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Abstract: Understanding the residential end uses of water is helpful for the sustainable management
of water resources and the implementation of water conservation strategies. In this study, over
one hundred studies were systematically reviewed to provide a comprehensive overview of the
state-of-the-art research on end-use water consumption. Each study was reviewed, clustered, and
subjected to a multilevel analysis aimed at quantitatively comparing the characteristics of the end
uses of water available in the literature. The findings of this work support water utilities, researchers,
policy makers, and consumers in identifying the key aspects of water end uses and exploring their
main features across different geographical, socioeconomic, and cultural regions of the world.

Keywords: residential water consumption; end uses of water; multilevel analysis; end-use parameters;
statistical distribution

1. Introduction

The growing population and urbanization are hampering water security in urban
areas, with the effects of climate change further compounding water shortages [1]. Accurate
estimations of water consumption are essential for identifying effective water supply and
demand management strategies and ensure urban water systems’ capability to cope with
changing water demand and availability [2]. With the growing interest in water demand,
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many studies have been conducted to investigate the characteristics of residential water
consumption on different spatiotemporal scales [3]. Thanks to the introduction of smart
meters and paired technology, increasing attention has recently been devoted to the analysis
of water consumption characteristics at fine spatiotemporal resolutions, i.e., at the end-use
scale (e.g., shower, toilet, tap) and with sampling frequencies of up to 1 s [4].

Taking a cue from recent research [5], this paper provides a brief overview of the state-
of-art research on the residential end uses of water. Over one hundred studies conducted
globally were reviewed, clustered, and subjected to a multilevel analysis including a
quantitative discussion of the most widespread metrics available in the literature for the
characterization of the residential end uses of water.

2. Materials and Methods
2.1. Literature Review and Water End-Use Database (EUD) Clustering

A systematic search of peer-reviewed journal papers, water utility reports, and other
grey literature material (theses, research projects, presentations) was preliminarily carried
out to explore the current state of the research on residential water consumption at the
end-use level. The final materials retained for the following analysis include a total of
114 studies presenting or analyzing residential water consumption data at the end-use level
(residential end-use studies, REUSs) and 66 different related end-use databases (EUDs).

EUDs were first reviewed and clustered based on (1) location; (2) period; (3) temporal
data resolution (if available); and (4) approach adopted to obtain end-use data (i.e. end-use
data source). To standardize the analysis, EUDs were clustered based on the information
reported in their related REUSs, as most EUDs were not publicly available.

2.2. EUD Comparison through Multilevel Analysis

Clustered EUDs were systematically compared by applying a multilevel analysis
aimed at exploring the characteristics of end-use water consumption from several points
of view, discovering similarities and differences among EUDs. The multilevel analysis
included investigation at three key levels: (Level 1) daily per capita average end-use
water consumption (liters per person per day, L/p/d); (Level 2) average values of end-use
parameters such as volume per use (L/use), duration per use (min/use), flow rate per use
(L/min), and daily per capita frequency of use (uses/p/d); and (Level 3) end-use daily
profiles (i.e., standardized daily distributions of end-use water consumption).

Overall, the following end-use categories of indoor residential water consumption
were considered in the analyses: dishwasher (D), washing machine (W), shower (S), bathtub
(B), toilet flusher (F), and tap (T).

3. Results and Discussion
3.1. EUD Clustering

The results of EUD clustering in Figure 1 show that (1) REUSs have been conducted
across all five continents, but mainly in the Americas, Europe, and Oceania (Figure 1a),
revealing a linkage between the number of EUDs and the level of water-utility digitalization;
(2) the majority of REUSs have been carried out since the 2000s (Figure 1b) because of the
diffusion of smart metering technologies, whereas developing countries have undergone
REUSs only in the last fifteen years; (3) different temporal data resolutions are observed, but
most EUDs have relied on data collected with very fine resolution (i.e., 1-10 s; Figure 1c),
which generally allowed end-use disaggregation and classification to be performed with
acceptable accuracy; and (4) end-use disaggregation and classification methods have been
the most-adopted techniques to obtain end-use data (Figure 1d), but a relevant number of
EUDs were created through direct measurements (i.e., by installing water meter for each
end use) or through interactions with the users (e.g., surveys and questionnaires aimed at
collecting information about end-use water consumption).
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Figure 1. EUD clustering results based on (a) location; (b) period; (c) temporal data resolution; and
(d) end-use data source.

3.2. EUD Comparison through Multilevel Analysis

End-use water consumption

The results of the EUD multi-level analysis revealed that

The average daily per capita water consumption data (Level 1) are reported in the
literature for at least one end-use category in about 80% of EUDs. Overall, the highest
values are related to showers (44 L/p/d), toilets (38 L/p/d), and taps (33 L/p/d),
followed by washing machines (29 L/p/d), bathtubs (10 L/p/d), and dishwashers
(83 L/p/d), as shown in Figure 2a. This finding suggests that most indoor residential
water consumption is primarily tied to the use of water for personal hygiene.

The average values of end-use parameters (Level 2) are available for at least one
end-use category in nearly 70% of EUDs. The analysis (Figure 2b) revealed that, on
average, the largest volumes per use are related to bathtubs, washing machines, and
showers (106, 93, and 63 L/ use, respectively), which also were used for the longest
durations (i.e., 7.8, 7.5, and 8.2 min/use) and had the greatest flow rates (13.1, 10.3,
and 8.1 L/min). Additionally, the frequencies of use range from a minimum of about
0.1 uses/p/d in the case of bathtubs (which are typically used only occasionally) to a
maximum of about 5 in the case of toilets and 17 uses/p/d in the case of taps.

Daily end-use profiles (Level 3) are available for about 30% of EUDs. Overall, different
daily patterns emerge based on the end use (Figure 2c). On average, smaller daily
fluctuations are observed in the case of toilets and taps—which are typically used
almost constantly during the day—whereas more heterogeneous profiles emerge for
other end uses. This finding is mainly evident in the case of showers and bathtubs
(which are mostly used in the early morning and evening) but also dishwashers (which
are generally activated after mealtimes) and washing machines (their average profile
is characterized by a single peak in the morning).

(b) End-use parameter values Daily end-use profiles
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Figure 2. Multilevel analysis results: (a) daily per capita average end-use water consumption (Level 1);
(b) end-use parameters (average values) (Level 2); and (c) daily end-use profiles (Level 3).
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4. Conclusions

A comprehensive overview of the state-of-the-art research in the field of residential
water consumption at the end-use level was presented.

The analyses revealed that the literature is rich in studies evaluating daily per capita av-
erage end-use water consumption and the average values of end-use parameters (Levels 1-2),
whereas fewer studies have investigated daily water end-use profiles (Level 3).

The numerical findings of this study can support water utilities, practitioners, water
consumers, and researchers in (1) gaining knowledge about the main features of the
residential end uses of water across different contexts worldwide; (2) developing and
validating water demand models, end-use disaggregation and classification methods,
and water conservation technologies; and (3) introducing strategies for the more efficient
management of water resources and the more sustainable use of water.
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