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This study examines the impact of infrastructure and residents’ Received 13 March 2019
water usage patterns (internal factors) and climate (external factor) Accepted 27 September 2020
on household water consumption. Through quantitative informa- KEYWORDS

tion from the service provider and qualitative data from 900 surveys Water consumption;

in three areas with different socio-economic levels (high, middle residential infrastructure;
and low) in the Lima metropolitan area, an average user profile is water usage patterns; Lima
determined for each area. The results are further assessed and metropolitan area; Peru
compared to establish the impact of internal and external factors

on water consumption. These results help in establishing water

handling policies and developing residential infrastructure design

for efficient and sustainable use of water.

Introduction

Peru ranks 17th among countries in freshwater scarcity for the urban population (FAO,
2016), and severe water stress is foreseen by 2040 (Luo et al., 2015), especially in several
fast-growing desert and semi-desert megacities, such as Lima (Biswas et al., 2004).
Moreover, due to climate change, water is already scarce, and the growing population
is increasing demand (United Nations Human Settlements Programme, 2011), causing a
crisis in the city’s water system, especially in densely populated lower-income districts
(World Bank Group, 2016).

According to the World Health Organization, 100 litres of water per day are needed to
optimally meet an individual’s basic needs (Howard et al., 2003). Considerable inequality
in resource use exists in the Lima metropolitan area. According to local water service
provider records, in some wealthier districts the consumption ranges from 260 to 445
litres per person per day, while in in lower-income districts it is from 16 to 41 litres per
person per day (AQUAFONDO et al., 2016; SEDAPAL, 2017).

External and internal factors affect household water consumption. External factors such
as climate, price, public policies and population growth tend to be indirect and cannot be
controlled by the user. However, internal factors like dwelling type, devices, number of
household members, and lifestyle directly impact and are controlled by the user. Moreover,
these factors imply water usage patterns and infrastructure, which constitute the differences
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in water consumption in various districts. Although the external factors influence the
internal ones, this research prioritizes the analysis of internal factors because they are
directly related to the user.

The internal factors, represented by people’s consumption patterns or lifestyle, affect
the consumption of safe drinking water (Sanchez Garcia & Blanco Jiménez, 2012); the
variables that influence the consumption patterns will be discussed later in the article.
Defining consumer behaviour concerning water use helps in making relevant decisions
for the implementation of systems aimed at reducing use of the resource (Shan et al,,
2015). Infrastructure also affects water consumption. In urban areas, particularly in the
residential sector, the implementation of water management policies and the promotion
of appropriate infrastructure for the resources’ efficient and sustainable use are needed.
This is because, besides aligning with Sustainable Development Goals 6 and 11, they
benefit both entities and users (Manco et al., 2012).

There is an information gap regarding the relationship between house infrastructure
and water consumption in Peru, where an initial code for water efficiency exists, but is
not obligatory." Although data on water consumption in districts in the Lima metropo-
litan area are available, no database exists on the water use patterns and the impact of
infrastructure on water consumption. This limits proposals for water conservation
solutions based on local data.

Through the collection of quantitative and qualitative data from three districts in the
Lima metropolitan area, this research determines an average user profile considering three
socio-economic levels and subsequently establishes the impact of internal and external
factors on water consumption in each case. The first section of this article outlines the
research objective and its justification in addition to summarizing the water situation in
Lima. The next section reviews the literature on factors influencing water consumption
and classifies the reviewed variables. The third section reviews our primary methodology,
and the fourth presents the results. The last section discusses the interpretation of the
results and provides recommendations in accordance with the case studies.

Literature review
Water resources in the Lima metropolitan area

Peru contains approximately 5% of the world’s freshwater, with about 74,000 m> per
person per year (Comité Nacional del Libro Azul para el Pert, 2016, p. 36).> In 2008, of
the total amount of extracted water, 88.7% was used for agricultural purposes, 9.2% for
municipal use, and 2.1% for industrial use (including 1.1% for mining). Furthermore,
75% of the population lives in the urban area. Although 26.2 million residents have a
water connection, 4.2 million do not and need to get water by other means (p. 52).
Lima gets almost no rain (7.7 mm/y).” Of the national population, 35% live in this city,
which has 9,900,000 inhabitants and an average population density of 3,300 per km* (INEI,
2015). Lima has three basins, with a total water supply of 36.6 m*/s (Comité Nacional del Libro
Azul para el Pert, 2016, p. 39).* This resulted in unmet water demand of 3.25 m/s in 2013 and
3.33 m’/s in 2015 (AQUAFONDO et al., 2016), as well as a gap in the service between the
central areas, covered by 92%, and the peri-urban areas by 50%, wherein 33% of the popula-
tion lives in extreme poverty and is supplied water through tanker trucks (Kamiche, 2012).” In
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other words, 1.5 million citizens do not have secure access to drinking water (INEI, 2016). In
addition, the drinking water network is in disrepair, with losses from leakage due to an old
piping system, low maintenance and illegal connections. The losses amount to more than 36%
of the processed and treated water supply (SWITCH, 2011), which is close to the average in
Latin America (38%); where the maximum is 51% in Costa Rica and the minimum 34% in
Argentina (Lentini, 2015).

Internal and external factors affecting household water consumption

The factors affecting water consumption, and its various components, are mentioned and
classified through different approaches in the literature. Figure 1 illustrates these factors
based on the criteria adopted for this research, with climate as the external factor, and
further examines the internal aspects in detail.

Internal factors

Internal factors include usage patterns and infrastructure. Usage patterns include social,
economic and cultural aspects, whereas infrastructure involves the dwelling type, tech-
nology of existent devices, and consumption related to the rooms where the service is
used (kitchen, laundry, and sanitary facilities).

SOCIAL
(number of inhabitants/age/sex/period)

(income level)
CULTURAL
(level of education/environmental values)

HOUSEHOLD CHARACTERISTICS

m INTERNAL §g
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Figure 1. Classification of the variables affecting household water consumption. The coloured areas
represent the aspects to be developed in this research. (Prepared by the author).
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Usage patterns

Usage patterns were classified into social, economic and cultural (Barberan & Salvador,
2010; Manco Silva et al,, 2012), and the location of some variables were reformulated
accordingly. Education and population characteristics (age, sex and number of house-
hold members) were included because of their potential to achieve important savings
(Lowe et al., 2015).

From the social perspective, the primary conditions for the consumption estimate
include number of household members (Cubillo et al., 2008), social stratum, education
(Manco et al., 2012), and active hours (Oliver & Briimmer, 2007). The most populous
strata are the most resource-consuming (Pefia-Guzman et al., 2016); thus, the greater
population density represents a change in household drinking water consumption
(Fercovic & Melo, 2010). Although more people in a household means greater consump-
tion, consumption per capita decreases (Barberan & Salvador, 2010; Ojeda-De la Cruz et
al., 2016). Fewer people per household means lower consumption (Rockaway et al.,
2011).

In terms of those occupying the household, the population can be floating or resident
(Sanchez Garcia & Blanco Jiménez, 2012) and of different sex or age ranges (Shan et al.,
2015). Also, consumption patterns relate to socio-demographic levels, and the amount
consumed per person is similar in many cases, especially among wealthier people
(Loureiro et al., 2006), enabling us to extrapolate values in similar districts.

Cultural factors are crucial in assessing water consumption behaviour and weigh-
ing the implementation (or not) of efficiency measures. These include variables such
as lifestyle, values, standards and social models, behaviour-related environmental
beliefs, and education, in addition to maintenance (drips and leaks) and manage-
ment (inspection frequency, reports, and speed of response) (Oliver & Briimmer,
2007), which are not included in the present research but are important to mention
for future studies. Environmental concern and education increase the adoption of
water-saving devices (Grafton et al., 2011) and influence the use, proper mainte-
nance and sound administration of infrastructure (Barberan & Salvador, 2010).°
Finally, the provision of disaggregated data on consumption helps minimize it (Shan
et al., 2015).

The economic factors include two internal components of the household economy:
purchasing power or income per capita (Sanchez Garcia & Blanco Jiménez, 2012) and
income level (Cubillo et al., 2008) or family budget (Durdn, 2015); however, this does not
include the water price (an external factor). Moreover, income and consumption should
be distinguished. On the one hand, Mainieri et al. (1997, as cited by Harlan et al., 2009)
mentioned that there are reasons to think that affluence might reduce water use, as
wealthier people live in newer, more efficient homes; on the other hand, a high family
income means bigger houses and larger green areas, leading to higher water consumption
(Rockaway et al., 2011), so there is a direct link between income and consumption (Shan
et al,, 2015).

Some authors mostly attribute this ratio to people’s resistance to changing their habits;
for example, although a high family income facilitates the purchase of smart devices, the
habit of doing laundry frequently reduces the potential savings (Shan et al., 2015). In
contrast, a low-income family may not be able to buy smart devices, but it may adopt
water-saving habits. Finally, high-income families have more stable consumption
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patterns and are less flexible with regard to price than low-income families (Grafton et al.,
2011).

Residential water use does not respond immediately to price variations, either. In
particular, water for essential uses (such as drinking, cooking and personal hygiene) is
expected to be highly inelastic because a large share of the consumed water depends on
durable equipment or on habits developed over time (Martinez-Espifieira & Nauges,
2004). To have the desired effect, pricing changes must be accompanied by changes in
regulations and awareness, as well as knowledge about consumers (Barrett, 2004). This
happened in Sidney in the late 1970s, as mentioned by Davies (cited in Lucas & Cordery,
2019).

According to Hurd (2006), public education and awareness can lead to significant
changes in consumer behaviour, but on the other hand, Gutzler and Nims (2005),
Hamilton (1983) and De Oliver (1999) found that higher-income families do not respond
as easily as lower-income households to educational conservation campaigns (all these
are cited by Harlan et al., 2009).

Infrastructure

Water consumption linked with infrastructure mostly depends on two central dwelling
features: size and sanitary infrastructure. The variables include type of house, size, age,
the presence of swimming pools and gardens, and the current type of water-saving
technology (Cubillo et al., 2008; Domene & Sauri, 2006; Shan et al., 2015).

In terms of dwelling features, the type of building (single-family home, multi-family
dwelling, condominium) and the housing density affect water consumption, as does
family size; consequently, certain economies of scale do not apply to small households
(Domene & Sauri, 2006). On average, a single-family home consumes 330 more litres of
water per day than a multi-family dwelling, mostly because they have green areas and
swimming pools (Cubillo et al., 2008). Also, the bigger the house, the more complex is the
adjustment to include new water-saving infrastructure (Rockaway et al., 2011), because
larger homes tend to have more rooms and more appliances to replace.

No consensus exists on whether water-saving technology (dual-flush toilets, efficient
bathroom fittings, pressure reducers, meters) reduces consumption (Oliver & Briimmer,
2007) and always results in lower water use (Grafton et al., 2011) or even increases it
(Freire-Gonzélez, 2019). The installation of meters benefits both the EPS” (up to 50%)
and the users (Silva et al., 2012), providing savings of 20% (Manco Silva et al., 2012).
Although meters raise awareness of water consumption, the biggest motivation, particu-
larly in low-income districts, is saving money (Shan et al., 2015; Lee et al., 2013; Sims et
al., 2013). However the implementation of water-saving technology is less frequent in
lower-income households (Clarke & Brown, 2006), and to be effective, additional mea-
sures such as taxation should be implemented (Freire-Gonzalez, 2019).

Authors have classified final water use into hydration, food, personal hygiene, table-
ware, laundry and drainage, among other categories, e.g., irrigation, car washing, and
leisure (Castillo-Avalos & Rovira-Pinto, 2013; Rockaway et al., 2011). Identifying water’s
final use helps us see where adjustments should be made to reduce consumption
(Manouseli et al., 2019).® For outdoor water, several passive technologies (limitation of
sidewalk washing or irrigation during peak hours) offer savings of 29%, and water-saving
modification tools save 9% (Otaki et al., 2011).
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External factors

Price

The price of water is an effective and highly influential external factor, one of the most
common mechanisms to reduce consumption (Durdn, 2015; Sanchez Garcia & Blanco
Jiménez, 2012; Grafton et al., 2011; Pefla-Guzman et al., 2016; Shan et al., 2015). But
some authors have concluded that consumption tends to be rigid in terms of price
(Domene & Sauri, 2006), while others have seen a negative relationship between price
and consumption (Grafton et al., 2011) or that small households adapt best to price
variation, reducing their consumption (Barberan & Salvador, 2010).

Climate

Three aspects should be considered in the context of climate: average rainfall, average
temperature, and the Palmer drought index (Rockaway et al., 2011) or relative humidity
(Manco Silva et al., 2012) - together referred to as ‘climatology’ (Sanchez Garcia &
Blanco Jiménez, 2012). More specific metrics include maximum temperature and the
number of rainy days (Barberan & Salvador, 2010). A close association exists among
temperature, rainfall, and residential water consumption per capita, with changing
patterns and higher consumption in the summer (Fercovic & Melo, 2010). This is
more true in low-density houses (probably owing to the presence of gardens) than in
mid- or high-density ones, whose consumption tends to be more stable throughout the
year (Domene & Sauri, 2006).

Policies

This variable includes laws and regulations, subsidies, water use reduction campaigns, or
any other aspect designed by the State or the service provider to affect household water
consumption.

Water saving strategy review

There is a need to focus on reducing demand (Adler, 2011). The strategies for saving
water mentioned most often in the reviewed literature were counted and classified into
four kinds: patterns, infrastructure, policy and price (Figure 2). Many authors have
proposed strategies related to the change in usage patterns and improved infrastructure,
while others have referred to price-related strategies and to the use of policy. Among the
pattern variables, education is widely mentioned (e.g., raising awareness of water saving).
In the infrastructure variable, the core strategy is the installation of meters (micro
measurement), followed by water-saving sanitary fittings. Regarding external variables,
the most often mentioned are higher prices, subsidies, and restricting use during peak
hours.

Methodology

The research was designed to provide information for studying the relation among con-
sumption, usage patterns, and infrastructure in three districts in the Lima metropolitan area
with different consumption profiles: high (San Isidro, 346 L per person per day), middle
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Figure 2. Water-saving strategies mentioned in the reviewed literature, prepared using information
from Abderrahman (2000), Araral and Wang (2013), Da-ping et al. (2011), Grafton et al. (2011), Koh
(2020), Lowe et al. (2015), Oliver and Briimmer (2007), Sanchez Garcia and Blanco Jiménez (2012),
Saurii (2003), and Tate (1989).

(Brena, 155 L per person per day) and low (Villa el Salvador, 70 L per person per day)
(SEDAPAL, 2017).These districts also have different socio-economic levels: high, middle and
low, respectively.’

As the first step, the internal and external variables to be assessed in the research were
selected as suggested by the reviewed literature. The influence of climate on annual
household water consumption was reviewed by considering the internal (patterns and
infrastructure) as well as the external aspects. Neither pricing nor public policy was
considered.

Next, quantitative and qualitative information was collected through different instru-
ments. Here, the quantitative information is annual data on water consumption per
house by district, provided by SEDAPAL. This refers to 100% of the billed water and does
not consider the losses in the system (on average 36% of the processed water).

To obtain qualitative data, door-to-door, in-person surveys, designed to be answered
by each head of household, were conducted by a pollster. To avoid subject bias, the survey
was presented as part of academic research. For greater objectivity, people were informed
that the data are confidential and that the survey would not reflect their particular case
but would be used to prepare statistics on the state of water use in the district; thus, there
were no correct or incorrect answers. Furthermore, to reduce social desirability bias, it
was clarified that no relationship existed with the government or the service provider.

The survey gathered information that enabled the understanding of the impact of
internal variables on water consumption. The fieldwork was conducted by the University
of Lima, with sample size of 900 dwellings, for a margin of error of +5%.'® Questions were
organized into four sections and classified into are two main internal variables: dwelling
features (infrastructure) and population characteristics (consumption patterns) (Table 1).

Surveys were designed following the internal and external variables previously
defined. Various studies were reviewed to develop each section of the survey,
identifying variables related to the features of the house and its residents, the cost
of water, consumption habits (Ojeda-De la Cruz et al., 2016), (Rajala & Katko,
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Table 1. Classification of questions into two variables. The way questions are grouped is stated below.
The question number is indicated in brackets. Prepared by the author.
Section 1: General information Address, type of housing, number of storeys

Section 2: Characteristics of the residents Socio-demographic data such as number of people living in the house,
occupation, income, and education

Section 3: Infrastructure Section 4: Usage patterns

Housing type (1.05) Water-saving devices (3.05)

Living area (m?) (1.07) Use/consumption of water — shower (4.01, 4.02)
Housing age (2.01) Use/consumption of water — toilet (4.03)

Room number and type (3.01) Use/consumption of water — kitchen (3.03)

Sanitary characteristics (no. of faucets, toilets, Use/consumption of water - laundry (3.03)
showers) (3.02)
Kitchen and laundry characteristics (faucet/  Use/consumption of water — garden (4.04)
dispenser/laundry) (3.03)
Area of garden (m?) (3.06, 3.07, 3.08) Use/consumption/water — swimming pool (3.11, 3.12)
Area of swimming pool (m?) (3.09, 3.10) Water-saving habits (4.05/4.06/4.07/4.08)
Number of people (2.03)
Number of families living in the property (2.02)
Habitation during the day (2.04)
Habitation during the night (2.05)

Other questions: Amount of last bill and payment method (2.06, 2.07)

2004), and the sanitary equipment’s frequency of use. The following were also
considered: the time factor (in water use and household members), the household’s
density, and its socio-economic profile (Cubillo et al., 2008; Domene & Sauri, 2006;
Gogiel, 2011; Gonzalez et al., 2008; Grafton et al.,, 2011; Loureiro et al., 2006; Borg
et al., 2013; Grafton et al., 2011; U.S. Geological Survey, 2004). Some surveys we
reviewed organized the collection of information by breaking down water use,
understanding the associated psychological issues, and assessing user behaviour
(Shan et al,, 2015). It is also worth including the month in which the survey was
conducted and comparing it with the annual consumption to detect variability in
consumption (Loureiro et al., 2006).

The indicators on infrastructure are directly quantifiable and measurable, whereas
several usage patterns are not, although they can be estimated or tabulated. Thus, for
the estimate of litres of water used by toilets, faucets, and equipment, international
consumption standards were used - in this case, those in the EDGE certification
(International Finance Corporation, 2017) - and multiplied by the number of people
living in each household. Consumption habits and attitudes to consumption were
classified into three groups according to their actions and their water-saving
methods. "'

In addition to a profile of each district, surveys were processed, and a summary sheet
was developed for each household, presenting the characteristics of the dwelling, users,
and consumption. These data facilitated analyzing how consumption was affected by
different variables. Thus, surveys were processed in a spreadsheet, the cases meeting the
variable were filtered, and consumption per variable was obtained.

Three supplementary consumption values were specified in each sheet. The first was
annual average water consumption from June 2016 to June 2017, by plot, from
SEDAPAL." The second and third values were based on the surveys and their qualitative
data. The second was information from the respondent on the size (in cubic metres) of
the household’s last water bill and was only used as a reference to establish users’
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Figure 3. Estimated versus quantitative consumption.

perception of consumption. The third was obtained from questions regarding frequency
and use time of sanitary appliances and fittings (which is also perceived consumption).
These values were collected from the head of the household. As water use is a socially
learned behaviour, the head of the family influences the rest of the family’s water use;
furthermore, they know each other’s consumption. Hence, this response was used to
calculate household water consumption. We must clarify that the third value did not
consider the water used for internal uses (food processing, personal hygiene) and external
uses (garden irrigation, swimming pool), which will be discussed below.

The qualitative information from the surveys was contrasted with the quantitative
information provided by SEDAPAL (Figure 3). This produced ratios and percentages,
generating sheets and profiles by district, as presented in the Results section.

The quantitative information from the water service provider (SEDAPAL) is consid-
ered accurate, as it is from water meters. These data were used as the primary source from
which consumption, in terms of both infrastructure and user consumption, was calcu-
lated. For example, SEDAPAL data on houses with one bathroom were filtered to find
their average consumption. This was followed by houses with two bathrooms, and so on.
The qualitative information was used to calculate the consumption of water in each
house for showering, flushing the toilet, washing clothes, and gardening (using green area
as an indicator). When calculating these factors, they can be compared with the total
consumption data to identify what percentage it represents of the total obtained from
SEDAPAL.

Results

The overall results for water consumption include the three consumption values,
expressed in litres per person per day. The perceived consumption in the three districts
is similar, differing by only 33 litres per day between San Isidro and Villa el Salvador. For
the latter, the closeness of the three values stands out, indicating that a significant amount
of water use (approximately 80%) is linked to toilets and showers (Figure 4).

The consumption obtained from water meters and the consumption reflected in the
water bill always exceed the perceived consumption. The difference between these values
may represent the water used for personal hygiene and dietary purposes. For all three
values, the volume in San Isidro exceeded the volume in Brefia, which exceeded that in
Villa el Salvador; in other words, on average, higher socio-economic households used
more water than the lower-level ones, which is consistent with several studies (Rockaway
et al., 2011; Grafton et al., 2011; Hussien et al., 2016; and Xue et al., Russell and Fielding,
Mondéjar-Jiménez et al. and Willis et al., all cited in Koop et al., 2019).
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Figure 4. Average water consumption by district according to both quantitative and qualitative
information. The difference between consumption recorded by SEDAPAL and consumption reported
in the surveys (showers, toilets, and washing machines) should be noted. The higher the socio-
economic level, the greater the difference.

With regard to the external factors affecting water consumption, from the consump-
tion amounts provided by SEDAPAL, a similar behaviour was observed in the water use
in the three districts with regard to climate variables. In Lima, climate also impacted
consumption: consumption is higher in summer and lower in winter, with variation of
26% in San Isidro, 21% in Brefia and 22% in Villa el Salvador (Figure 5). SEDAPAL’s
sample was annual, whereas the survey was performed in October, a month in which
consumption is 5% higher than the annual average.

Regarding qualitative data, the 900 surveys (300 per district) were processed by the
research team during the first months of 2018," developing a profile for each district in
terms of the internal factors of water consumption and based on the four sections of the
survey: dwelling information, the characteristics of the inhabitants, sanitary infrastruc-
ture, and usage patterns.

In San Isidro, the most representative type is the single-family house with an area over
100 m* and over 30 years old. Here, 97% of them had a laundry room, 88% had two or more
full sanitary facilities, 97% used washing machines, 44% used water dispensers, 50% had
gardens, 3% had swimming pools, 32% had dual-flush toilets, and 6% owned aerators and
pressure reducers. Concerning usage patterns, the average number of people per household
was 3.7; they used a monthly volume of 23 m’, with monthly spending of PEN94. The
average person used the shower six times a week for an average of 11 minutes; the toilet was
used 3.4 times a day; and the washing cycle was used once a week. Finally, 75% of them
showed a moderate water savings level; 65% said that they primarily saved water to avoid
wasting it, and 49% of them did so to save money. More information is available in
Supplemental Material 1.
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Annual consumption (value A) of the sample by district
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Figure 5. Annual water consumption on selected plots by district, based on SEDAPAL data. In summer,
the consumption increases for all cases, regardless of socio-economic level.

In Brefia, the most representative type was the single-family house with an area
of 50-100 m” and older than 50 years. Here, 67% owned a laundry room, 74% had
a complete sanitary facility, 72% used washing machines, and 22% used water
dispensers. Eight per cent had gardens, but none had swimming pools.
Furthermore, 12% had dual-flush toilets, 7% owned aerators, and 6% had pressure
reducers. The average number of people perhousehold was 4.3. They used a
monthly volume of 20.45 m’, with monthly spending of PEN57. The average
personused the shower six times a week for an average of 10 minutes; the toilet
was used 3.27 times a day, and the washing cycle was used oncea week. Finally,
85% of them showed a moderate watersavings level; 65% stated that the primary
reason they saved water was to avoid wasting it, and 64% did so to save money.
For more, see Supplemental Material 2.

The most representative type in Villa El Salvador was the single-family house with an
area over 100 m* and 16-30 years old. Here, 81% owned a laundry room, 74% had a
complete sanitary facility, 72% used washing machines, and 11% used water dispensers;
17% had gardens, but only 1% had swimming pools. Some 16% had dual-flush toilets, and
4% owned aerators and pressure reducers. The average number of people per household
was 4.7. They used a monthly volume of 15.81 m’, with monthly spending of PEN44. The
average person used the shower five times a week for an average of 10 minutes; the toilet
was used 3 times a day; and the washing cycle was used 0.85 times a week. Finally, 85%
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showed a moderate water saving level, and 65% stated that the primary reason they saved
water was to save money. For more, see Supplemental Material 3.

To assess how internal factors affect water consumption in a household, profile data
from each district were disaggregated to be compared later, focusing on each internal
variable. The cases meeting each condition under research (such as type of dwelling,
frequency of toilet use, and presence of water-saving appliances) were sorted for each
variable. The specific average water consumption value has been displayed for each
condition in accordance with the quantitative data provided by SEDAPAL.

Usage pattern results

Social variables

For the population social variable, the average number of people per household is 4.2,
with 3.3 in San Isidro, 4.3 in Brefia and 4.7 in Villa el Salvador. If this information is
related to household water consumption, then the more people per household, the higher
the consumption per household (Figure 6). Nevertheless, the greater the number of
people living in a house, the less water is used by each one of them. For example, in
Villa El Salvador, for households with up to two members, 3.3 more litres were consumed
(per person day) than in houses with over five residents.

In the case of Lima, it can be asserted that on average, the older the person, the more water
they consume. In households without children or teenagers, consumption increases by 7-
18%, depending on the district, which is consistent with Clark and Finley (2007) and Davies
et al. (2014, as cited in Koop et al., 2019). In addition, in Villa El Salvador and Brefia,
households with teenagers consumed 2.75% more than households with children but no
teenagers; this could be attributed to longer showers, as mentioned by Randolph and Troy
(2008). That is to say, in Lima, the presence of children and teenagers does not correspond to
a significant increase in household water consumption. Perhaps this is because young
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Figure 6. People per household (based on survey) vs. household water consumption (based on
SEDAPAL data).



836 D. R. RONDINEL-OVIEDO AND J. M. SARMIENTO-PASTOR

children use diapers, and they have controlled bathing, and as they grow up, their use of
sanitary devices is usually under the supervision of their parents, which leads to less water
use. Conversely, the occupancy of a dwelling by only adults resulted in more water
consumption; this is related to the idea that older people live in older houses, and the
older the building, the less likely is the adoption of water-efficient equipment (see
Supplemental Material 4).

Small differences were found regarding the impact of gender on water consump-
tion. In all cases, the presence of men in the household corresponded to higher
consumption, which is consistent with Clark and Finley (2007). This is perhaps due
to the difference in physical activity between men and women in sports and type of
work. Locally, it is more common for men than women to practice sports (Seclén-
Palacin & Jacoby, 2003; Grupo de Opinién Publica de la Universidad de Lima, 2008).
And around 75% of the female workforce is linked to activities that require less
physical effort (Insitituto Nacional de Estadistica e Informatica, 2016). These two
differences could mean more water use by men for personal hygiene. When con-
sumption was compared by sex and district, we observed that in San Isidro, only 1.6
additional litres were consumed per day by a household with more men than women;
in Villa El Salvador, it was 19 litres; and in Breiia, the difference was 37 litres a day
(see Supplemental Material 5).

Regarding the presence of people throughout the day, it was found that during
morning and afternoon, the three districts indicated a similar presence of 1-2 people
(66% in Villa El Salvador, 69% in Brefia, and 74% in San Isidro). Therefore, in low-
income districts, reduced consumption is not a result of people staying in the house all
day. In fact, only 3% of the dwellings surveyed in Villa El Salvador were usually inhabited
during the day, while in San Isidro, this was 10%. Thus, the presence of residents during
this time was not as determining as the users’ water use habits or the infrastructure (see
Supplemental Material 6).

331.70
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Figure 7. Relation between income (based on survey) and water consumption (based on SEDAPAL
data).
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Economic variables

With reference to the economic variable, we can verify that, when we match families with
similar income levels in the three districts, water consumption is still higher in San Isidro.
This may be because of infrastructure type (more bathrooms, swimming pool, and
garden), as well as the socio-economic environment wherein the house is placed,
which could be more determinant than the family’s per capita income. Likewise, although
families with more income in Villa El Salvador and San Isidro consumed less water, this
was not the case in Brefla. Once again, this may be explained by the differences in
infrastructure and use (Figure 7).

Cultural variables

Finally, with reference to cultural variables, education was almost always proportional to
efficiency of water use: the higher the education, the lower the consumption. However, it
is essential to mention the contradiction here: highly educated people have better-paid
jobs, which corresponds to more water consumption (Figure 8).

The consumption habits derived from water-saving strategies led to lower water
use; the more water-saving strategies were implemented in a household, the less
consumption was registered. Thus, the participants who reported using more strate-
gies (e.g., closing the tap while having a shower, soaping, or brushing their teeth;
efficiently washing clothes; fixing leaky faucets) also reported 12% less consumption in
San Isidro, 90% less in Brena and 18% less in Villa El Salvador than those who
reported using fewer strategies. This is perhaps mainly due to infrastructure. While
San Isidro and Villa el Salvador present different housing typologies, around 85% of
the people in Brefia live in houses between 0 and 100 m” in area. As the infrastructure
is similar, the predisposition to save water is more visible (see Supplemental Material
7 and 8).

Similarly, households with more highly educated members had more water-saving
devices. This finding reinforces the idea of the overall importance of education and
suggests developing programmes and measures for environmental education. However,
while several studies have found education to be a reliable indicator of concern, it is not a
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Figure 8. Relation between education level (based on survey) and water consumption (based on
SEDAPAL data).
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significant predictor of behaviour (Wolters, 2014). This is also true in our study, since
most of the surveyed population reported moderate environmental concerns, but no
reduction in water consumption.

Infrastructure results

The typical house in all three districts is the single-family home: 99.7% in Villa El
Salvador, 68% in Brena and 56% in San Isidro. The second-most frequent varied by the
district, being apartments in San Isidro (38%) and the quinta14 in Brefa (21%)." If we
relate the house type to water consumption, we can assert that with respect to the four
predominant types, with the single-family home being the most private and quinta being
the most public, there is a decreasing trend of water consumption (11% in San Isidro and
15.6% in Brefa). This may be because of the density, the number of common areas, or the
footprint of these different types of buildings (Figure 9). The higher water consumption
in detached houses could be attributed to bigger houses and larger gardens (Ghavidelfar
et al., 2018)

If we assess the link between dwelling area and water consumption per person, it can
be stated that the greater the area, the higher the consumption. Dwellings of over 100 m”
used an average of 196 litres per day per person; those of 51-100 m* used an average of
171; and those of less than 50 m* used an average of 132. The larger the dwelling, the
higher the number of people, sanitary facilities, toiletries, and garden areas, in addition to
the more frequent use of toilets and washing cycles, resulting in higher water consump-
tion (Figure 10).

A direct relation between the age of the house and water consumption can also be
seen. In all cases, there was an increase between houses of 0-15 years and those older than
50 years; the difference varyied from 19% to 47%. Inadequate sanitary facilities (with
leaks) in older houses could partially account for such findings. But what is found is that
the older the building, the higher the water consumption (Figure 11).

After integrating the number of toilet services found in the sample, we see that
dwellings at higher socio-economic levels have more sanitary facilities, swimming
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Figure 9. Relation between house type (based on survey) and water consumption (based on SEDAPAL
data).
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Figure 11. Relation between house age (based on survey) and water consumption (based on SEDAPAL
data).

pools, and gardens. The average number of sanitary facilities per household in San Isidro
is twice that in Brefia and Villa El Salvador; the higher the socio-economic level, the
larger the number of sanitary facilities. In San Isidro, 89% of households had more than
two bathrooms; the average was 2.7. In contrast, in Brefia and Villa El Salvador, 73% of
houses had one sanitary facility; the average was 1.3. And at high socio-economic levels,
the more sanitary facilities in a household, the greater was the water consumption per
person. However, this was not the case at low socio-economic levels. This may be because
the sanitary fittings do not save water or are not necessarily consolidated (complete) — see
Supplemental Materials 9 and 10.

Regarding green areas, in San Isidro 50% of the surveyed households had gardens, and of
these 20% were larger than 20 m’. Although both Brefia and Villa El Salvador had a
significant percentage of households with gardens, they were usually smaller than 5 m?,
Thus in San Isidro household water consumption increased by 24% with the presence of a
garden, but there was no such correspondence in the other two districts. This is consistent
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Figure 12. Water appliance consumption (based on survey) and its representation in final consump-
tion (based on SEDAPAL data), with or without a garden.

with Jorgensen et al. (2009), Hussien et al. (2016), Wong and Mui (2005), Cubillo et al. (2008),
Domene and Sauri (2006), and Shan et al. (2015). The presence of pools in the sample was not
sufficient for analysis (only 12 had a pool and also had data from SEDAPAL). Additional
study is required to identify whether swimming pools directly influence consumption (see
Supplemental Material 11).

Regarding water-saving technology, 32% of the households in San Isidro had
water-saving toilets, but only 16% in Brefa and 12% in Villa El Salvador. The
amount saved ranged from from 3% to 22%. The lower the socio-economic level,
the fewer the devices, and the less water saved. Brefia saved 19% in properties using
toilets with water-saving technology, and Villa El Salvador saved 8.2%. This suggests
future opportunities to minimize water consumption in such areas (see
Supplemental Material 13).

Finally, we consider the incidence of gardens. In houses without green spaces, showers
use 40-60% of the water, toilets use 12-18%, and washing machines use 6%. In households
with gardens, the numbers for toilets and washing machines were similar, but the numbers
for showers were 38 48%. In San Isidro only, green spaces represented the second-highest
consumption. On average, showers are the activity that consumes the most amount of
water (around 60%) — in San Isidro, 96 litres; in Brefia, 71 litres; and in Villa El Salvador, 78
litres. The second-most water-consuming facility is toilets, with 25%. Hence, policies and
strategies oriented towards saving water should focus on water use efficiency in such
appliances (Figure 12).

Conclusions

The urban population in Lima has water vulnerability and unmet water demand that
affects 1.5 million people that do not have secure access to this resource. Yet the amount
of consumption varies widely by district. As we will face significant water stress in the
coming years, it is necessary to study mechanisms that offer equal access to water.
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This research aims to understand consumer behaviour, which is essential not only to
reduce water consumption but also to improve resource distribution. The variables that
impact water consumption were sorted into external and internal, focusing on usage
patterns, housing infrastructure, and the environment (climate, pricing and policies).
The sample and its analysis were carried out for a scenario where access to water is
secure. However, for greater scope, future research should consider scenarios that include
shortages.

We find that water consumption is deeply affected by dwelling features. Water use
related to behaviour, attitude or education is conditioned by dwelling characteristics and
the types of devices employed in bathrooms. Thus, it is essential to focus efforts on
housing design, especially on showers and toilets, which consume the most water. Also,
Peru has a housing deficit of close to 1.8 million units, and this investigation represents
an opportunity to develop infrastructure design policies capable of saving water and
addressing the housing problem.

A significant contribution of this investigation is to understand the use of water in
relation to specific user profiles and housing typologies, filling information gaps on the
relationship between them, and providing relevant and detailed information that helps us
understand water demand management in Lima.

The study relates quantitative data on household water consumption to qualitative
information from surveys. These data permit us to build a user profile for each type of
user and dwelling. They also enable us to estimate each qualitative variable’s representa-
tivity and impact on the general water consumption and to understand how water
consumption is affected by specific aspects of each user profile.

Each profile provides ratios and values that could be extrapolated to districts with
similar infrastructure and user characteristics in Lima and other cities in Peru, to plan
more suitable water demand management policies.

Notes

1. Although a sustainable technical code to foster water efficiency exists (Ministerio de
Vivienda, Construccion y Saneamiento, 2016), it is not enforceable, and there are still no
clear indicators.

2. According to the Blue Book, exploitable water availability will drop from 74,000 m> per

person in 2003 to 54,000 m’ per capita in 2020.

Average, 2001-2014.

4. The flow rate in the three basins (Lurin, Rimac and Chillén) has been decreasing in the last
few years. In January 2016 the Rimac River’s average was 22.2 m’/s, 41.9% less than the
previous year and 46.9% less than with the historical average (41.8 m*/s). The flow in the
Chillén River was 2.2 m?/s, 77.8% less than the previous year (INEIL 2016).

5. SEDAPAL charges people connected to water and sewage networks 4.9 Peruvian soles per
m’ for drinking water and 2.2 Peruvian soles for drainage. Families without supply networks
must buy the resource from tanker trucks at a cost of 15 Peruvian soles (Comité Nacional del
Libro Azul para el Peru, 2016, p. 52).

6. According to a study by Ferndndez and Vifiuales, for example, an education programme in
Zaragoza achieved household consumption savings of 5.6%. Furthermore, there was an
increase in the number of families adopting, but not necessarily maintaining over time,
thrifty habits (from 20% to 50%) and new technologies (from 13% to 15%) (Manco et al.,
2012).

et
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7.

8.

10.

11.

12.

13.

14.

15.

EPS, by its Spanish acronym, Empresas Prestadoras de Servicios de Saneamiento, sanitation
service providers.

In the Netherlands, for example, 40% is used in showers, 28% in toilets, and 12% in washing
machines (Shan et al., 2015). In Great Britain, 25% of water is used in showers. In the US,
59% is outdoor use, and the rest includes 27% in toilets, 22% in washing machines, and 17%
in showers. In Australia, 22% is for outdoor use, and the rest is composed of 25% for
showers, 19% for sinks, 18% for washing machines, and 13% for toilets. In the city of Hong
Kong, the water consumed by toilets represents 30% of internal domestic water consump-
tion (Wong & Mui, 2005).

. The Income Quintiles method is used in Peru by the National Statistics Institute, which

divides the population into five more or less equal group. The first quintile groups the
poorest, that is, those with the lowest income, and the fifth quintile those with the highest
income. In this research, San Isidro is mainly the fifth quintile, Brefia mainly the third and
Villa el Salvador is the second quintile.

For the household selection, multistage random sampling was used. In the first stage,
conglomerates were selected using a simple random sample for each district. This method
is also used for the second stage, where a city block was selected. For dwelling selection,
systematic sampling was used. Finally, for household selection, stratified random sampling
by age was used. This procedure guarantees an optimal level of housing dispersion.

Ten aspects were asked from each head of the family and then evaluated to estimate the family’s
saving level (attitude): three water-saving strategies (use of low-flush toilet, faucet aerators, water
pressure reducer) and seven daily habits (turning off the tap when taking a shower / brushing
teeth / washing dishes / watering the garden; gathering clothes to wash; quickly fixing leaks;
family awareness of water use). Households that applies at least eight of these were considered to
have strong environmental values; from five to seven, moderate environmental values; and four
or less, low environmental values (see Supplemental Material 7).

On average, 82% of the plots have water meter data from SEDAPAL: 270 (out of 300) in
Villa El Salvador, 244 in Brefa, and 220 in San Isidro.

IBM SPSS Statistics 25 and Excel spreadsheets were used to process the information. The
research team performed quality control using consistency checking and random super-
vision for 30% of the sample.

The quinta in Lima is a collective residential complex formed by a group of houses built on
individual lots and with access through a common space or directly from public roads.

In this case, an ‘apartment’ is a building that contains properties in a vertical arrangement,
while in a ‘condominium’ the arrangement is horizontal, and there is usually a private
common area at ground level.
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