beal, Stewart, and
Fielding 2013; Davies et al. 2014), In these countries, several
studies have analysed end-use water consumption character-
istics (Gregory and Leo 2003; Loh and Coghlan 2003; Syme,
ShaoQ, and Campbell 2004; Beal, Stewart, and Fielding 2013).
The findings from these studies are broadly similar and indicate
diurnal water consumption profiles.

Domestic water consumption varies according to the time of
the day, day of the week and season of the year. Daily variations
in domestic water consumption are represented in the form of
diurnal time patterns. These patterns are the main tool for
studying and understanding the variations of households
water use during the day. Several studies have investigated
diurnal time patterns for various end uses such as shower,
bath, toilet flushing, dishwashing and laundry. However, all
these studies were in developed countries and they provide
limited details on end uses such as tap, other domestic and
external uses. In addition, some end uses such as vehicle wash-
ing, cooking and house floor washing (room, kitchen and
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toilets) are not discussed in these studies. Moreover, there is
a lack of studies on developing countries, especially in the
North African countries. This study not only investigates the
missing water end uses but attempts to develop water con-
sumption diurnal profiles segregated at a micro-component
level. The information developed via this study can help
towards improved water demand management and an evi-
dence-based (data-driven) water supply and wastewater man-
agement infrastructure design and operation. The average
daily water consumption, peak day and peak hour demand
are the major parameters for designing and construction of
water delivery infrastructure (Beal and Stewart 2014).

In developing countries, several studies have modelled and
estimated domestic water demand using different households
socio-economic characteristics. These are the number of
women in the household in Ukunda, Kenya (Mu, Whittington,
and Briscoe 1990), education level in Faisalabad, Pakistan
(Madanat and Humplick 1993), family size in Madagascar,
Southern Africa (Larson, Minten, and Razafindralambo 2006)
and walking time to water source in Freetown City, Sierra
Leone (Ibrahim, Memon, and Butler 2021). Besides evaluating
the influence of socio-economic characteristics on per capita
consumption patterns in urban areas of Duhok city, Iraq and
Freetown City, Sierra Leone, Hussien, Memon, and Savic (2016)
and lbrahim, Memon, and Butler (2021) considered physical
household characteristics (e.g. built-up area, garden area, num-
ber of rooms, kitchen, toilet and number of floors) to develop
effective models for domestic water demand estimation.
However, they did not take into account the number of kitch-
ens and toilets in the investigated typical households. The
present study also attempts to develop data driven water con-
sumption forecasting models using a holistic approach that
includes all the investigated water end uses for a typical city
in Libya.

2. Materials and methods
2.1. Study area

Libya is one of the water-stressed countries. It is an arid and dry
country with about 94.5% of the country being a desert (PCSC
2003; GMRWUA 2005). The rainy season in the country is very
short with a limited amount of rainfall. Around only 5% of the
country receives more than 100 mm every year (Abufayed and
El-Ghuel 2001; Bindra et al. 2013). The water scarcity problem in
Libya was managed by pumping groundwater from the south
for agriculture, industry, and domestic uses (Abufayed and EI-
Ghuel 2001).

The city of Sirte is located in the north of Libya between 31°
12" 32.11” North and 16° 35’ 19.18" East (Figure 1). It has
a population of around 128,123 inhabitants and an area of
77.66 km? (SMP 2018). The arid climate of the city is affected
by the Mediterranean Sea in the north and the desert in the
south. The temperature varies during the year. It ranges from 8
to 23°C in winter and from 18 to 31°C in summer. Relative
humidity ranges between 65% in March and 78% in July. The
annual rainfall in Sirte ranges between 7 and 435 mm/year with
an average of 189 mm/year (WWCI 2019).

URBAN WATER JOURNAL e 923

The water source in the city derives from Man-Made River
Project (MMRP). The MMRP was designed and implemented to
transfer huge volumes of groundwater from south of Libya to
the north through 4 m diameter pipes (Pim and Binsariti 1994;
Abderrahman 2000, 2008; Nasar 2015). The water is stored in
large reservoirs located in different cities in Libya. Sirte city has
two of these reservoirs (Figure 1) (McKenzie, Elsaleh, and
PARKMAN 1994). From these reservoirs, the water is supplied
to many competing uses. These include agricultural and live-
stock which use 83% of the water, municipalities that get 14%
of the water which they distribute for domestic use and indus-
tries that use 3% (GMRWUA 2005). The estimated water con-
sumption for Sirte city from MMRP is 12 million m*/year which
is fully supplied by the city municipality (GMRWUA 2006).

2.2. Data collection

In this study, a comprehensive water consumption survey was
conducted at the household level. The survey was prepared in
both English and Arabic language with 72 multiple choice
questions, attached as appendix/supplementary material. The
ultimate objective of the survey was to collect data on house-
hold characteristics and water end-use parameters. The col-
lected information on household characteristics included the
number of people living in a household (children, elders, adult
males and females) and their ages, household type, number of
rooms, number of kitchens and toilets, number of floors, total
built-up area, garden area and total monthly income.
Regarding household water consumption, the survey included
questions on the frequency, duration of end-use and flow rate
of each end-use (i.e. bath, shower, hand wash basin tap, toilet
flushing, dishwashing, clothes washing (manually or using the
machine), room, kitchen and toilet floor washing, garden water-
ing, vehicle washing and swimming pool. In addition, the time
of water use for each activity during the day was also captured.

The survey was distributed for the winter season in
December 2017 and February 2018. It was distributed to over
400 local staff and students of the faculties of engineering and
medicine in the University of Sirte and 380 replies were
received. For the students, the survey was given as coursework.
Because of the absence of meters to measure the water flow
rate and duration, the students were trained to measure the
duration and flow rate of water. This was done using clocks and
buckets for collecting water for each end-use. By this approach,
the water consumption was calculated for each end-use as
a function of frequency, flow rate and duration of running
water.

To make sure all students made accurate measurements, the
method was tested by some members of staff from the faculties
who had meetings where they explained how the measure-
ments should be done as directed by the first author. Then, the
method was separately tested by the first author and 10 pur-
posively selected educated people from the community. The
results from this test were compared with those from the
members of staff. From the comparison of results and discus-
sions with the members of staff, the first author decided on the
acceptable ranges for flow rate and duration of all water end
uses. The ranges were used to check and control students’
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Figure 1. Sirte city location in Libya, MMRP distribution system (GMRWUA 2005) and the distribution of surveyed households in the city.

answers thereby providing reasonably reliable data. The values
that were outside the acceptable ranges were rejected. With
regards to diurnal water end-uses patterns, every participant
recorded the time when using water for all end uses. The

collected data were analysed using IBM SPSS Statistics Version
25 package. The analysis included calculations of statistical
parameters (i.e. average, minimum, maximum and distribution
shape identification through kurtosis and skewness) for the



characteristics of the 380 households. The analysis also deter-
mined the correlation coefficient which is a statistical para-
meter that shows whether and how strongly pairs of variables
are related. The correlation coefficient was calculated for the
relationship between household water consumption (I/hh/d)
and household characteristics.

2.3. Development of statistical models

The data collected from 380 households were divided into
70% as calibration set (i.e. training) while the remaining
30% was spared for validation (i.e. testing) purposes. In
particular, the calibration data set was used to develop
statistical models to predict household water consumption
as a function of demographic and physical characteristics.
The household demographic characteristics were family
size, number of children, elders, adult males and females.
Physical characteristics were total household built-up area,
garden area, number of rooms, number of kitchens, num-
ber of toilets, number of floors and household income. The
validation set was then used towards evaluating the per-
formance of the model after it learnt from the calibra-
tion set.

Three regression models were developed using the multiple
linear regression (STEPWISE) technique implemented in IBM
SPSS Statistics (v. 25) software. The STEPWISE technique has
been used widely to predict water demand (Cevik 2007;
Hussien, Memon, and Savic 2016; Yasar, Bilgili, and Simsek
2012; Ibrahim, Memon, and Butler 2021). The best subset
model was used for daily household water consumption
estimation.
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Figure 2. Frequency distribution of household characteristics.
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3. Results and discussion
3.1. Household characteristics

The collected data of surveyed households in Sirte City were
analysed. The statistical parameters of household characteris-
tics are shown in Table B1 (Appendix B). The analysis shows
that the average number of people in a household is 6.58
(Figure 2(a)) which is approximately equivalent to the average
standard family size (7.04) in Duhok city, Iraq (Hussien,
Memon, and Savic 2016). The average number of children,
adult males females and elders is 1.86, 2.10 2.32 and 0.33
respectively (Table B1, Appendix B). These numbers are
broadly comparable with earlier study (Hussien, Memon, and
Savic 2016) for the developing countries context similar to
Libya. Table B1 (Appendix B) shows that 77% of families live in
houses and 23% in apartments. Out of 380 households, 305
were single-storey, 69 were double-storey and only 6 were
triple-storey. The average number of rooms in a household
was 6. The average number of kitchens in each apartment was
1.6 Table B1 (Appendix B). However, it varied from 1 to 5
kitchens in a house depending on the number of people living
in a house, the number of floors and the house size. The
number of toilets in an apartment is 1 to 2 toilets, while, in
a house, it ranged between 1 and 6 depending on the size of
the house and the number of floors.

The socio-economic characteristics of the households show
that the total built-up area for a house or apartment in the
investigated area ranges between 100 and 650 m? with about
31.45 m? as a garden area. The average monthly household
income is £1335.493." Figure 2 shows the frequency distribu-
tion of household characteristics.
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3.2. Average per capita end-use water consumption

The analysis of surveyed data shows that the average per
capita water consumption in Sirte is 255 I/p/d in the winter
season. This is considerably higher than many of the devel-
oped countries (e.g 138 I/p/d in Portugal (Jorge et al. 2015),
128 I/p/d in the UK, 143 I/p/d in the USA and 138 I/p/d in
Korea (Lee, Park, and Jeong 2012) and 128 I/p/d in Australia
for summer (Athuraliya, Roberts, and Brown 2012)). There
seems to be considerable scope for implementing water
demand management measures. The per capita water con-
sumption was divided into end-uses which are bath,
shower, hand wash basin use, toilet flushing, dishwashing,
laundry, house washing, garden watering, cooking, vehicle
washing and swimming pool. The daily per capita water use
for all activities is a function of the frequency, the duration
and the flow rate from the respective water using appli-
ance/fitting.

Figure 3 shows the percentage and average per capita con-
sumption for each water end-use. The figure shows that the
largest consumption is attributed to hand wash basin tap use
(34%), followed by toilet flushing (20%). Water consumption
from taps use is much higher than reported for the developed
world, (e.g. 15.7% in the USA (Mayer et al. 1999) and 16% in
Australia (Athuraliya, Roberts, and Brown 2012; Beal and Stewart
2014)). High tap water use in Libya can be attributed to water
consumption for ablution, a mandatory requirement before five
daily prayers. The percentage of per capita water consumption
for bathing and cooking are the lowest (5%). For outdoor use
(watering garden and vehicle washing), per capita water con-
sumption is less than 1%. The results suggest that in Libyan

gardening watering in winter is not frequent. Vehicle washing
at home is not frequent because households tend to wash their
vehicle at the services.

3.3. Impact of household characteristics on the daily
average water consumption per household (I/hh/day)

The analysis of the surveyed households shows a strong
positive correlation coefficient (R? = 0.89) between house-
hold water consumption and household occupancy (i.e. the
number of people in the household) (Figure 4(a)). On the
contrary per capita consumption tend to decrease with
increased household occupance.

It can be observed from the data that the household water
consumption also increases with the increase in total house-
hold built-up area (R?> = 0.48) and the number of rooms
(R? = 0.88) (Figure 4(b and c)). This finding is in agreement
with other studies for developing (Hussien, Memon, and Savic
2016) and developed (Cavanagh, Hanemann, and Stavins
2002) countries. For Sirte city, the garden area has no relation-
ship (R? = 0.0001) with water consumption because many
people in the city do not water their gardens. However,
Hussien, Memon, and Savic (2016) found a strong relationship
(R* = 0.59) between garden watering and garden area for an
Iraqi city.

Moreover, the total household water consumption
increases with the increase in the number of children,
adult males and females, elders, number of kitchens and
toilets with a very positive strong correlation coefficient
(R? = 0.85, 0.86, 0.69, 0.92, 0.59, 0.90 and 0.88, respectively).
However, there is no correlation (R> = 0.01) between water

Garden watering 0.9%

Cooking 5%

Bath 5%
Dishwashing
6%
Laundary 6%\
House washing
7%
Toilet flushing
20%

Figure 3. Characteristics of end-use water consumption.

Vehicle washing 0.3%
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Figure 4. Relationship between household water consumption (I/hh/d) and household characteristics.

consumption and family income. This means that the total
household income does not seem to affect water consump-
tion because water is free.

3.4. The Influence of household characteristics on the
average per capita water consumption per day (l/p/d)

The analysis found that the average daily per capita water con-
sumption is 255 |/p/d. Apartments consume slightly less (251 I/p/d)
because for apartments garden-watering end-use does not exist.
Figure 5 shows the distribution of daily per capita water
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Figure 5. Frequency distribution of average per capita water consumption (I/p/d).

consumption. Approximately 3% of surveyed households con-
sume water more than 450 |/p/d. In terms of gender, the average
water consumption for females (260 I/p/d) is higher than that for
males (247 |/p/d), because they stay most of the time at home and
take care of the family. Further analysis shows that the increase in
the number of children and elders (i.e. > 65 years), reduces average
per capita water consumption with R =0.71 and 0.70 respectively.

In agreement with Edwards and Martin (1995) and Hussien,
Memon, and Savic (2016), the analysis shows that daily per capita
consumption increases with the increase in the total built-up area
of the household. Daily per capita water consumption also
increases with the increase in the number of floors in
a household (R? = 0.79). The number of toilets in a household, in
general, shows increases in the daily average per capita water
consumption (R? = 0.56).

3.5. Water user behavior

3.5.1 Diurnal patterns

The survey data was used to extract water consumption varia-
tions over 24 hours for each water end-use per capita and
household. The developed plots can help to identify the peak
time(s) where a particular end-use typically occurs and its
associated water consumption. Figure 6 shows that using
water for toilet flushing, hand washing basin and shower starts
in the morning and reaches the peak between 7 am and 9 am
depending on the time when members of the household get
up and prepare to go to work or school. Then, water use
decreases sharply and starts to increase again after the people
return to their homes.
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Figure 6. Time pattern for water usage for each end-use per capita per day.

The remaining water end-uses start later in the morning
from 9 am. In the case of bathing, normally water use is low
during day time but increases at night time when the people
are back home after work and have a bath to relax. Generally,
water comparison for indoor end-uses (bath, shower, toilet use,
cooking, house washing, hand wash basin, dishwashing and
laundry) is higher than outdoor end-use (garden watering and
vehicle washing). The outdoor water consumption is very small
because households prefer washing vehicles at washing ser-
vices and they do not water gardens frequently. The diurnal
water consumption profile in this study (Figure 6) has multiple
peaks which are significantly different from typical profiles
reported for the developed countries (Table 1). This difference
can be attributed to several factors including cultural differ-
ence, male to female employment ratio, climate and affluence.

3.5.2. Water end-uses

The water usage behavior was investigated through the
detailed analysis of frequency, duration (minute) and flow rate
(liter per minute) for each end-use. The results are summarised
below in Tables 2 and B2 (Appendix B).

Table 1. Summary of the diurnal water demand patterns in developed countries.

3.5.2.1. Bath. Although bathtub is available in most surveyed
households, bathing is not a common practice in Sirte but
bathtubs are usually used for showering. Of the 380 house-
holds, only 129 use bathtubs for bathing. The average per
capita water consumption for bathing is 13 I/p/d (Table 2).
The average frequency and volume of water used for bathing
are shown in Table B2 (Appendix B). The surveyed households
tend to have 1 to 4 baths per week. The analysis of the time
pattern for bathing shows that most of the people in the study
area prefer bathing in the evening (Figure 6). This is expected
and suggests bathing activity only takes place for relaxing
purposes. Based on the limited use of baths as discovered in
this study, any further investigations focusing on baths are
unlikely to reveal any significant insights for the quantification
of per capita consumption in the study area.

3.5.2.2. Shower. The results show that showering is the third
largest user for water in the surveyed households. The daily
average per capita water consumption for showering is 41 |/p/d
(Table 2). The average daily frequency, duration and flow rate
for showering are presented in Table B2 (Appendix B) which

Number
End-use of peaks Country Reference Comments
Irrigation, toilets, showers, clothes 2 12 North Mayer et al. The first peak in the morning at 9 am for indoor uses. However, outdoor
washers, faucets, dishwashers, baths American 1999 use achieved a secondary peak in the early evening from 6 pm to 9 pm.
and other domestic locations
Washing machine, shower, bath, wash 3 England Butler and John The first and highest peak was in the morning between 9 and 10 am.
basin, kitchen sink and toilet 2004 The second was between 6 and 7 pm, while the third and not very
pronounced peak occurred between 9 and 10 pm.
Irrigation, cooler, dishwasher, laundry, 2 Yarra Valley Athuraliya, The first peak was in the morning from 9 to 10 am and the second was in
tap, toilet, shower and bath Water, Roberts, and the evening from 7 to 9 pm.
Melbourne, Brown 2012
Australia
Shower, laundry, tap, toilet and external 2 South East Beal and The first peak in the morning and the second in the evening.
Queensland, Stewart 2014

Australia




Table 2. Summary of average water end-uses for the surveyed household.

Average water

Water end-use consumption (I/p/d)

Bath 13.00
Showering 41.00
Toilet flushing 50.71
Hand wash basin taps 85.70
Cooking and Drinking 12.70
Dishwashing manually 15.00

Dishwashing using machine 0.71

Laundry manually 0.84
Laundry using machine 13.40
Toilets washing 13.00

Kitchens washing 1.60

Rooms washing 3.80
Vehicle washing 0.74
Garden washing 2.40
Total water consumption 255

shows that households take a lot of time showering, but the
flow rate is less when compared with other research findings
(Table 3). This is because most of the households seem to use
showerheads with a low flow rate and power showerheads are
not common, an emerging concern mainly in the developed
world. The water use hourly peak for showering in the study
area is 6 I/p/d at 8 am before people go to work or school.
Water use for the shower is low during day times, but it is high
again in the night before going to bed as presented in Figure 6.

3.5.2.3. Hand wash basin (taps). The average daily per capita
water consumption for hand wash basin tap is 86 I/p/d which is
the highest compared to other water end-uses (Table 2). The
average usage frequency for handwash basin tap is approxi-
mately 6.87 times per day. This could be for ablution before
prayers and after the use of the toilet. The average duration
and flow rate of tap usage is shown in Table B2 (Appendix B).
Figure 6 shows that the first peak of using hand wash basin tap is
in the morning from 7 to 8 am. This is before people go to work.
The other peaks are in the afternoon and evening. These peaks
appear a result of the presence of all the people at home after
work and school and maybe indicating water use for ablution
before prayers.

3.5.2.4. Toilet use. Average daily per capita water consump-
tion for toilet flushing is a function of the volume of water used
per flushing and the frequency of toilet use. Toilet flushing is
the second highest water end-use (50.71 |/p/d) in the study
area (Table 2). Table B2 (Appendix B) presents the frequency
and volume of water used per toilet flushing which depends on
the type of the flushing toilet (i.e. cistern volume). Figure 6
shows that the average flush volume from 7 am to 9 am is
around 3 I/p/d. Then, the volume of water usage decreases until
13:00 hours when people are out of their households either at
work or at school. After 13:00 hours, the toilet usage starts
increasing. Further investigations indicated the toilet use dur-
ing off-peak hours correlates well with the number of female
and elderly family members at home.

3.5.2.5. Dishwashing. The survey investigated whether the
households use a dishwasher, manual wash, or both. Out of the
380 households, 315 wash dishes manually, 36 use machines

URBAN WATER JOURNAL e 929

and 29 do both. The dishwasher ownership was found to be
low and is broadly consistent with global trends including the
developed world. The total average daily water consumption
for dishwashing is 15.71 I/p/d (Table 2).

3.5.2.5.1. Dishwashing Manually. The average daily per
capita water consumption for manual dishwashing is 14.97 I/
p/d (Table 2). The average frequency, duration and flow rate for
dishwashing are presented in Table B2 (Appendix B). The time
pattern analysis for manual dishwashing shows that there are 3
peaks at 10 am for breakfast, at 15:00 hours for lunch and at
21:00 hours for dinner Figure 7(a). Further analysis of the man-
ual dishwashing activities indicated that the associated water
use pattern of three distinct peaks is consistent for households
with a higher proportion of female members and children,
eating at home mainly instead frequent out of home meals.
3.5.2.5.2. Dishwashing Machine. The average daily per capita
water consumption for dishwashing by machine is 0.71 I/p/d
(Table 2). This is a function of frequency and the rate of water
use by the dishwashing machine. The average frequency and
rate of water usage are shown in Table B2 (Appendix B).

For hourly use of dishwashing, Figure 7(b) shows that dish-
washers are mainly used at night time between 20:00 and
21:00 hours. The temporal profile shows three distinct peaks
correlating well with dishwashing after each of the three daily
meals. A comparison of results indicates that water consump-
tion for manual dishwashing is much higher than that for dish-
washing with machines. With the deployment of more water-
efficient machines, consumption can be reduced further.
However, changing established practices embedded in cultural
norms, space constraints in existing kitchens, uneasy access to
dishwashers and lack of their wider availability in Sirte city are
some of the key challenges that need addressing.

3.5.2.6. Laundry. This study investigated whether the house-
holds do their laundry manually, use a washing machine or
both. Of the 380 households, 317 use washing machine only for
laundry times and 63 wash their clothes both manually and by
washing machines. The total average water consumption for
laundry is 14.24 |/p/d (Table 2).

3.5.2.6.1. Manual laundry. The average daily water consump-
tion is 0.84 I/p/d with average frequency, duration and flow rate
as shown in Tables 2 and B2 (Appendix B) respectively.
Figure 8(a) shows the hourly usage of water for laundry and
suggests that households start to do their laundry in the morn-
ing between 9 am and 11 am depending on the availability of
housewives or holidays.

3.5.2.6.2. Laundry by machine. The average water consump-
tion for laundry by machine was computed as a function of the
volume of water usage per washing cycle and the washing
machine use frequency. From Table 2, the average daily water
consumption is 13.4 I/p/d. The small volume of water con-
sumed in this end-use is because people in the study area
especially males prefer to wash and iron their clothes at paid
external washing services. The average frequency of washing
machine use and the volume of water used is shown in Table B2
(Appendix B). The analysis shows that the surveyed households
do their laundry from 1 to more than 10 times a week, depend-
ing on the family size.
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Table 3. Comparison of mean values of water end-use parameters with other studies.

End-use Parameter Unit Mean Comparison with past studies
Bath Frequency of bath per capita per day bath/p/d ~ 0.08 0.044 (Blokker, Vreeburg, and Van Dijk 2010)0.004 (Hussien, Memon, and Savic
2016)
0.95 (Ibrahim, Memon, and Butler 2021)
Volume of water use in each bath I/bath 169.0 100 (Estrela et al. 2001)132.00 (Hussien, Memon, and Savic 2016)20.70 (Ibrahim,
Memon, and Butler 2021)
Shower Frequency of showering per capita shw/p/d 0.66 0.73 (Athuraliya, Roberts, and Brown 2012)
per day 0.49 (Hussien, Memon, and Savic 2016
0.52 (Ibrahim, Memon, and Butler 2021
Duration of each shower min/shw 16.61 8.64 (Hussien, Memon, and Savic 2016)
3.28 (Ibrahim, Memon, and Butler 2021)
Flow rate I/min 436 9.02 (Hussien, Memon, and Savic 2016)
6.93 (Ibrahim, Memon, and Butler 2021)
Hand wash basin Frequency of using taps per capita tpu/p/d 6.87 10.46 (Hussien, Memon, and Savic 2016)
taps per day 3.07 (Ibrahim, Memon, and Butler 2021)
Duration of tap use min/tpu 5.00 6.66-8.33 ((Roberts 2005)
2.73 (Gato 2006)
1.81(Hussien, Memon, and Savic 2016)
1.00 (Ibrahim, Memon, and Butler 2021)
Flow rate I/min 249 8.14 (Hussien, Memon, and Savic 2016)
2.65 (Ibrahim, Memon, and Butler 2021)
Toilet flushing Frequency of toilet use per capita fl/p/d 6.19  4.20 (Roberts 2005)
per day 4,65 (Hussien, Memon, and Savic 2016)
3.05 (Ibrahim, Memon, and Butler 2021)
Water use in each flush 1/l 8.07 9.5 (OFWAT 1997)
5.51(Hussien, Memon, and Savic 2016)
Cooking Frequency of running water for cooking cok/d 297 -
Volume of water per each cooking |/cook/p 423 13.66 (Hussien, Memon, and Savic 2016)
12.11(lbrahim, Memon, and Butler 2021)
Dishwashing Frequency of washing dishes per day ~ wsh/ d 3.10 -
manually Duration of running water in each wash min/wsh 8.14 -
Flow rate I/min 2.88 -
Dishwashing Frequency of washing dishes by wsh/d 0.24
machine machine per day
Volume of water per washing load I/wsl 14.98
Laundry Frequency of laundry manually per day wsh/d 0.06 0.26 (Ibrahim, Memon, and Butler 2021)
manually Duration of each wash min/wsh 302 -
Flow rate I/min 082 -
Laundry machine Frequency of laundry per day wsh/d 0.79 16.50 (Ibrahim, Memon, and Butler 2021)
Volume of water per washing load I/wsh 72.11 80 (Estrela et al. 2001)
167.32 (Hussien, Memon, and Savic 2016)
Kitchens Frequency of kitchens washing per day ~ wsh/d 024 -
washing Duration of each wash min/p/d 10.00 -
Flow rate I/min 243 -
Rooms washing  Frequency of rooms washing per day wsh/d 017 -
Duration of each wash min/p/wsh  11.10 -
Flow rate I/min 154 -
Toilets washing  Frequency of toilets washing per day wsh/d 183 -
Duration of each wash min/p/wsh 558 -
Flow rate I/min 313 -
Vehicle washing  Frequency of vehicles washing per day  wsh/d 0.04 0.07 (Hussien, Memon, and Savic 2016)
Duration of each wash min/wsh 5.74 1.39 (Hussien, Memon, and Savic 2016)
Flow rate I/min 1.16 10.2 (Marinoski et al. 2014)
12.82 (Hussien, Memon, and Savic 2016)
Swimming pool  Frequency of filling swimming pool No./d 0.00 0.001(Hussien, Memon, and Savic 2016)
per day
Volume of water provided to fill the m3 0.00 36.00 (Hussien, Memon, and Savic 2016)
swimming pool
Garden watering  Frequency of garden watering per day ~ wtr/d 0.14  0.40 (Roberts 2005)
0.13 (Hussien, Memon, and Savic 2016)
Duration of each watering min/wtr 10.99 13.01(Hussien, Memon, and Savic 2016)
Flow rate I/min 1.91 11.67 (Hussien, Memon, and Savic 2016)

Note: L = liter, p = person, d = day, min = minute, shw = shower, tpu = tap use, fl = flushes, wsh = washes, wsl = washing load, wtr = watering, cok = cooking

Figure 8(b) shows the hourly use of water for this end-use. It
shows that laundry is mostly done in the morning time
between 9 am and 11 am.

3.5.2.7. House washing. About 7% of the total water con-
sumption is used for house washing (Figure 3). The total aver-
age daily water consumption for house washing is 18.3 I/p/d
(Table 2). House washing activities include washing of room,

toilets and kitchens floors. Households in Sirte city, tend to
wash the floor of their toilets every day depending on the
number of people occupying the house. However, kitchen
washing is not as regular as toilets because people cover the
kitchen floor with carpet which is the same for rooms. For this
reason, the households were asked questions for each part
(toilets, kitchens, and rooms) separately in terms of the fre-
quency, duration, flow rate and the time that they use water
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Figure 7. Time pattern for water usage for dishwashing per capita per day.
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Figure 8. Time pattern for water usage for laundry per capita per day.

for each end-use for house washing (Table B2, Appendix B). The
total time pattern for house washing is shown in Figure 6 which
shows that the majority of households (housewives) prefer to
wash their houses from 9 am to 11 am with the peak at 10 am.
3.5.2.7.1. Toilet washing. The average daily water consump-
tion for toilet washing is 12.94 I/p/d with an average frequency
of 1.83 per day (Tables 2 and B2, Appendix B). Depending on
the number of toilets in the house, households tend to wash
toilet floors every day between 1 to 4 times a day depending on
the number of people who occupy the house and their
availability.

The frequency, duration and flow rate are shown in Table B2
(Appendix B). Most households use water for toilet washing
and cleansing between 9 am and 11 am which results in the
highest peaks of 2.1 I/p/d at 10 am as shown in Figure 9(a).
3.5.2.7.2. Kitchen washing. The average daily water use for
kitchen washing is 1.60 I/p/d (Table 2) The average frequency,
duration and flow rate of water usage are shown in Table B2
(Appendix B). Households tend to wash kitchen floors between
1 to 4 times per week. Around 3.2% of the households do not
wash kitchen floors during the week because the floor is cov-
ered to keep the kitchen warm. The duration of using the tap
for washing kitchens varies depending on the size and number
of kitchens in the house and the attitude of households in
terms of water usage. Most of the households tend to wash
the floors of their kitchens after finishing dishwashing after
lunch time around 15:00 hours Figure 9(b).

URBAN WATER JOURNAL e 931

Average water consumption

1357 9111315171921 23
Hour of the Day
(b) Dishwashing machine

25
c
S
a2 2
£
2
c 1.5 4
o
Sz
g2
©
2
g 05
s
$ 0
=4

- ® 0w~ O T W~ O T O
————— YR

Hour of the Day

(b) Laundry by machine

3.5.2.7.3. Rooms washing. The average household water
consumption for washing rooms is 3.81 I/p/d (Table 2) and
the average frequency, duration and flow rate are shown in
Table B2 (Appendix B). The duration of water usage for wash-
ing rooms depends on the number and the size of rooms in
the house and also the attitude of the households on water
consumption. The 24 hours time pattern for water usage for
washing rooms Figure 9(c) shows that households start using
water for washing between 10 am and 12 noon.

3.5.2.8. Cooking. The volume of water used for cooking
includes water for preparing food (washing vegetables, meat,
and fruits) and water used for drinking or preparing coffee, tea
or juice. The average water consumption is 12.7 I/p/d (Table 2).
The average frequency and volume of water required for cook-
ing are shown in Table B2 (Appendix B). The analysis shows that
the whole family consumed water for cooking less than 10 I/hh
to more than 40 I/hh depending on the family size and family
members’ availability in the household.

Figure 6 shows the hourly usage of water for food preparation
and indicates that there are 3 peaks in the pattern, between 9 am
and 11 am, 13:00 and 14:00 hours and 19:00 and 20:00 hours
corresponding to breakfast, lunch and dinner times respectively.

3.5.2.9. Garden watering. The average water consumption
for garden watering is 2.4 |/p/d as shown in Table 2. The
average frequency, duration and flow rate per day are shown
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Figure 9. Time pattern for water usage for house washing per capita per day.

in Table B2 (Appendix B). The results show that about 217 (57%)
of the households do not water gardens. Some of these have
gardens while others do not have. About 18% of the house-
holds water their gardens twice per week. 33% of the house-
holds take between 20 and 30 minutes to water their gardens
and 22% water their gardens for 10 to 20 minutes. Watering
gardens is in the morning from 9 am to 11 am and in the
afternoon between 16:00 and 18:00 hours (Figure 6).

3.5.2. 10. Vehicle washing. Water usage for vehicle washing
is the lowest (0.74 I/p/d) compared to other end-uses as shown
in Table 2. This is because households 276 (73%) in Sirte city
prefer washing their vehicles at car wash service stations. The
average frequency, duration of water use and flow rate for
vehicle washing is shown in Table B2 (Appendix B). For house-
holds that wash their vehicles at home Figure 6, they mostly
wash their vehicles at home in the afternoon from 16:00 to
18:00 hours The morning peak (between 10 am and 12 pm) is at
the weekend and holidays.

The comparison of frequency, duration and flow rates for all
end uses discussed in this study with past studies are sum-
marised in Table 3. The table suggests there is a considerable
variation in the magnitude of water used for different end uses.
This is not surprising, since the reported studies represent
different countries, contexts and cultural shades and to some
extent predominant climatic and socio-economic conditions
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(c) water consumption for rooms

washing

including demographic compositions. Consequently, although
households in Sirte use devices with very low flow rates for all
end uses, water consumption is high because of the long
duration and high frequency of water use. These may be
related to households habits, lack of knowledge to use water
efficiently or because the water is free.

3.7 Performance of the statistical models

Using the calibration data set, the relationship between the
household characteristics (independent variables) and house-
holds water consumption (dependent variable) is investigated
and the values of the correlation coefficient (R) are obtained
(Table 4). From the table, it can be seen that the strongest
relationship of household consumption is with the family size
followed by the number of adult females and the number of
adult males in the house.

Three different models for calculating household water con-
sumption were developed using demographic (Model 1), phy-
sical (Model 2) and combined demographic and physical
characteristics (Model 3) as shown in Table 5. These models
were statistically significant (at p < 0.05). The performance of
these models was evaluated by plotting the collected house-
hold water consumption data against the predicted values by
the three models. The investigated households based on
demographic characteristics, physical characteristics and both
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Table 4. Correlation coefficients between household characteristics and household water consumption.

Correlations of demographic characteristics

Family size No. of children No. of adult males No. of adult femalesNo. of elders
Household water consumption (I/hh/d)*
0.730 0.157 0.460 0.542 0.192
Correlations of physical characteristics
No. of rooms No. of kitchensNo. of toiletsNo. of floors Total built-up area Garden area Income
0.363 0.266 0.421 0.242 0.388 0.138 0.177

Table 5. Models and coefficients of determination (R?) using multiple linear
regression method (STEPWISE).

RZ
Training  Testing
Model set. set.
Model 1: based on demographic characteristics of the 0.53 0.60
household
TW,, = 67.920 + 241.997x Fs .(1)
Model 2: based on physical characteristics of the 0.18 0.21
household
TW,, = 629.242 + 404.759% Nt (2)
Model 3: based on (demographic and physical 0.56 0.60

characteristics) of the household
TWy = 19.111 + 233.142X F+275.486X Nt
-93.968% Nj (3)

*Where: TW = daily household water consumption (I/hh/d), Fs = family size,
Nt = number of toilets in a household, Nz = number of rooms in a household.

demographic and physical characteristics are presented in
Figure 10(a—c), respectively. Figure 10 shows that the trend
lines of the household water consumptions obtained from the
calibration data are almost identical to those of the testing data
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(a) investigated households based on
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for the three models. However, Model 3 was found to have the
highest R? values indicating the improvement in the model
performance when both demographic and physical character-
istics were incorporated.

The three models developed in STEPWISE were com-
pared using R? values (Table 6). The R? values suggest that
the demographic characteristics have a relatively strong
influence on household water consumption and improve
the accuracy of the model and eliminating household phy-
sical characteristics are unlikely to influence the model pre-
dictions radically. This is an important inference suggesting
that any future studies may mainly focus on investigating
user behaviour and associated influencing factors and the
role of physical household characteristics is broadly
insignificant.

The study also investigated the sensitivity of the devel-
oped models. All input parameters were tested using three
values (i.e. average, average + standard deviation and aver-
age - standard deviation). The average and standard devia-
tion statistics (Table B2, appendix B) were used to calculate
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Figure 10. Relationship between actual and predicted daily per capita water consumption using STEPWISE method.
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Table 6. Coefficients of determination (R?) of the final regression model.

Coefficient of determination (R?)

Relationship of Demographic and

household water Demographic Physical Physical
consumption with characteristics characteristics characteristics
Surveyed households 0.73 0.42 0.75
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Figure 11. Sensitivity analysis of input parameters for STEPWISE based domestic
water demand prediction models for Sirte city.

the low and high values of each household characteristic.
The calculated upper and lower values of each household
characteristic were used with the STEPWISE developed mod-
els to estimate the annual total water demand for house-
holds in Sirte city as shown in Figure 11. The figure shows
that the developed models are very sensitive to the family
size.

4, Limitations

The study faced some significant limitations which might
affect the accuracy of the determined average per capita
water consumption. The first limitation is that there are no
available previous research studies on the study area in
terms of water consumption and diurnal patterns for end
uses to develop confident comparisons. Secondly, due to
the massive loss of documents in 2011 as a result of the
war, there is no social-economic data for households char-
acteristics in Sirte city. Therefore, there is no existing
information in the city that can be compared with the
finding of this study. Thirdly, because of missing meters
to measure the duration and flow rates of water consump-
tion, the study developed a method to collect data.
However, the accuracy of the flow rates and durations
could not be validated by measured data. The end-use
water consumption data are a result of a questionnaire,
so they may be dependent on the ability and sensitivity of
subject in measuring and /or replying.

5. Conclusion

The paper studied the domestic water consumption at the end-
use level in Sirte city, Libya. The effect of household character-
istics (demographic and socio-economic) on per capita water
consumption was investigated using a comprehensive ques-
tionnaire survey. The collected data was analysed using IBN
SPSS Statistics software package Version 25 to obtain daily per
capita water consumption of each end-use as a function of
household characteristics. The average daily water consump-
tion was calculated as a function of the frequency of water use,
duration of running water from taps and flow rate of water for
all end-uses. The study obtained the 24 hours time pattern for
all end-uses. The multiple linear regression (STEPWISE) techni-
que was used to develop regression models from which the
best fit model was selected which can be used to predict future
per household water consumption.

The results revealed that the average daily per capita water
consumption is 255 |I/p/d for the winter season. The number of
toilets for households in the study area is high compared with
other developing countries. It ranged between 1 and 6 toilets
depending on the type and size of the house. The same situation
exists for the kitchens. Some houses have more than one kitchen.
The increase in the number of toilets and kitchens leads to
increased water consumption and has a strong positive correla-
tion coefficient. In addition, the results indicated that there is
a strong positive correlation between household water con-
sumption and household occupancy, total household built-up
area, number of children, adult males and females, elders.
However, there is no correlation between per capita water con-
sumption and the total household income because the water is
free. The result showed that the frequency and duration of hand
wash basin tap use are much higher than the case is in devel-
oped countries. This could be because of additional water use
activities (e.g. ablution) via the hand wash basin tap.

In terms of the diurnal water consumption profile, the
results indicated that the time patterns for all end uses have
multiple peaks which are significantly different from typical
profiles for the developed countries reported in the literature.
For the statistical models, the analysis revealed that the demo-
graphic characteristics provide more accurate predictions of
per household water consumption than the predictions result-
ing from the use of physical characteristics of the investigated
households.

The study findings provide information that can be used
to improve water demand forecasts and management.
Moreover, the information will be useful to those designing
and operating water supply and sewer systems. Specifically,
the data collected and analysed (average water consump-
tion and diurnal patterns) will serve as input to software
tools such as EPANET and Stormwater Management Model
(SWMM) for analysing the water supply and sewer systems
respectively.

The high household water consumption was found to be
a result of the long duration of running water for particular end-
uses. This provides the basis for developing policies and pro-
grams aimed at creating awareness and improving water con-
sumption behaviour. These will help to increase the adoption



of techniques such as rainwater harvesting and greywater
reuse for non-potable water uses. These have the potential
not only to reduce household water consumption but also
sewer systems flooding.
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APPENDIX A: Household Water Consumption Survey Sirte, Libya (winter season)

This survey is carried out as a part of a research project to collect and analyse the information on water use patterns in the residential areas of Sirte.
The information provided by you will be used anonymously and solely for educational and research purposes.

This survey will not take more than Thirty minutes. Please tick the relevant box.

Participant .....ccocciviiiiniinnn. Area and Street .....cc.ceiveiiiiniinrmnnnns Date ....covviiiinmiiininnnns

Demographic characteristics of household:

Gender of the person filling this form Male............ Female............
How many people live in your household? 2.. 3.. 4.. o5 Other (specify)
How many children under 15 live in your household? 0.. 1.. 2.. S TN Other (specify)
How many adult males (15- 65years) live in your household? 0.. 1.. 2.. DTN Other (specify)
How many adult females (15- 65 years) live in your household? 0.. 1.. 2.. 3. Other (specify)
How many people above 65 years live in your household? 0.. Toow.. 2.. 3. Other (specify)
Socio-economic characteristics of the household
How many rooms are there in your household? 1... 2.. 3 4L Other (specify)
How many kitchens are there in your household? 1... 2.. 3..... 4.. Other (specify)
How many toilets are there in your household? 1... 2.. 3 4o Other (specify)
How many floors/storeys in your household? Toviviii 2 3 A Other (specify)
What is your household type? House ......... Apartment....... Clay/cane....... Other (specify)
What is the total area of all floors in m?of your household? 250-300...... 300-35...... 350-40...... 400-50...... Other (specify)
What is the garden area in m? of your household? 0..ooovee. 1-30.........30-60.........60-100 ....... Other (specify)
How much is the total monthly income of your household (i.e. all family ietwrunenwn... Libyan Dinar (LD/month)
members)?
1) Bath
1.1 How many times do you have a bath every day? N/ 0..cvn Toewiw2iiwnn 3. ... Other (specify)...........
1.2 At what times during the day do you have a bath? 1 First time at .. .......... Clock
2 Second time at ............ Clock
3 Third time at ............ Clock
4 Fourth time at .. .......... Clock
5 Fifth time at ............ Clock
1.3 How much is the volume of water use for each bathing in a litre? 1-40...... 40-80.... 80-120..120-160..... 160-200. . .Other (specify).........
2) Shower
1.4 How many showers do you take per day | P 3. 4..... 5. 6...... 7......... Other (specify).........
1.5 How many minutes do you run the water for each shower? ~ <5... 5-10  10-15 15-2020-25 25-30 30-35 35-40 Other (specify).. ...
1.6 At what times do you take a shower during the day? 1 First time at ........... Clock
2 Second time at ............ Clock
3 Third time at ... .......... Clock
4 Fourth time at ............ Clock
5 Fifth time at ............ Clock

2.4 How much is the shower flow rate in litres/minute? >1.... 1-2.... 2-3...3-4...4-5...5-6.... 6-7... 7-8.... Other (specify)..........
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3) Bathroom sink (Tooth brush, hand and face washing, ablution, ets.)

3.1 How many times do you use a bathroom sink (tap) for washing <=5 6...... 7o 8 9. 10...... M. 12... 13.... Other (specify)..... ..
per day?

3.2 How many seconds/minutes does water run in each use 1-3... 3-5... 5-7... 7-9. 9-11 11-13 13-15.... Other (specify)......
(e.g. hand and face washing, tooth brushing and ablution)?

3.3 At what time do you have a hand, face and feet washing First time at .. ......... Clock
every day? Second time at ............. Clock

3.4 How much is the average flow rate of each tap use in litres/ <l....

Fourth time at .. ...

Fifth time at .......

1
2
3 Third time at .......
4
5

1-2...... 2-3. ..5-6.........0ther (specify)......c.c.ent.
minute?
4) Toilet
4.1 How many times a day do you use a toilet? Tove 2 P A Siiniiin Other (specify)...............
4.2 At what time do you use toilet every day? 1 First time at .. .......... Clock
2 Second time at ............ Clock
3 Third time at ... .......... Clock
4 Fourth time at .. .......... Clock
5 Fifth time at .. .. .. Clock
4.3 How much is the volume of water use in each flush in litres? wow. . litres
5) Dishwashing
5.1 Manually  5.1.1 How many times does your 0 .. 1.. 2 3.. 4 Other (specify). . ....c.ocoueen
family wash dishes
per day?
5.1.2 How many minutes does 1-5.. 5-10...... 10-15... 15-20...... 20-25.... Other (specify) ...............
water run in each wash?
5.1.3 How many times do you 1 First time at............ Clock
wash dishes every day? 2 Second time at ............ Clock
3 Third time at .. .......... Clock
4 Fourth time at .. ... ....... Clock
5 Fifth time at .. .......... Clock
5.1.4 How much is the flow rate  <1. 1-20 2-3....n3-4 . 450 ... 5-6....... Other (specify).......
of washing tap in litres/
minute?
5.2 Machines  5.2.1 How often do you use a N/A ... 0.. 1 2.. 3 Other (specify) ......c.ovu. .
dishwasher per day?
5.2.2 At what time do you wash 1 First time at ............ Clock
dished every day? 2 Second time at . ............ Clock
3 Third time at ... .......... Clock
4 Fourth time at ............. Clock
5 Fifth time at .. .......... Clock
5.2.3 What is the brand of
dishwashing machine?
5.2.4 What is the model of
dishwashing machine?
5.2.5 What is the capacity of each vewow... kilogram

wash in kilogram?
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7) Garden watering

7.1 How many times a week do you water the garden? N/ 0...... Toowiwi 200w 300 Other (specify) ..ouicennnnn.
A.....
7.2 How many minutes does the water run in each watering session? 1- 10-20....  20-30....30-40...40-50.... Other (specify) .................
10......
7.3 At what time do you water your garden per week? 1 First time at ............ Clock
2 Second time at ............ Clock
3 Third time at ............ Clock
4 Fourth time at .. .......... Clock
5 Fifth time at .. .......... Clock
7.4 How much is the flow rate in litres/minute for irrigating the 12000 2= 3- 4- 5- 6- 7- Other
garden? 3. 4. . 5.0 60 Toon. 8o (specify) .. ..
8) Drinking and Cooking
8.1 How many times does your family cook per day? Tovoece2iiiins Beiiii Ao S Other
(SPeCify). . veeveveve e
8.2 At what time do you cook and drink every day? 1 First time at ............ Clock
2 Second time at ... ... Clock
3 Third time at .. .......... Clock
4 Fourth time at .. .......... Clock
5 Fifth time at .. .......... Clock
8.3 How much is the volume of water use in each cooking session (including e litres

washing) of each type of cereal, vegetables, fruits and meat per day
in litres?
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Appendix B: Summary of survey results

Table B1 Summary of household (hh) characteristics in Sirte, Libya.

Standard Confidence interval

Household characteristics Unit Mean Median deviation variance Minimum Maximum Skewness Kurtosis (95%)

Number of People in household  No./hh 6.58 6.00 2.76 7.61 1.00 19.00 0.883 1.42 0.08

Number of children (<15 years) 1.86 2.00 172 2.96 0.00 6.00 0.372 -1.10 0.17

Number of adult males (15- 2.10 2.00 1.47 217 0.00 7.00 0.865 0.116 0.14
65 years)

Number of adult females (15— 232 2.00 1.61 2.58 0.00 9.00 1.19 143 0.13
65 year)

Number of adult (>65) 0.33 0.00 0.60 0.37 0.00 2.00 1.63 1.50 0.31

Total area m? of house m%/hh 226.69 190.0 89.28 7972.0 100 650.0 1.56 1.88 0.08

Garden area in m? in the 31.45 0.00 96.17 9249.0 0.00 1500.0 10.55 148.0 0.47
household

Number of kitchens in the No. 1.60 2.00 0.667 0.446 1.00 5.00 0.983 1.44 0.08
household

Number of toilets in the 2.53 2.00 0.942 0.888 1.00 6.00 1.31 1.46 0.07
household

Number of rooms in the 6.00 5.00 1.998 3.992 2.00 11.00 1.198 0.125 0.06
household

Number of floors in the 1.21 1.00 0.447 0.200 1.00 3.00 1.927 0.125 0.07
household

Monthly family income/ LYD/ 2524.1  2000.0 1931.0 3,729,611 300.0 15,000.0 2.415 8.429 0.14
household month

Household type % Houses (77%) Apartments (23%)

Where No: number, hh: household, LYD: (LYD, Libyan Dinar).

Table B2 Summary of water end—uses parameters for surveyed households (380 households).

Confidence
Std. interval
End-use Parameter Unit Mean Median deviation Variance Minimum Maximum Skewness Kurtosis (95%)
Bath Frequency of bath per capita per day bath/  0.08  0.00 0.12 0.02 0.00 0.57 1.61 1.87 0.28
p/d
Volume of water use in each bath  I/bath  169.0 180.0 41.53 1725.0 0.00 220.0 —-0.84 0.88 0.08
Shower Frequency of showering per capita  shw/p/ 0.66  0.57 0.32 0.10 0.14 2.00 1.16 239 0.09
per day d
Duration of each shower min/ 16.61 12,50 10.16 103.23 1.50 55.0 1.70 3.10 0.12
shw
Flow rate I/min 4.36 4.00 1.53 234 1.50 8.00 0.33 —0.75 0.07
Hand wash Frequency of using taps per capita  tpu/p/ 6.87  6.00 233 543 2.00 18.0 0.91 1.29 0.07
basin taps per day d
Duration of tap use min/ 5.00 5.00 1.24 1.55 2.00 10.0 0.89 234 0.05
tpu
Flow rate I/min 249  2.00 1.01 1.00 0.50 6.00 1.00 1.1 0.08
Toilet flushing ~ Frequency of toilet use per capita ~ fl/p/d  6.19  6.00 2.18 4.75 3.00 16.0 1.14 1.71 0.07
per day
Water use in each flush I 8.07 7.00 2.66 7.09 1.00 15.0 0.13 0.69 0.06
Cooking Frequency of running water for cok/d 297  3.00 0.35 0.13 1.00 4.00 —-0.80 6.83 0.02
cooking
Volume of water per each cooking  I/cook/ 4.23  4.00 0.99 0.98 2.00 8/00 0.38 0.87 0.05
p
Dish washing Frequency of washing dishes perday wsh/d 3.10  3.00 1.34 1.79 0.00 6.00 -0.73 0.58 0.08
manually Duration of running water in each ~ min/ 8.14 8.0 3.94 15.53 0.00 27.50 0.03 1.50 0.09
wash wsh
Flow rate I/min 2.88 3.00 1.38 1.91 0.00 6.00 -0.27 0.20 0.09
Dish washing Frequency of washing dishes by wsh/d 024  0.00 0.63 0.40 0.00 3.00 2.81 7.24 0.19
machine machine per day
Volume of water per washing load  1/wsl 14.98 15.00 5.54 30.69 0.00 30.0 1.08 2.66 0.16

(Continued)



944 I. ALHARSHA ET AL.

Table B2 (Continued).

Confidence
Std. interval
End-use Parameter Unit Mean Median deviation Variance Minimum Maximum Skewness Kurtosis (95%)
Laundry Frequency of laundry manually wsh/d 006  0.00 0.15 0.02 0.00 0.86 2,50 5.78 0.40
manually per day
Duration of each wash min/ 3.02 0.00 7.86 61.72 0.00 50.0 2.87 8.21 0.42
wsh
Flow rate I/min 0.82  0.00 1.93 372 0.00 7.00 2.10 2.80 0.38
Laundry Frequency of laundry per day wsh/d 079 086 0.30 0.09 0.14 1.70 -0.23 -0.10 0.07
machine Volume of water per washing load ~ l/wsl 7211 63.0 26.55 703.1 43.0 204.0 1.59 4.86 0.07
Kitchens Frequency of kitchens washing wsh/d 024 0.4 0.13 0.02 0.00 0.57 0.97 0.27 0.10
washing per day
Duration of each wash min/p/ 10.00  8.00 6.30 39.72 2.00 30.0 1.14 0.62 0.12
d
Flow rate I/min 243 2.00 1.14 131 0.00 6.00 0.64 0.32 0.09
Rooms washing Frequency of rooms washing per day wsh/d ~ 0.17  0.14 0.10 0.01 0.00 0.57 1.72 457 0.12
Duration of each wash min/p/  11.10  10.00 6.61 43.74 0.00 375 0.60 0.46 0.1
wsh
Flow rate I/min 1.54 1.25 1.15 1.31 0.00 6.00 1.08 1.23 0.14
Toilets washing  Frequency of toilets washing per day wsh/d ~ 1.83  2.00 0.83 0.69 1.00 4.00 0.61 —-0.58 0.09
Duration of each wash min/p/ 558  6.00 2.28 5.20 2.00 20.0 1.07 3.40 0.08
wsh
Flow rate I/min 3.13 3.00 1.00 0.99 1.40 6.00 0.71 0.15 0.06
Vehicle washing Frequency of vehicles washing wsh/d 004  0.00 0.07 0.01 0.00 0.29 1.48 1.40 0.29
per day
Duration of each wash min/ 574  0.00 10.22 104.42 0.00 45.0 1.55 1.14 0.30
wsh
Flow rate I/min 1.16 0.00 2.01 4.06 0.00 8.00 1.44 0.74 0.30
Swimming pool Frequency of filling swimming pool No./d 0.00  0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
per day
Volume of water provided to fill the m> 0.00  0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
swimming pool
Garden Frequency of garden watering wtr/d  0.14  0.00 0.18 0.03 0.00 0.86 1.02 0.02 0.23
watering per day
Duration of each watering min/ 10.99 0.00 15.96 254.50 0.00 87.5 1.59 2.38 0.26
wtr
Flow rate I/min 1.91 0.00 2.36 5.57 0.00 8.00 0.73 -0.89 0.22

Note: L = liter, p = person, d = day, min = minute, shw = shower, tpu = tap use, fl = flushes, wsh = washes, wsl = washing load, wtr = watering, cok = cooking.
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