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Abstract 

Water consumption rate is a key factor in water supply and wastewater 
systems. Previous studies have identified socioeconomic, demographic, 
building, and behavioral factors influencing household water 
consumption. In this study, building type—classified as small, semi-
luxury, luxury houses, and apartments—is the focus. Annual household 
water consumption data were collected from 275 households across six 
regions of Tripoli. Descriptive statistics were used to analyze the data 
distribution, while hypothesis testing was used to evaluate differences 
among building categories. The results revealed no significant differences 
in domestic water usage between small-house groups and semi-luxury-
house groups, with p-values of 0.396 and 0.998, respectively. However, 
notable differences in water consumption were observed between small 
houses and luxury houses, as well as between small houses and 
apartments. Furthermore, there were no significant differences in the 
average water consumption between spring and annual measurements for 
small and semi-luxury houses. The study concludes that household water 
consumption is associated with building type and construction 
characteristics and can serve as a useful measure of domestic water use. It 
also suggests that the measurement of consumption could be conducted 
effectively during the warm season to approximate annual averages.

 

1. Introduction  

The water consumption rate is one of the most complicated and essential challenges for water 
and environmental engineers. It is the first step in planning water and wastewater transfer 
facilities, water and wastewater treatment plants, water supply networks, and wastewater 
collection systems. Determining and managing the water usage rate, along with its influencing 
factors, is considered the primary goal of many water research centers and institutions. 

Generally, water uses are classified into three categories: urban, industrial, and agricultural. 
Urban water uses include domestic, commercial, institutional, and public services. Domestic 
water use in the USA accounts for approximately 56-60% of urban water use (Matthew, 2011), 
which is categorized into indoor and outdoor uses, further divided into personal and shared 
uses. The personal water use accounts for approximately 35-40% of household water 
consumption, while shared water accounts for approximately 60-65% of the domestic water 
use (Inskeep & Attari, 2014). Shared uses include activities that do not depend directly on 
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household size, such as outdoor activities, house cleaning, toilet flushing, and water system 
leaks.  

The domestic water usage rate can be expressed as household consumption within a specific 
period, which refers to the amount of water used by the whole family or a single-unit building 
per unit time (Crouch et al., 2021).  Additionally, domestic water usage can be expressed as 
per capita consumption, which indicates the average amount of water consumed per 
household member. To calculate the per capita consumption rate, q, divide the total household 
water consumption rate by the number of household members, as shown in Eq. (1).  

 
𝑞 =

𝑄

𝑛
=

𝑉

𝑛. ∆𝑡
 (1) 

where: 

𝑄 is the total household consumption rate over the specified period, 

𝑉 is the total volume of water consumed by the household during the time interval ∆𝑡, 

𝑛 is the number of household members. 

Water consumption varies throughout the day and year in response to factors such as holidays 
and seasonal conditions, generally increasing during hot weather and decreasing during cold 
weather. Accordingly, water consumption may be expressed as average hourly consumption 
or average daily consumption over a week, month, or year. For these reasons, the average 
daily water consumption is measured as an annual average to account for seasonal changes 
(Vonk et al., 2019). 

Based on water-use classifications and their corresponding definitions, studies of influencing 
factors have followed similar classifications. For domestic water consumption, socioeconomic, 
demographic, and building characteristics are considered influential factors (Hussien et al., 
2016; Cruz et al., 2017; Sant’Ana & Mazzega, 2018). Voskamp et al. (2020) identified the 
cultural, economic, technological, infrastructural, and resource characteristics as influencing 
factors. Hussien et al. (2016) identified family size, monthly income, and building area as 
primary factors influencing domestic water consumption. 

In addition to the previously mentioned classifications of influencing factors, factors can be 
classified by the type of their relationship, which can be direct or inverse. The literature notes 
that certain factors influence per capita consumption both positively and negatively, such as 
the number of family members. Dias et al. (2018) reported that small families have higher 
average daily per capita water consumption than large families, although large families have 
higher daily household consumption. Grespan et al. (2022) found that building type 
significantly affects water consumption, with cluster houses and one-story houses having 
lower water consumption than two-story houses. 

The study aims to statistically examine the relationship between house type and the average 
annual household water use. If a significant relationship exists between building type and 
average water consumption, building type may provide a useful basis for estimating domestic 
water demand in new or unmonitored water supply systems. Additionally, it will statistically 
examine the annual and spring averages in the same regions of Tripoli city under relatively 
stable climatic conditions. These findings suggest that a three-month spring monitoring period 
may adequately represent annual consumption for similar settings. 

2. Methodology 

To achieve the research aims, a set of random samples should be taken, given that these 
samples represent the differences within the communities. To obtain an accurate result from 
any experiment, the sample size should be large enough to capture the variables, especially in 
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modeling. Some literature recommends that the sample size be larger than 30 to obtain 
accurate results (Sekaran & Bougie, 2016). Ramezan et al. (2021) mentioned that the accuracy 
of a random sample can reach 94.7% with a sample size of 40. 

For these reasons, since Tripoli city has a large area, the area was divided into six different 
regions, with each region located at a considerable distance from others. The sample size for 
each region ranged from approximately 25 to 50 households, with a total of 275 households. 
Also, the study considered the family income differences as a building type, where the data 
samples include four types of buildings: small houses, semi-luxury houses, luxury houses, and 
apartments. The study includes one group of luxury houses (Group A), two groups of semi-
luxury houses (Groups B and C), two groups of small houses (Groups D and E), and a group 
of apartments (Group F). This type of house can also indicate family income, a key factor in 
water consumption. Since water consumption varies throughout the month and the year, 
annual household water consumption data covering three years were obtained from local 
municipal water offices. These records were based on existing water meters installed in the 
buildings, and no additional flow meters were required for the study. As a result, the samples 
considered the differences in demographics, infrastructure, building characteristics, income 
levels, and seasonal factors. 

The small house is defined as a simple one-story building with a building area of 100 -120 m2, 
and an outdoor area of less than 10𝑚2. These houses are generally located in densely 
populated, low-income neighborhoods. Semi-luxury houses typically have one or two floors, 
a floor area of up to 180𝑚2, and an outdoor area of up to 30𝑚2. They are generally located in 
medium-density residential neighborhoods and occupied by middle-income households. 
Luxury houses typically have a larger area and garden and often include luxury features such 
as a bathtub. They may also include a jacuzzi or a swimming pool.  

After completing the data collection stage, the data needs were classified, and various tests, 
such as descriptive statistics, should be conducted to identify and address outliers. 
Additionally, the normality of data distribution should be checked graphically or analytically 
to determine which tests are appropriate for the data. Finally, to determine if the building type 
influences water consumption, hypothesis tests were conducted among the six groups, with 
the null hypothesis that there is no difference between the means of each group and the others, 
as shown in Eq. (2). If the null hypothesis is not rejected, there is no difference between the 
groups; if it is rejected, a difference between the means is found, as shown in Eq. (3). 

 𝐻𝑜: 𝜇1 − 𝜇2 = 0 (2) 

 𝐻𝐴: 𝜇1 − 𝜇2 ≠ 0 (3) 

To accept or reject a hypothesis test, specific steps must be followed to determine the 
appropriate type of test to use and to calculate the comparison limit and its associated 
probability, with the latter depending on the normality of the data distribution. Assessing the 
normality of the data distribution can be done visually, using methods such as histograms or 
Normal Q-Q plots, or analytically by examining skewness and kurtosis or by employing the 
Shapiro-Wilk Test (Khatun, 2021).  

For the Shapiro-Wilk test, a p-value greater than 0.05 indicates insufficient evidence to reject 
the assumption of normality. Standardized skewness and kurtosis value may also be examined 
separately (Khatun, 2021). 

In cases where the data are normally distributed, but the population means and variances are 
unknown, and the sample size does not meet the conditions for a z-test, the t-test is used. The 
t-test statistic (T) should be compared with the critical value from the t-distribution table (t), 
along with the probability of acceptance. 
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Before testing the equality of group means, the equality of their variances should be assessed 
using an F-test. If equal variances can be assumed, the pooled-variance t-test is applied as 
follows: 

 
𝑇 =

𝑥̅1 − 𝑥̅2 − 𝛿

𝑆𝑝√
1

𝑛1
+

1
𝑛2

 
(4) 

where 

 𝑆𝑝
2 =

(𝑛1 − 1)𝑠1
2 + (𝑛2 − 1)𝑠2

2

𝑛1 + 𝑛2 − 2
  

If the group variances are unequal, Welch’s t-test is used instead (Montgomery & Runger, 
2006): 

 
𝑇 =

𝑥̅1 − 𝑥̅2 − 𝛿

√
𝑠1

2

𝑛1
+

𝑠2
2

𝑛2

 
(5) 

Here, 𝑥̅1 and 𝑥̅2 denote the sample means, 𝑠1
2 and 𝑠2

2 represent the sample variances, 𝑛1 and 𝑛2 
indicate the sample sizes, 𝑆𝑝 is the pooled standard deviation, and 𝛿 is the hypothesized 

difference between the population means. The resulting p-value ranges from 0 to 1, with 
smaller values indicating stronger evidence against the null hypothesis of equal means. 

The t-test relies on sample variances rather than population variances. A two-tailed 
independent-samples t-test assuming unequal variances was conducted at the 95% confidence 
level to determine whether the mean water consumption differed between the groups. 
Statistical analyses were performed using the Statistical Package for the Social Sciences (SPSS), 
version 22, and selected graphs were generated using the Datatab website, which offers better 
data visualization tools. 

3. Results 

The second stage, after data collection, is data classification and treatment. The raw data were 
presented in box plots to provide a general view of its statistical properties and to identify any 
outliers. Figure 1 illustrates the distribution of the raw data. As can be seen, Groups A, B, and 
E have extreme outliers. When the sample size was sufficiently large, outliers were removed. 
When the sample size was insufficient, outliers were replaced with the mode (Mark & 
Workman, 2018). The histogram of the data for groups A and B is illustrated in   Figure 2. 

The normality of the water-use data was assessed visually and analytically. In addition to the 
histograms shown in Figure 2, the normal Q-Q plots for Groups A and B, presented as 
representative examples, are presented in Figure 3. The analytical normality calculation, along 
with other basic statistical results for the sample groups, is tabulated in Table 1. 

Hypothesis tests were conducted between each pair of groups, and the p-values obtained from 
pairwise comparisons of group means are tabulated in Table 2. For the two-tailed tests, 
statistical significance was assessed at the 0.05 level. The null hypothesis was rejected when 
𝑝 < 0.05.  
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Figure 1. Box plot of household water use as raw data 

 

 
Figure 2. Histograms of household water consumption in Groups A & B after data treatment  

 

 
Figure 3. Normal Q-Q plots of household water consumption in Groups A and B after data 

treatment 
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Table 1. Basic descriptive statistics for the sample groups 

 Group A Group B Group C Group D Group E Group F 

Mean 2.683 1.438 1.437 1.141 1.208 0.724 

Median 2.800 1.400 1.491 1.100 1.196 0.700 

Mode 3.000 1.400 1.600 1.000 0.900 0.700 

Standard deviation ±1.076 ±0.272 ±0.401 ±0.344 ±0.336 ±0.324 

95% confidence interval  0.359 0.075 0.169 0.0819 0.136 0.0884 

Skewness -0.029 -0.046 -0.222 0.201 0.041 0.090 

Kurtosis -0.478 -0.561 -0.157 -0.707 -0.615 -0.764 

Skewness/std. error -0.075 -0.141 -0.47 0.700 0.09 0.277 

Kurtosis/ std. error -0.630 -0.871 -0.171 -1.249 -0.693 -1.196 

Shapiro-Wilk p-value 0.837 0.764 0.918 0.209 0.887 0.404 

 

Table 2. P-values from the pairwise hypothesis tests 

 Group A Group B Group C Group D Group E Group F 

Group A 1          

Group B 3.0 E-08 1        

Group C 5.3 E-08 0.9976* 1      

Group D 1.7 E-10 4.7 E-07 0.002703 1    

Group E 6.4 E-10 0.0042 0.0345 0.3959* 1  

Group F 1.7 E-13 5.1 E-22 3.7 E-09 2.5 E-10 1.7 E-07 1 

         * Nonsignificant difference between group means at the 0.05 significance level. 

4. Discussion 

As shown in Figures 2 and 3, the histograms and Q–Q plots indicated approximately normal 
distributions. This finding was supported by the Shapiro–Wilk test results presented in Table 
1, with p-values ranging from 0.209 to 0.918, all exceeding 0.05. In addition, the standardized 
skewness and kurtosis values ranged from -1.249 to 0.918, which is also within ±1.96. So, the 
data can be considered normally distributed.  

By examining the results for groups B and C, both representing semi-luxury house types, we 
observe a slight difference in their means: 1.438𝑚3/𝑑𝑎𝑦 and 1.437𝑚3/𝑑𝑎𝑦, respectively. The 
variances were 0.0742 and 0.1607(𝑚3/𝑑𝑎𝑦)2, respectively. The results of the hypothesis test 
indicate a significant difference in variance; therefore, an unequal variance t-test was 
conducted. The null hypothesis, which posited that there is no difference between the means 
of groups B and C, was not rejected, as the two-tailed p-value was 0.9976 with a high level of 
confidence. Additionally, the critical t-value at the 95% confidence level was 2.034, while the 
calculated t-statistic was 0.003. This suggests that the two groups did not differ significantly 
in their mean water consumption and are influenced by similar factors regarding water 
consumption, one of which is building type. 

A similar result was found in another type of house associated with groups D and E. The 
means for these groups were 1.141𝑚3/𝑑𝑎𝑦 and 1.208𝑚3/𝑑𝑎𝑦, which are very close to each 
other. An F-test was conducted on the variances, and it showed no significant differences. 
Additionally, an equal-variance t-test was used to test the null hypothesis. As a result of the t-
test, the acceptance probability for no difference in the means was 𝑝(𝑇 ≤  𝑡)  =  0.3959. The 
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standard t-value with confidence level 95% was 2.013, while the calculated t-value was 0.857, 
indicating that the two groups share the same average and some other consumption 
characteristics. This finding is consistent with Grespan et al. (2022), who reported that building 
type and floor area significantly affect water consumption. Also, Villarín (2019) reported that 
building characteristics, such as floor area, influence residential water consumption.  

Another important finding is that the comparison between Groups C and E yielded a p-value 
of 0.0345. Because this value is below 0.05, the null hypothesis of equal means was rejected 
because the standard t-value was 2.014, while the state T-value was 2.181 (𝑇 > 𝑡), leading to 
rejection of the null hypothesis. 

Additionally, the null hypothesis of equal means was rejected for the comparison between 
Groups B and E with a p-value of 𝑝(𝑇 ≤ 𝑡) = 0.0042. The reason could be that group C has a 
higher variance than group B, with variances of 0.161 and 0.074𝑚3/𝑑𝑎𝑦, respectively. The high 
variance in group C may lead to an overlapping range of C values with another group, which 
does not occur for group B. 

By comparing the results with another study, the spring mean for small houses in Tripoli city 
was found to be 1.12 ±  0.44 𝑚3/𝑑𝑎𝑦  (Alseid, 2018). A hypothesis test was conducted to 
determine whether there was a difference between the spring mean for small houses and the 
mean for group D. The null hypothesis, which stated that there is no difference, was accepted 
using an unequal-variance t-test, with a p-value of 𝑝(𝑇 ≤  𝑡) = 0.793. Additionally, the mean 
of group E was compared to the spring mean using an equal-variance t-test, which also 
resulted in acceptance of the null hypothesis at the 95% confidence level, with a  p-value of 
𝑝(𝑇 ≤ 𝑡) = 0.309. This indicates that there is no significant difference between the spring 
means and the annual means for small houses. 

Additionally, the spring mean for semi-luxury houses in Tripoli city was recorded at 1.318 ±
0.41 𝑚3/𝑑𝑎𝑦 (Alseid, 2018). The null hypothesis, which stated that there was no difference 
between the spring mean and the mean for Group B, was accepted at a p-value of 0.0507 from 
an unequal-variance t-test. For Group C, the acceptance probability, determined by using an 
equal-variance t-test with confidence level 95%, was 𝑝(𝑇 ≤ 𝑡) = 0.216. Additionally, the 
acceptance probabilities for the spring mean differed from those of Groups B and C, likely due 
to differences in their standard deviations. In conclusion, there is no significant difference 
between the spring means and the annual means for semi-luxury houses. 

5. Conclusions & Recommendations 

The study examined the effect of building type on average annual household water 
consumption. The data on household consumption were collected across various regions, and 
descriptive statistics and statistical analyses were conducted to compare statistical parameters 
and differences in water consumption between house types. The water consumption was 
1.141 and 1.208 𝑚3/𝑑𝑎𝑦 in the small houses, 1.438 and 1.437𝑚3/𝑑𝑎𝑦 in the semi-luxury 
houses, 2.683𝑚3/𝑑𝑎𝑦 in the luxury houses, and 0.724𝑚3/𝑑𝑎𝑦 in the apartments. 

The normality check for the data groups was accepted for all groups, with p-values ranging 
from 0.209 to 0.918 in the Shapiro-Wilk test. Also, the results for skewness and kurtosis, after 
dividing by their standard deviations, were -1.249 and 0.918, which are within the accepted 
range for normally distributed data. Using statistical tests, the t-tests revealed no significant 
differences between the two small-house groups (p=0.396) or between the two semi-luxury-
house groups (p=0.998) with confidence level 95%, respectively. These findings indicate that 
mean water consumption was consistent between groups within the same housing category. 

Additionally, the study’s annual average was statistically compared with another study 
conducted in the spring, which is expressed as the spring average. The hypothesis was 
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accepted, with a probability range of 0.0507 to 0.793 with confidence level 95%, indicating no 
significant difference between the spring average and the annual average, meaning they are 
approximately the same. This result is helpful for water consumption studies, as it suggests 
that water consumption and its influencing factors could be studied in spring rather than over 
the whole year, which is a long period. 

Future research directions include: 

1. Reexamine the relationship between annual household water consumption and 
building type, as well as the relationship between spring and annual consumption, 
across different communities and climatic conditions.  

2. Compare household-level and per capita water consumption rates and assess whether 
household consumption can serve as an alternative indicator of domestic water 
demand.    
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