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REDUCTION IN WATER CONSUMPTION IN SPAIN: CAUSES AND TRENDS
NTRODUCTION. PROPOSALS AND OBJECTIVES

1. INTRODUCTION. PROPOSALS AND OBJECTIVES

There is much empirical evidence to suggest that water consump-
tion has dropped over recent decades in cities in developed countries (Sau-
ri, 2013). There are many factors that could account for this trend: greater
awareness of citizens concerning the need to save water; more recurrent
periods of drought; social and demographic changes; phased pricing struc-
tures with costs increasing for higher consumption; more efficient techno-
logies; or, simply, the effects of the economic crisis and the restructuring
processes of urban economies on the domestic, industrial and commercial
consumption of water. Nevertheless, the importance of each particular fac-
tor needs to be evaluated by carrying out specific case studies.

This report includes an analysis of the causes of the reduction in water
consumption in Spain in recent years. In order to achieve this, two empi-
rical cases are studied, the city of Alicante and the municipalities in the
metropolitan area of Barcelona served by Aigles de Barcelona, taking the
years between 2007 and 2013 as a basic period of reference. As we shall
see, the conclusions obtained in the two particular cases analysed can be
extrapolated to most municipalities across Spain.

Given the heterogeneous nature of urban water use, a difference is drawn
between household uses on the one hand, and industrial/commercial/muni-
cipallofficial uses on the other. In methodological terms, we have combined
a statistical analysis of the data on consumption as well as the social, de-
mographic, economic, urban and climatological factors that may influence
such consumption, with the results of a survey of major commercial, indus-
trial and municipal/official consumers both in Alicante and in the municipa-
lities in the metropolitan area of Barcelona served by Aiglies de Barcelona.

It is important to define the different scales of work that have been followed
in relation to the field of domestic consumption, which is fundamentally in
line with the differences that exist between Alicante and in the municipali-
ties in the metropolitan area of Barcelona served by Aigles de Barcelona
in terms of size, population and economic and urban activities.

In the case of Alicante, the analysis of consumption trends has been ca-
rried out on a micro-scale, with invoicing data provided by Aguas Munici-
palizadas de Alicante, Empresa Mixta (AMAEM). The series of bills looked
at (2007-2013), include water expenditure in blocks of flats with volumes
broken down by households in streets and different areas of the city,
which are taken to be representative of certain social, demographic, eco-
nomic and income situations. On the other hand, in the municipalities in
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the metropolitan area of Barcelona served by Aiglies de Barcelona, which
represents a much wider and heterogeneous urban space, the working
scale is constituted by the municipalities, on the one hand, and, on the
other, by the ten municipal districts which Barcelona is divided into.

1.1 Type of urban uses

Urban uses of water represent a very heterogeneous pattern,
which reflects the historical conditions of the processes of urbanisation
specific to each city and dependent on the water infrastructures develo-
ped there. Conventionally, urban uses of water tend to be divided between
household uses, which take place in private homes, and non-household
uses, which include industrial, commercial and public usage.

Domestic use

In general, household uses of water tend to evolve in line with different
levels of socioeconomic development and can vary quite significantly. The
type of domestic consumption usually includes so-called indoor uses (ba-
throoms, kitchens, cleaning, household appliances, etc.) and outdoor ones
(watering gardens, swimming pools, other ornamental uses, etc.).

In a general sense, the internal consumption of households in concentra-
ted urban structures (apartment blocks) presents distribution levels which,
broadly speaking, correspond to the following patterns of consumption:

Figure 1: Distribution of water consumption (%) in households of a concen-
trated typology (2013)
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Source: Domene & Sauri, 2006. Compiled by the authors
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In addition to these values we need to add those generated by outdoor
consumption, which present notable differences depending on the urban
typology in question (terraced housing with communal gardens and swim-
ming pools or detached properties), the dominant type of garden (Atlantic
or Mediterranean), and other factors such as leaks.

The variables that seem to be most influential in explaining the differences in
water consumption—some of which are strongly interrelated—are income le-
vels; the size and type of dwelling, which is a very important variable in terms
of outdoor uses; age; level of education; the degree of environmental aware-
ness; the climate; and the prices and taxes paid on water consumption.

Non-domestic use

The type of water uses in non-domestic cases depends on the main activity
being carried out. These activities include commercial, industrial and public use,
and can also encompass a large number of subsectors. The high degree of
heterogeneity of uses included in this category makes it difficult to generalise.
Furthermore, some large-scale users may have their own resources, especially
groundwater supplies, whose use is not reflected in the consumption accounting.

According to the statistics, non-domestic uses of water account for 20-30%
of the total urban uses, whilst domestic uses account for the remaining 70-
80%. Finally, it is also important to highlight certain business strategies such
as, for example, the urban relocation of industrial activities that prove to be
major consumers of resources.

2. CASE STUDY: ALICANTE

2.1 Evolution of the total consumption of drinking water in Alicante
(2007-2013)

The annual data on the flows supplied to the network and the volu-
mes billed, provided by AMAEM for the city of Alicante, confirm that different
stages of growth and then reduction in water expenditure can be observed
during the last three decades, which can be correlated to demographic
variables, urban-tourism expansion, and social and economic dynamism.

Stages in the evolution of consumptions and associated trends
In summary, and taking into account the consumption data, we can identify

the following stages: 1) an appreciable and sustainable increase in con-
sumption from 1984 to 1991; 2) a notable reduction in water use from 1992 to
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1996; 3) an increase in consumption from 1997 to 2004; 4) a strong reduc-
tion in water use from 2005 to 2013.

Despite this evolution in the global water supply, the evolution of the do-
mestic consumption data available for modules considered to be litres/per-
son/day, litres/household/day or litres/customer/day tends to follow a struc-
tural trend of sustained reduction from the end of the nineteen nineties to
the present day, even though this evolution actually accelerated from 2004
onwards, which could be related to another temporary factor which is the
economic crisis suffered by Spain since 2007.

However, it should be noted that the different consumption modules, a di-
rect result of the crisis, savings measures, etc., can be seen despite the
increase in global consumption up to 2004, and the significant growth in
the population up to the first few years of the recession.

The general dynamic of reduced domestic consumption since the end of
the nineties could be related to other structural factors linked to technolo-
gical advances in water-saving devices in bathrooms, kitchens and house-
hold appliances and, alongside this, the strong growth in personal habits
geared towards saving water and using it more economically.

It is important to note that the succession of increases and reductions in con-
sumption trends in the wholesale supply and volumes billed could be rela-
ted to cycles of intense drought, such as those that occurred between 1992
and 1996 and between 2005 and 2009. However, in this case, the end of the
drought in 2009 did not prompt a change in trend like the one observed at the
end of the previous dry cycle. Thus, the stage that began in 2005 has lasted
until 2013, and this could confirm that the factors that have led to a reduction in
the demand for drinking water are of a structural and temporal nature.

The year 2004 saw the end of a stage of growth in water consumption that
had started back in 1997, with the end of the intense drought experienced
between 1992 and 1996. During this lberian drought, the combination of te-
chnical improvements in retail distribution, information campaigns, the gra-
dual implementation of water-saving devices and changes in consumption
habits, among other factors, meant that the volume supplied to the city of
Alicante fell from 30.8 hm?in 1991 to 25.7 hm? in 1996, representing a reduc-
tion of more than 16%. During this same period, the bills issued by AMAEM
for water use also fell by 14.5%, from 24.8 to 21.2 hm?.

A stage of sustained growth in water use started in 1997 and lasted until 2004
and 2005. In the case of Alicante, this recovery saw consumption increase from
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26.7 hm? in 1997, to a maximum of 304 hm?3 in 2004, which was supplied by the
Canales de Taibilla Municipal Association (261 hm?®) and by AMAEM (4.3 hm?)
itself from its wells in Alto Vinalopd. In 2002, reclaimed water started to be used,
with 39,358 m® being supplied to the Alicante City Council for watering parks and
gardens. From 2003 onwards this also included supply to private households.

Demographic and urban variables

There are different reasons behind the increase in water consumption du-
ring the 1997-2004 period, but a significant factor was the expansion of new
areas of usage and the strong economic dynamism recorded from the
mid-nineties of the last century to the financial crisis of 2007. The city of
Alicante benefited from the territorial development of the province, which
stemmed from traditional industries such as tourism, commerce, adminis-
tration and services, agriculture for export, and the strong increase seen in
the property sector and private housing construction. To this, we can also
add the demographic growth recorded as a result of foreign immigration
and the strong expansion of tourist and residential services and functions.

Evolution of water supplied

Another very important variable comes into play in the evolution of water
usage, and that is the number of customers connected to the supply net-
work. At the same time, this number is directly related to existing house-
holds in addition to the contracts linked to the non-domestic sector (in-
dustry, commerce and public services). Between 1999 and 2006 there was
a 1761% increase in the number of registered customers, whilst between
2006 and 2013, the number of registered customers barely increased by
4.96%, from 188,990 contracts to 198,372, while the volume supplied to the
network dropped from 28,567,075 to 22,308,699 m?, which represents a re-
duction of 21.9% during the period indicated.

This minimum growth in the number of registered customers during the pe-
riod 2006-2013 compared with the seven previous years can be added to the

causes that have had an impact on the significant reduction in consumption.

Table 1. Evolution of the supply of drinking water in Alicante (2006-2013)

Year 2006 Year 2013
Town COMPANY . .
Supply (m%) NO. of registe- Supply (m?) No. of registe-
red customers red customers
Alicante AMAEM 28,567,075 188,990 22,308,699 198,372

Source: AMAEM, 2014.
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Figure 2. Annual evolution of contracts, inhabitants and water supplied in
Alicante (2000-2013)
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Source: AMAEM, 2014,

One of the factors that has contributed to a significant reduction in the
volume of wholesale water supplied has been the improvements made
in the technical areas and management systems implemented in retail
distribution within the city of Alicante, in order to increase the hydraulic
performance of the distribution network and the volume of water recor-
ded as revenue and billed. These advances have also been extended
to the complete water cycle, with very important improvements in the
area of sewerage and wastewater treatment, and the reuse of reclai-
med water. The control of water registered with users and non-revenue
water must be improved in order to improve the hydraulic performan-
ce of the distribution network. This hydraulic performance depends
on numerous variables, although the most important are the length of
the distribution network, its age, state of conservation, number of con-
nections, and the accuracy of the consumption meters to avoid utility
‘submetering’ and fraud.

Improvements to the retail distribution network and, consequently, increa-
ses in the efficiency of the network, are some of the reasons behind the
reduction in the water consumption supplied to the network. Improvements
in the efficiency of the network are reflected in the performance of the
distribution network, which has gone from 80.49% in 1991 to 92.88% in 2013;
reaching values higher than 85% on a continuous and uninterrupted basis
since 2006 (Martinez, 2010).
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Figure 3. Water supplied, water billed and performance levels in Alicante
(1991-2013)

Water supplied Water billed Performance
36,000,000 ~94%
32,000,000 ~92%
+90%
28,000,000
- 88%
24,000,000
- 86%
20,000,000
- 84%
16,000,000
-82%
Q
o
sz,ooo,ooo 8% g
<) (8]
C
£ 8,000,000 . 78% 5
1}
£ 4,000,000 ~76% O
2 b=
o o}
> 0 : ; ; . : ; ; . : ; . - 74% O
- o) 0 ~ [ — [0} [t} I~ o — ™
(o)) D (o)) D D o o (o} o o — —
(o)) ()} () () [} o o o o o o o
— — — — — N N N N N N N

Source: AMAEM, 2014,
2.2. Evolution of domestic consumption in Alicante (2007-2013)

The demand for water in urban spaces depends on a combination
of different factors and components. However, the most important factors
are the following: population served (permanent and seasonal); city mo-
del (disperse or concentrated); number and types of households served
(in blocks, detached, etc.); number of industries and activities developed;
number of commercial premises; municipal consumption (gardens, street
cleaning, schools and other public buildings, etc.). In addition to the typolo-
gies of the units of demand, other decisive factors are the dynamism of the
economy, pricing policies and, above all, the measures for managing and
saving water in consumption habits.

General evolution trends in the domestic sector

The cycle of drops in consumption in the domestic sector started in 2004
and 2005, as already noted, accumulating a 14.2% decrease in the volume
billed up to 2013. However, the reduction of the use of water contrasts with
the growth in the number of contracts, caused by the inertia in the pro-
motion of housing delivered, the construction of which began in previous
years. In effect, since the start of this period and up to 2013, the number of
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registered customers in the municipality of Alicante increased from 160,352
to 177,422, which represents an increase of 10.6%.

While this trend in the reduction of volumes of drinking water billed from
2004 and 2005 in the municipality of Alicante is due to a combination of
interrelated causes, the following stand out as being the most significant
determinants:

a) Lower demographic growth after the years in question. Thus, during
the period 2005 to 2013, the population of Alicante grew by 15,187 inhabi-
tants, whereas it had grown by 41,830 inhabitants in the period 2000 to
2005. This demographic trend is also related to the question of settlement
and particularly to the slow-down of the urban residential expansion that
took place from 2004 and 2005, followed by a complete paralysation of
property-related business from the outset of the financial crisis in 2007.

b) The implementation of water-saving devices and more efficient hou-
sehold appliances in homes. On top of this we can also add the gradual
and permanent development of consumption habits aimed at saving water
that have been growing in popularity since the middle of the last decade,
and which have intensified even more as a result of the economic crisis
from 2007 onwards.

¢) Reduced occupancy of dwellings. On the one hand, this is in relation
to vacation homes where the economic crisis has been noted in the reduc-
tion of the traditional holiday periods; on the other hand, many buildings
and dwellings built during the property boom have not taken up the expec-
ted contracts for drinking water supplies.

d) Efforts to promote the reuse of treated wastewater in the city of Ali-
cante and its surrounding metropolitan area, in order to replace the con-
sumption of white water used to water parks and gardens with reclaimed
sources.
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Figure 4. Evolution of domestic consumption (m?) and the number of con-
tracts held in the city of Alicante (2000-2013)
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Table 2. Evolution of domestic water consumption, population sector and
supply contracts in the municipality of Alicante (2000-2013)

Population sector: YEAR

2000 2005 2010 2013
National 273,742 283,755 284,077 285,881
Foreign 6,069 37,886 51,382 50,947
Total 279,811 321,641 335,459 336,828
Water consumption 15,582,916 16,767,442 15,287,578 14,518,418
NO. of contracts 144,202 164.112 175,979 177,422
Consumption (litres/contract/day) 296 279 238 224
Consumption (litres/inhabitant/day) 154 144 125 119

Source: Municipal Register of Inhabitants and AMAEM, 2014,

In spite of this, from 2004 and 2005 the drop in individual consumption mo-
dules accelerated to the point that in 2013 the average consumption mo-
dule of residents in Alicante stood at 119 litres/inhabitant/day, in contrast to
the 154 litres/inhabitant/day recorded in 2000. This represents a reduction
of 22% for the period in question.
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It should be noted, however, that the reduction of these consumption mo-
dules seems to have been mitigated somewhat over recent years. This mo-
deration in the downward trends in these modules could indicate that we
are close to reaching the maximum threshold point in terms of the savings
that can be obtained through the technical devices installed in bathrooms
and showers, the more efficient household appliances, and the new perso-
nal consumption habits.

Figure 5. Annual evolution of domestic consumption (litres/inhabitant/day)
in Alicante (2000-2013)
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Source: AMAEM, 2014.
Urban expansion and type of dwelling

An important factor to take into account in explaining the evolution of drin-
king water consumption during the last three decades in the city of Alican-
te is the considerable expansion of the uses made of urban and residential
land. This process has meant that the surface area of urban and residential
land almost tripled between 1978 and 2013. There were two large-scale
expansion stages during this period, which coincided with certain cycles
of growth in the consumption of drinking water. The first of these, from the
end of the seventies to the beginning of the nineties, saw urban growth on
existing land spread across the traditional city and the neighbourhoods of
La Florida, San Blas, Rabasa, Témbola and Los Angeles.

The second phase of strong urban expansion is linked to the boom in the
construction industry and the property market that took place from the
mid-nineties up until the financial crisis which began in 2007. This phase
coincided with the cycle of growth in drinking water consumption in Alican-
te and is closely tied to the intense movements in the property sector that
the city saw from 1996 to 2007.
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Table 3. Evolution of the use of urban and residential land in the municipa-
lity of Alicante during the period 1978-2013

1978 2013
m? % m? %

City centre 8,701,774 53.49 14,416,012 3141
Apartments with garden and/or swim- 1,149,268 706 2,968,448 6.47
ming pool

Terraced houses 67,842 0.42 1,640,775 3.58
Low-density urban area 2,622,466 16.02 15,801,972 34.43
Non-residential urban land 3,726,248 2291 11,064,360 241
Total 16,267,598 100 45,891,567 100

Source: Morote Seguido, A. 2014,

The phase of considerable urban expansion seen in 1996-2007 favoured
the expansion of buildings with communal gardens and swimming pools
which were built on the outskirts of the city, in particular the Babel and San
Blas industrial estates, Altozano, the new zone in Los Angeles, Lo Morant-
Ciudad Jardin, Gran Via, and the new zone of Garbinet, among others.

Other areas that have seen considerable expansions in urban and residen-
tial uses in this second phase have been the beach zones in La Albufereta,
Cabo de La Huerta, Playa de San Juan, La Condomina and Urbanova. The
construction of apartment blocks with gardens and/or communal swim-
ming pools has been dominant in these areas, although we can also see
other urban models in these zones, such as El Cabo de la Huerta and La
Condomina (Alicante Golf), where we often find terraced-style housing and
detached houses, sometimes with gardens and private swimming pools,
which push up individual consumption modules of drinking water usage. It
is also worth highlighting the large expansion of the diffuse and low-density
urbanisation model that has been seen in rural parts of Alicante (La Caia-
da del Fenollar, El Verdegas, El Moralet, La Alcoraya, El Rebolledo and El
Bacarot), where we tend to find houses built on old agricultural plots that
have gardens, swimming pools and even small vegetable plots for personal
consumption.
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Figure 6. Typology of the different uses of urban and residential land in the
city of Alicante in 2014

Source: Morote Seguido, A, 2014,

The urban development of recent decades has led to the expansion of the
tourist and residential seasonal population, which has important repercus-
sions on drinking water consumption.

Table 4. Evolution of the number of homes in the municipality of Alicante
(1991-2011)

Main Seconds Empty Total
1991 82,695 33,252 15,791 131,738
2001 103,293 28,663 21,060 153,016
2011 132,637 28,707 25172 186,516

Source: INE, 2014

85

Furthermore, as well as impacting on seasonal consumption, second homes
also have a decisive effect on the reduction of the average consumption
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modules in litres/household and in litres/contract/day. And the same occurs
with empty dwellings which, in the case of Alicante, have grown significantly
over the last two inter-census periods (1991-2001 and 2001-2011).

Reduction of consumption and the socioeconomic differentiation of urban
space in Alicante by neighbourhood

Water consumption, being somewhat in line with income levels and, thus,
related to the quality of the dwelling, its sanitary provisions, green spaces,
swimming pools and other possible facilities, which depend upon the pur-
chasing power of the owner, is a very good indicator that can help us to
understand the social differentiation of spaces. If, as is the case in ques-
tion, a general downward trend towards a reduction in drinking water con-
sumption is detected, this differentiation constitutes an essential reference
point to be able to understand and contemplate the different reasons or, in
any event, the importance of each of these reasons, even in terms of their
structural or temporary nature, which may depend on the income available,
and which may have been affected to a greater or lesser extent by the
current crisis. It also makes it possible to ascertain the extent to which this
may or may not have had an effect on standards of living, or, in many ca-
ses, subsistence levels, with the adoption of strategies or actions to reduce
water costs.

These considerations appear to be particularly relevant in the case of the
city of Alicante, where to speak only of social differentiation in the urban
sector would be grossly misleading, since there has been a clear and
growing phenomenon of segregation in this area over recent times, with
the presence of poor and disintegrating neighbourhoods in marginal areas
and degraded sectors of the historical centre, which is losing its place as a
traditional neighbourhood to the benefit of new neighbourhoods (San Blas
industrial estate, Garbinet and Playa de San Juan).

Four income thresholds have been defined in order to establish typical
behaviour patterns for the different social groups: low, lower-middle, midd-
le and high incomes, with respective thresholds of 25,000, 50,000, 100,000
and over 100,000 euros, and with the different classes being configured in
line with these thresholds, taking average income to be an annual gross
figure of between 50,000 and 100,000 euros.
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Figure 7. Districts with buildings selected to analyse water consumption by
groups of low, lower-middle, middle and high income
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Source: AMAEM. Compiled by the authors, 2014,

Another point worth mentioning is that some residences in marginal or impo-
verished urban areas with cramped housing conditions show unusually high
cases of water consumption (samples from Virgen del Remedio and Virgen
del Carmen, which are higher than 400 litres/household/day), which are of-
ten caused by over-occupation, given the relatively high number of persons
living there from different families and, at the same time, without family ties.
In this sense, the data goes hand in hand with per capita data which is also
notoriously low in these cases (Figure 8).
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Figure 8. Evolution of water consumption according to income levels
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New technologies have very little influence on reductions in the consump-
tion observed in areas with fewer resources. This is in contract to the situa-
tion in middle- and high-income cases where these improvements consti-
tute a structural cause of reductions in water use.

The impact of the demographic factor

A final element to consider as a factor which could reduce water consump-
tion in the future is the declining population. In contrast to the notable period
of demographic growth registered in coastal and pre-coastal municipali-
ties in the inter-census period of 2001-2011, and in which the city of Alicante
is no exception, mid-term population estimates (2012-2022) compiled by
the National Statistics Institute (INE) show a shift in demographic dynamics.
The ageing population, together with the rate of immigrant populations re-
turning to their country of origin and the migration of local populations in
search of work, are the main causes underlying the fact that Alicante esti-
mates a population loss of 19,658 inhabitants between 2012 and 2022 (INE,
2014c). If this quantitative data proves to be relevant—understood, that is,
as units of demand—other qualitative questions related to the typology of
the population in question should also prove to be of interest. The ones
returning to their country of origin tend to be young people or sometimes
whole families with children, whose water consumption is greater than the
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ageing population, which tends to be associated with lower consumption
figures. Nauges and Thomas (2000) and Troy et al. (2005) argue that water
consumption in households where there are younger people is higher in
comparison to those with older people, since younger people shower more
frequently and tend to show higher consumption levels of outdoor uses for
leisure purposes (March & Sauri, 2009).

Along similar lines, other publications suggest that older people are more
conscious of the need to save on water consumption (Mayer et al., 1999).
The average size of family units may also impact on domestic consumption.
According to reports compiled by the INE (2009), the average size of family
units is decreasing. It went from being 3.4 members in the nineteen eighties
to 2.9 in the first decade of the 2Ist century and is a factor that could result
in shrinkage of consumption. However, the opposite effect could also arise
from the increase in family units made up of one sole individual. H6glund
(1999) indicates that households inhabited by one sole person consumed
41% more than those inhabited by two people. The inefficiency of certain
practices and the economies of scale explain these greater levels of con-
sumption (Cubillo et al., 2008).

Generalisation of water-saving devices

One of the key factors from the point of view of the reductions achieved in
consumption levels is related to the introduction and subsequent dissemi-
nation of technical innovations, both in terms of tap systems and house-
hold appliances. The introduction of mixer taps from the nineties and their
widespread implementation—since they are not only present in building
constructed after the late nineties but are also a constant feature in reno-
vation works carried out on old buildings—has represented a significant
saving in all activities related to tap use (from domestic hygiene to the pre-
paration of food). Different studies insist on the ecological function of these
devices, providing evidence that these kinds of taps consume less than 8
litres per minute for operational pressures of 1to 3 bar, and less than 9 litres
if the pressure is between 3 and 5 bar.

Starting at the beginning of the 21Ist century, new water-saving devices,
such as flow limiters or restrictors and aerators, have been introduced to
complete this system. Thus, the combination of mixer systems with flow
restrictors or aerators results in savings of 50% in consumption from taps.

Important developments have also been seen in the technical innovations

related to toilets which, alongside the personal hygiene associated with their
use, are responsible for between 50 and 60% of domestic consumption. The
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generalisation of toilet systems with dual flush systems, which allow the
user to choose the quantity of water necessary in each case (flushes of 3 or
6 litres, for example) as opposed to the volumes of between 5 and 9 litres
of conventional systems, has also led to significant reductions in consump-
tion. The savings generated by this system have been complemented over
recent years with the introduction of systems that limit the filling of the tank
or that have counterweights that reduce the quantity of water dispensed
by the tank.

Notable technical innovations have also been applied to household applian-
ces (washing machines and dishwashers), which are responsible for around
20% of domestic consumption. Improvements in efficiency in terms of both
energy savings and water consumption stand out in terms of the technical
improvements made in appliances over the last fifteen years. During this
period, the incorporation of eco programmes, short-wash programmes and
the standardised use of energy efficiency labels on household appliances
(Regulation (EU) No. 1059/2010) have meant a saving of around 40% of the
water and electricity consumption generated by these appliances.

The widespread introduction of water-saving systems in taps, toilets and
household appliances is related to a third structural cause that has im-
pacted on the on-going process of reducing water consumption per in-
habitant/day.

Evolution of prices and water bills

The increase in water prices has been considered as a tool to control
consumption (Sénchez & Blanco, 2012). The implementation of the Water
Framework Directive, which enforces the adoption of pricing systems that
recover the costs of water resources and establish pricing policies in order
to promote sustainable uses of water, has led to increases in the cost of
water. This increase has been one of the causes —although not the only
one—that explains the reduction in European consumption figures (Envi-
ronment Agency, 2008).

An analysis of the evolution of prices paid for water is complex given the
different aspects covered by the overall water bill (consumption fee; sewe-
rage treatment and network tax). A differentiated analysis of each of the
aspects covered by the water bill indicates a different evolution of the costs
associated with each of these aspects.

In relation to water, the rises recorded do not reflect a linear increase but
relate, instead, to significant differences according to consumption blocks
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(Table 5). The price paid per cubic meter in the first threshold (up to 9 m?
per quarter) has not increased since 2007. By contrast, the increase in the
other blocks is progressive (between 23 and 45%). The increase observed
in the last block clearly reflects the aim to deter and control consumption
manifested in the price of water.

Table 5. Increase in water prices in Alicante (2007-2013). Household rates

Price % increase 2007-2013
From O to 9 m® per quarter 0.00
From 10 to 30 m® per quarter 23.25
From 31 to 60 m?® per quarter 35.38
From 61 m*® upwards per quarter 44.78

Source: AMAEM. Compiled by the authors, 2014,

The price increase associated with the Government of Valencia’'s sewerage
treatment tax should also be noted which, for a bill of 30 m?, has meant an
increase of 36.98% in service charges and 35.07% in consumption charges
for the period studied (2007-2013). Similarly, VAT charges have increased to
26.02% for the same bill during the same period.

Increases in the final price of water bills during the period analysed (2007-
2013) are clear. Their increase may have contributed towards shrinking con-
sumption levels; although this is due to a combination of different factors,
some of which have already been mentioned above.

It should also be noted that in 2006, Aguas de Alicante started a special
investment plan for drinking water, sewerage and reuse, with an approxi-
mate investment of €55,000,000. Furthermore, and within the section of
discounted prices, in 2013 the number of large families who benefited from
discounts awarded by the company rose to 812, with a value of approxima-
tely €25,700. Also in 2013, the social fund used to discount water bills for
disadvantaged groups subsidised 697 families in Alicante, to a total cost of
€146,948. .

Among the different temporary causes of reductions in consumption, we
should also mention the economic crisis. Increases in the final bill paid by
the user, together with the consequences of the current economic situation
which, to simplify considerably, can be summed up in increases in unem-
ployment and reductions in salaries that generally affect the middle- to
low-income scales, have led to the adoption of measures aimed at cutting
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household expenditure, with one of these measures including reductions in
water consumption in order to cut down on bills.

Different elements corroborate these conjectures in the city of Alicante. First,
the fact that the average consumption per household, taking into account the
different typologies, stood at 703 litres/household/day in 2007, in contrast to
the 434 litres in 2013. Second, consumption increases in the first tranche of the
household pricing scale (corresponding to the lowest prices that have shown
no increases since 2007) in comparison to the other tranches, where decrea-
ses are notable and particularly intense in the last two tranches (Table 6). We
thus find that consumption trends are shifting towards the lower tranches.

Table 6. Evolution of consumption (m?) per block. Household rates

Tranches 2007 2008 2010 2013 % Increase 2007
From 0 to 9 m° 4,451,596 4635957 4726,855 4765604 705
From10to 30 m* | 6468340 6467004 6,343,437 6,040,576 -6.61
From 31to 60 m® | 2,330,702 2,223,655 1952731 1,645,166 .29.41
Over 61 m? 2,472,988 2,436,436 2,253510 1,905,097 .22.96
Total 15832,086 | 15763052 | 15276533 | 14,356,443 -9.32

Source: AMAEM. Compiled by the authors, 2014,

Impact of elements related to the climate

In spite of the fact that studies carried out up to now have not provided
conclusive findings that would allow us to quantify with precision the extent
to which the climate impacts on drinking water consumption patterns—in
isolation from other factors—we think it would be highly useful to evaluate
its impact in any future studies carried out on consumption.

Along these lines, the negative deviation of the water supplied to the city
of Alicante from February to December 2013 in comparison to the same
months of the previous year was considerable, with percentages of bet-
ween 3.83 and 5.54; and it is possible that the reduction in consumption
referred to could be related, at least to some extent, to meteorological
circumstances. From this perspective, and in a more notable sense, we
observe that average temperatures in the months of May, June, July, Au-
gust, November and December of 2013 were between 0.4 and 2.8°C below
those of 2012, being considerably milder than in 2012. We also note that
very little rain was seen in the late summer and autumn months of 2013;
only 11.40 mm from September to November (3.00 in September, an almost
non-existent 0.10 in October, and 8.30 in November): in other words, a dry

N° 6 /2014 AQUAEPAPERS



REDUCTION IN WATER CONSUMPTION IN SPAIN: CAUSES AND TRENDS
CASE STUDY: ALICANTE

autumn. Despite this, temperatures in November were lower than those in
2012, which calls to mind situations in the West with light rainfall and lower
temperatures, cloudy skies, less sun and generally poorer weather condi-
tions, which are not at all conducive to water consumption.

Up to now, the scarce data available, which is constrained to the compa-
rative analysis of 2012 and 2013, does not allow us to make further obser-
vations on this matter. But if we look at the general effects, there is little
doubt that the determining effect of meteorological conditions, and of the
weather in general in a city with a generally comfortable climate such as
Alicante, is a variable which should be clearly analysed in depth in relation
to the evolution of water consumption in the period studied, when situa-
tions arise with more frequent cases of unsettled weather, with scarce rain-
fall but cloudy skies, and which contrast sharply with the clear skies which
are more common in this city.

2.3 Evolution of non-domestic consumption in Alicante (2007-2013)
Evolution of commercial/industrial activity

The reduction of drinking water consumption in the city of Alican-
te has affected both the domestic sector and the non-domestic sector,
although some differences and nuances in this evolution should be noted.
The drop in the volume invoiced in the non-domestic sector (excluding offi-
cial and municipal customers) started in 2003.

Figure 9. Evolution of domestic consumption (m?) and the number of con-
tracts held in the city of Alicante (2000-2013). Excluding official and muni-
cipal customers
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Table 7. Evolution of number of supply contracts and water consumption
per sector in the municipality of Alicante (2007-2013)

Number of contracts Consumption in m?
Sector 2007 2013 2007 2013
Domestic 170,395 177421 15,832,628 14,513,745
Commercial 18,174 16,984 2,981,062 2,227,722
Industrial 775 74 1,313,333 695,649
Municipal 939 992 1,207,608 1,250,729
Other 1,798 2,261 1,496,773 1,380,131
Total 192,081 198,372 22,831,404 20,067,976

Source: AMAEM, 2014,

A considerable reduction has been seen in Alicante in terms of the number
of registered customers in the commercial and industrial sector since 2007,
coinciding with the start of the economic crisis. In this year, 18,949 contracts
were held, in contrast to the 17,698 contracts of 2013, representing a reduction
of 6.6% in the number of customers. However, the extraordinary and outstan-
ding reduction—equivalent to 32%— in these customers’ consumption for
this same period is even more relevant. The effects of the economic crisis on
the commercial, restoration and service sectors of the city of Alicante, which
has led to the closure of many businesses, is evident in this downward trend,
which affects both volumes billed as well as numbers of customers.

Figure 10. Annual evolution of non-domestic consumption (litres/inhabitant/
day) in Alicante (2000-2013)
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Furthermore, the reduced economic activity, the implementation of water-
saving devices, the rise in prices, the use of other sources of water such
as reused water or groundwater, and the introduction of more efficient pro-
duction processes in water use would also explain another important fac-
tor, which is the considerable drop in the water expenditure module mea-
sured in litres/registered customer/day in these consumption units, which
has plummeted from values of 939 litres/registered customer/day in 2003,
to 675 litres/registered customer/day in 2013.

The loss of economic activity in Alicante and its metropolitan area has also
been felt in terms of the industrial and logistics services carried out in the
industrial estates of Atalayas, Babel and Pla de la Vallonga, and this has
resulted in a notable reduction in drinking water consumption.

Table 8. Evolution of volume billed in the industrial estate of Pla de la Va-
llonga (2006-2013)

Year

2006 2013

Total (m?) 194,315 134,748

Source: AMAEM, 2014.,
Evolution of reclaimed water

Another factor which has played a role in the reduction of drinking water
for some urban uses, particularly in the watering of parks and gardens, is
the expansion of networks and areas where treated wastewater is used
and which AMAEM has distributed to private customers such as the Ali-
cante City Council since 2002. The greatest advancement seen in this
non-conventional source took place during the last drought of 2005-20089,
when its consumption increased significantly. In 2007, for example, the
use of this type of resource amounted to a total volume of 432,247 m?, of
which 180,378 m? was supplied to the City Council and another 250,869 m?
to private customers. In 2013, the consumption of reclaimed water in the
city of Alicante grew to 1,050,063 m3, of which 587,357 m?® was supplied to
the City Council and 462,706 m?® to private customers. This strong rate of
growth is also evident in the evolution of the number of contracts signed
by AMAEM with the City Council and individual customers, which grew
from 8 in 2007 to 90 in 2013, particularly in low-density urban areas that
have increased their consumption of reclaimed water for watering gar-
dens and allotments.
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This initiative, which Aguas de Alicante has driven forward in an effort to
extend the networks of treated wastewater across the city and the metro-
politan area of Alicante, breaks new ground in Spain and constitutes an
example of how to maximise efficiency in the complete management of the
resource, by replacing the white water consumed for watering with treated
and reclaimed wastewater.

A driving factor behind this expansion is the considerable difference in
current prices between reclaimed water, which was distributed in 2013 at
€0.32/m?3, and drinking water which, for a consumption of 30 m? per quarter,
may amount to average costs of €2.23/m3, with the respective charges for
conservation, the sewerage network and sanitation, plus the taxes included
in these charges which the supplier must pass on to customers.

Table 9. Evolution of reclaimed wastewater and drinking water consumption
at private properties in the Vistahermosa area (2007-2013)

Year Reclaimed water Drinking water % of reclaimed water
(m?) (m?) consumed

2007 1,830 152,334 119%

2008 4,544 154,756 2.85%

2009 30,109 129,793 18.83%

2010 56,750 139,443 28.93%

2011 50,380 138,332 26.70%

2012 70,534 118,228 37.37%

2013 85,644 120,124 41.62%

Source: AMAEM, 2014,

3. CASE STUDY: MUNICIPALITIES IN THE METROPOLITAN AREA OF
BARCELONA SERVED BY AIGUES DE BARCELONA

3.1 Evolution of total drinking water consumption in the municipalities
in the metropolitan areas of Barcelona served by Aiglies de Barcelona

In 2013, the population of the metropolitan area of Barcelona
supplied by Aiglies de Barcelona (23 municipalities) amounted to 2,868,692
persons, i.e. 1.9% more than 2007. This slight increase in population, howe-
ver, displays major variations in its distribution within this territory. Thus, the
highest percentage increases are located in small towns on the periphery,
such as Torrelles de Llobregat or Begues, while the large metropolitan muni-
cipalities have seen very little growth. Even without the impetus of previous
years, these figures appear to confirm the already observed trend in the
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movement of the population from compact urban environments (Barcelona
and its urban continuum) to peripheral environments with the predominan-
ce of more dispersed urban areas and, therefore, the greater weighting of
outdoor uses of the water, such as gardens and swimming pools.

Figure 11 shows the municipalities of the Barcelona metropolitan area
supplied by Aiglies de Barcelona, which form the subject of this study.

Figure 11. Municipalities of the Barcelona metropolitan area supplied by
Aigles de Barcelona

Source: Municipal Map or Catalonia, ICC. Administrative limits of Barcelona, Barcelona
Cioy Councll.

The metropolitan area of Barcelona has always been characterised by a re-
latively modest domestic consumption of water, which contrasts with other
Spanish cities and, of course, is very different to other cities with similar cli-
matic characteristics such as the western US. or Australia. In large part this
is due to the prevailing urban model in the city (the urban density is one of
the largest in Europe) and in the neighbouring municipalities, characteri-
sed by high-rise housing with relatively small surface areas and very basic
facilities (usually a single toilet, sink and shower) and occupied by families
consisting of several members.
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Therefore, most of the household uses of water in Barcelona and its imme-
diate surroundings are indoor and very basic uses. This model began to ex-
perience significant changes from the mid-1980s with the loss of population
in the denser metropolitan cores and the rise of the population in the peri-
pheries. These metropolitan migrations also spurred the growth of low-den-
sity urbanisation in the periphery and, thus, significantly altered the nature of
domestic water consumption by creating numerous single-family homes with
gardens and private pools or collective ones with the same services.

The evolution of domestic water consumption in this territory over the past
20 years has been characterised by a certain degree of growth from 1994
to 2003, and by a decrease starting from that year, which has worsened
since 2007. The peak in 2003 (143 hm? of household water billed for the
entire operations of Aiglies de Barcelona) may be partially explained by the
weather that year, which saw one of the hottest summers in decades. In any
case, for at least a decade the domestic consumption of the municipalities
in the metropolitan area of Barcelona served by Aigles de Barcelona has
been suffering continued falls in water consumption, following a trend com-
mon to most major cities in the developed world.

There are many causes that have been suggested to explain this decline,
including more efficient toilets, showers and household appliances, but also
the higher performance of the supply networks. In some cases, greater so-
cial awareness of the importance of conserving the water resource or the
levying of environmental taxes and tariffs on water may have played a role. In
the municipalities in the metropolitan area of Barcelona served by Aigles de
Barcelona's area of operations, in addition, recent decades characterised by
several droughts have also surely had the effect of instilling greater pruden-
ce in society regarding the use of this resource. Another factor that may have
influenced the drop in domestic consumption could be the increasing age
of the population compared to the total population in urban areas, since in
principle both groups are characterised by lower than average consumption.

The aim of the research, however, has been to focus the analysis on the
most recent period (2007-2013), which involves two factors, one of a more
physical nature (the 2007-2008 period of drought) and the other of a so-
cioeconomic nature which, in our opinion, may explain to a certain extent
the latest water consumption trends.

Figure 12 and Table 11 show the evolution of total water consumption from
the municipalities in the metropolitan area of Barcelona served by Aigles
de Barcelona for the period 2007-2013. It can be seen how water consump-
tion has experienced an 11.37% decrease over the period considered, with

N° 6 /2014 AQUAEPAPERS



REDUCTION IN WATER CONSUMPTION IN SPAIN: CAUSES AND TRENDS
CASE STUDY: MUNICIPALITIES IN THE METROPOLITAN AREA OF BARCELONA SERVED BY AIGUES DE BARCELONA

some municipalities’ consumption declining more than 25%, while others
have values lower than 10%. Domestic consumption in 2012 accounted for
69.71%, while industrial use amounted for17.78%, commercial use, 6.66%, and
municipal use, 5.85%.

Figure 12. Evolution of total water billed in the period 2007-2013
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Source: Aigles de Barcelona. Complied by the authors, 2014,

Given that the sharpest declines appear to have occurred between 2007
and 2008, a period characterised by a severe drought during which a de-
cree limited certain uses such as the cleaning of vehicles or watering of
gardens, and given that 70% of the consumption from the municipalities
in the Metropolitan Area of Barcelona served by Aigies de Barcelona is
domestic, it should be noted that much of this reduction affected outdoor
uses. This is corroborated by the sharp reductions in consumption du-
ring the summer months in some municipalities (see Table 10). Begues, for
example, which has the highest per capita domestic water consumption,
reduced its water consumption between June and September by more
than 50% from 2007 to 2013.
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In fact, it can be seen that the percentage reduction in water billed in the
warmer months (June to September) is five points higher than the reduc-
tion in the other months (January-May, October-December). Returning to the
case of Begues, we note that, while consumption between 2007 and 2013
fell by 50% in the warmer months, in the remaining months the consumption
in 2013 is higher than in 2007. It is interesting to note that the municipalities
that recorded declines of 20% and greater (Santa Coloma de Cervello, Be-
gues and El Papiol) are municipalities with relatively high consumption and
a significant presence of low-density housing, which are more likely to have
gardens and swimming pools, as we shall see in the next section.

Table 10. Change (%) in the water billed for the year and the months of June
to September from 2007-2013

Evolution (%) of Evolution (%) of water | Evolution (%) in water
annual water billed billed June-Sept. billed January-May/
(2007-2013). (2007-2013). Oct.-Dec. (2007-2013).

Barcelona -10.12 -13.63 -8.31

L "Hospitalet de Llobr. -14.83 -18.12 -13.14
Cornella de Llobr. -13.03 -21.77 -768

Gava -14.70 -4.08 -19.57
Sant Boi de Llobr. -12.26 -1770 -9.34
Santa Coloma de Cerv. -22.56 -9.62 -27.86
Viladecans 714 -10.42 -5.45
Castelldefels -10.40 -20.31 -3.66
Torrelles de Llobr. -11.88 o1 -1767
Esplugues de Llobr. -9.82 -11.93 -8.77
Sant Feliu de Llobr. -12.61 -9.27 -14.16
Sant Joan Despi -8.74 -28.12 5.82

Sant Just Desvern -18.37 -4.55 -24.30
Badalona -12.38 -16.67 -1017
Cerdanyola del Vallés -11.29 -14.53 -9.50
Montcada i Reixac -16.46 -14.52 -17.34
Montgat -279 16.47 -10.11

Sant Adria de Besds -11.06 -9.35 -11.87
Santa Coloma de Gram. -1779 -21.30 -15.99
Begues -26.59 -563.73 8.07

El Papiol -23.41 -4.51 -30.83
Palleja -15.60 6.56 -24.45
Sant Climent de Llobr. -10.87 8.01 -1790
Total -11.37 -14.76 -9.60

Source: Aigles de Barcelona. Compiled by the authors, 2014.

N° 6 /2014 AQUAEPAPERS



REDUCTION IN WATER CONSUMPTION IN SPAIN: CAUSES AND TRENDS
CASE STUDY: MUNICIPALITIES IN THE METROPOLITAN AREA OF BARCELONA SERVED BY AIGUES DE BARCELONA

Figure 13. Fall in water billed in the municipalities served by Aigles de
Barcelona
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From all of this it can be seen that it is easier to reduce the least essential
outdoor uses, but also that there is a difficulty in reducing consumption to
any significant extent, as it is already very low in the majority of municipali-
ties. However, the decrease in water consumption, in percentage terms, is
also significant in the high-density, low-income municipalities.

It is also very interesting to compare how water billing varies year on year.
As previously mentioned, the most important reductions by far occurred
between 2007 and 2008 and can, with a degree of certainty, be attributed
to one of the worst droughts in decades. In Table 11 we can observe how the
municipalities with higher consumptions, such as Begues, are also the ones
that have reduced their water demand the most between 2007 and 2008.

However, other municipalities, with more moderate consumption and lower
incomes also experience significant drops in consumption. Moreover, the
decrease in 2012 and 2013 observed in some municipalities with extensive
urban development could be attributed to the effects of the rising water
rate and especially the creation of a fourth tranche that may have affected
consumption for outdoor uses.
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Table 11. Year-on-year evolution (%) of total water billed in the municipalities
served by Aigles de Barcelona

Var Var Var Var Var Var Var;(i%OQ- ev.cl;?::ilon
2007-08 | 2008- | 2009- | 2010- | 2011- | 2012- (post- 2007-2013
(drought) | 2009 | 2010 | 2011 | 2012 | 2013 | PORC %)

Barcelona 64 A1 02 00 -09 19 298 1012
L'Hospitalet de
Clobn 67 15 27 13 22 13 727 -14.83
Cornella de -10.3 08 -30 08 15 -01 -3.85 -13.03
Llobr.
Gava 75 -09 02 22 08 5.3 -698 1470
Sant Boi de
. 62 -09 -31 29 10 06 -5.59 -12.26
Santa. Coloma -196 27 11 27 26 22 -1.03 2256
de Cerv.
viladecans -21 09 38 10 04 11 -432 714
Castelldefels -8.2 16 -07 -1.7 2.0 -35 -3.91 -10.40
Torrelles de 129 58 -09 25 15 25 -4.39 -11.88
Llobr.
Esplugues de 78 09 34 03 15 22 -3.06 -0.82
Llobr.
Sant Feliu de
o 95 18 11 15 02 07 161 1261
Sant Joan 76 20 12 08 | -37 02 317 874
Despi
ga”t Just 131 26 26 | 62 | -09 12 -8.41 1837

esvern
Badalona -46 18 20 14 1.2 20 -6.48 -12.38
Cerdanyola -101 33 08 08 19 62 -438 -11.29
del Valles
Montcada -40 -41 14 32 32 18 -9.25 -16.46
i Reixac
Montgat -34 0.0 -1.6 -7 16 25 0.64 -2.79
Sant Adria de 21 15 57 27 20 25 775 -11.06
Besos
Santa Coloma 55 59 | -49 | -08 19 00 749 4779
de Gram.
Begues -19.8 1.2 56 04 43 -86 1776 2659
El Papiol 28 40 | 10 55 55 75 -17.94 -23.41
Palleja 133 83 04 72 65 -86 -1010 -1560
Sant Climent -40 22 82 27 04 | -32 907 1087
de Llobr.
Total 66 1.0 A1 05 0.9 18 -419 11.37

Source: Aiguies de Barcelona. Compiled by the authors, 2014,
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3.2 Evolution of domestic consumption in the municipalities of the
metropolitan area of Barcelona served by Aiglies de Barcelona
(2007-2013)

Table 12 displays the evolution of the population of the municipa-
lities of the metropolitan area of Barcelona served by Aigles de Barcelona
between 2007 and 2013 (in percentage terms) and the evolution of domes-
tic water consumption billed in absolute terms and in litres per capita per
day (see also Figure 14). On the one hand, we can see how the majority of
the municipalities are growing in population terms, but, on the other hand,
we can also see how domestic consumption is decreasing in absolute
terms in most of these municipalities.

With these population figures, it has been possible to calculate the litres
per capita per day of domestic water consumption (from now LPCD). In the
third column of Table 12, we see that the percentage reduction in LPCD is
greater than the absolute reduction in domestic consumption, since the
population has increased over the period studied.

Table 12. Population evolution (%), evolution of household water billed and
domestic consumption per capita (2007-2013)

Populati?%)evolubion E":"c"’g;"{“b’i‘l‘l’:dse(;‘;'d Evolution LPCD (%)
Barcelona 1.05 -5.84 -6.82
é;“ifg’gfe'g; . 088 796 -876
Cornella de Llobregat 2.62 -4.84 -1.27
Gava 3.80 -765 -11.03
Sant Boi de Llobregat 332 -4.95 -8.00
Sta. Coloma de Cerv. 735 -472 -11.25
Viladecans 6.04 -2.50 -8.05
Castelldefels 6.99 -8.59 -14.56
Torrelles de Llobregat 1612 -13.69 -25.67
Esplugues de Llobregat 0.82 -6.22 -6.99
Sant Feliu de Llobregat 354 -5.58 -8.80
Sant Joan Despi 3.60 -5.32 -8.61
Sant Just Desvern 9.54 -6.30 -14.46
Badalona 1.62 -768 -915
Cerdanyola del Valles -0.20 -8.06 -7.87
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P0pulomcz;\6)evolutl°n E";";‘:;‘;"b’i‘l‘l’::e&‘)"d Evolution LPCD (%)

Montcada i Reixac 8.57 257 -5.53
Montgat 13.06 3.30 -8.63
Sant Adria de Besos 6.38 141 -4.67
Sta. Coloma de Gram. 2.80 -7.88 -10.39
Begues 173 -17.65 -26.30

El Papiol 6.88 -2.50 -8.77
Palleja 3.60 -14.07 -17.05
Sant Climent de Llo- 796 -3.22 -10.36
bregat

Total Agbar BCN 1.90 614 789
metropolitan area

Source: Aigles de Barcelona and the National Statistics Institute (INE). Compiled by the
auchors, 2014,

Figure 14. Domestic consumption per capita per day (LPCD) in 2007 and 2013
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Figure 14 displays LPCD figures for 2007 and 2013. As already mentioned
in the previous paragraph, Begues, the municipality with one of the hig-
hest domestic consumptions per capita of the municipalities served by
Aigles de Barcelona customers, is also the one with the largest reduc-
tion, in percentage terms, between 2007 and 2013. This chart gives an
idea of the spatial differentiation in the consumption of water among the
different municipalities served by Aigles de Barcelona, as well as the
spatial differences in the reduction in consumption between 2007 and
2013. Thus we can see that, in 2007, between the municipality with the
highest rate of consumption, Begues (177.95), and the lowest, Cornella
de Llobregat (101.54), there was a difference of 76.41 litres; in other words,
the consumption per capita per day in Cornella was almost 43% lower
than Begues. However, in 2013, it appears that the difference between
Begues (131.15) and the municipality with a lower rate, which is no longer
Cornella (94.16), but rather Santa Coloma de Gramenet (93.32), has fallen
to 37.83 litres, i.e. the difference is now 28.84%. This may indicate that in
recent years there has been a tendency towards a certain homogenisa-
tion in consumption, especially due to the larger decrease experienced
by outdoor uses, even if there continue to be significant differences
between municipalities.

To better understand these changes at the metropolitan level and in the
city of Barcelona, we must examine them in the light of the evolution of
different socio-demographic and economic variables.

It can also be seen that there is a certain relation between income and
consumption by the municipalities in the metropolitan area of Barce-
lona served by Aiglies de Barcelona (Figure 15). However, the limited
data available for this variable and for consumption per capita bet-
ween 2008 and 2012 does not allow us to make a calculation for any
year other than 2008.
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Figurel5. Ratio between gross household disposable income and LPCD
(2008)
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Source: Aigues de Barcelona aond the Statistical Institute of Catalonia (Idescat). Compiled
by the authors, 2014,

If we add other socio-demographic variables related to the foreign po-
pulation and the ageing of the population (INE 2007 and 2013 continuous
census data) we also obtain interesting results. All the municipalities show
an increase in the total population over 65 years of age between 2007 and
2013, with increases in some cases greater than 25%. At the aggregate me-
tropolitan level, the increase in the over-65 population in 2013 compared to
2007 was 7.87%. As you can see in Figure 16, a remarkable correlation can
be observed (R? = 0.379) between the increase in the population over 65
years of age and decreased water consumption.
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Figure 16. Correlation between decreased LPCD (%) and increase in the
over-65 population (%)
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Source: Aigues de Barcelona and the National Statistics Insticute (INE). Compiled by the
auchors, 2014,

Moreover, the foreign population increased by 15.39% between 2007 and
2013 in the municipalities served by Aigles de Barcelona. However, the di-
fferences between municipalities are relevant, thus there are municipalities
where the total number of foreigners has decreased and others where it
has increased very significantly, by more than 30%. However, these data
do not take into account the evolution of the total population and the evo-
lution of the weighting of these groups in the general population in 2007
and 2013. No significant correlations between this variable and decreased
water consumption were detected.
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Evolution of domestic consumption in the districts of Barcelona

Figure 17. Municipal districts of Barcelona

\#

Source: Municipal Map or Catalonia, ICC. Administrative limits of Barcelona, Barcelona
Cicy Councill,

As regards the evolution of water consumption in the 10 municipal districts in
Barcelona between 2007 and 2012, table 13 shows how this has decreased in
all districts, both in absolute terms and in relative terms. The greatest decrea-
se corresponds to the district of Les Corts, a middle -to upper-class district,
but which also includes the district of Pedralbes, Barcelona's wealthiest dis-
trict, where houses with gardens and swimming pools abound.
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Table 13. Variation (%) in domestic water billed by district (2007-2012)

2007-2012
Ciutat Vella -4.66
Eixample -6.45
Sants-Montjuic -5.50
Les Corts -7.35
Sarria-Sant Gervasi -6.45
Gracia -448
Horta-Guinardd -6.10
Nou Barris -6.68
Sant Andreu -5.06
Sant Marti -244

Source: Aigues de Barcelona and the Department of Statistics, Barcelona Cicy Councll.
Compiled by the authors, 2014,

Table 14 shows the annual evolution in absolute terms of the LPCD by
district. However, it is also interesting to note the percentage change in
the LPCD with respect to the previous year, as this allows us to clearly
ascertain when the largest decreases occur and whether they occur di-
fferentially by district. Thus, Table 15 indicates that the largest decreases
for all districts were recorded between 2007 and 2008, coinciding with
the peak of the worst drought in decades.

Furthermore, as happened with the municipalities in the metropolitan
area of Barcelona served by Aiglies de Barcelona as a whole, the grea-
test decreases correspond to the districts with the highest consumption
in 2007, that is, Les Corts and Sarria-Sant Gervasi, where outdoor uses
linked to low-density housing is more common.

However, it is clear that in recent years the decreases (in any case more
moderate than in the period 2007-2008) were slightly more intense in
the relatively low-income districts such as Sants-Montjuic, Nou Barris
and Sant Andreu.
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Table 14. Evolution (in litres) of LPCD by district (2007-2012)

2007 2008 2009 2010 2011 2012

Ciutat Vella 104.02 101.82 10364 106.30 10696 10590
Eixample 12916 122,98 120.86 12191 12117 119.30
Sants-Montjuic 12,07 10730 10515 104.68 104.49 102.69
Les Corts 13159 124.28 123.89 12219 12242 12074
gi’r’\ili'ssia”t 148.95 130.89 138.68 13784 136.94 135.22
Gracia 118.98 113.23 .97 1152 1279 112.03
gﬁ:;aar ” 10795 103.34 10161 101.28 101.03 101.03
Nou Barris 10018 9546 9513 94.27 9370 9212

Sant Andreu 10704 101.95 101.28 10054 9975 98.66
Sant Marti 10755 103.23 103.40 102.38 101.81 10051

Source: Aiglies de Barcelona and the Department of Statistics, Barcelona Cicy Council.
Compiled by the authors, 2014

Table 15. Evolution (%) of per capita consumption (LPCD) by district, compa-
red to the previous year

2008 2009 2010 2011 2012
Ciutat Vella -2 18 26 0.6 -1.0
Eixample -4.8 -7 0.9 -0.6 -1.5
Sants-Montjuic -43 -2.0 -0.4 -0.2 -7
Les Corts -56 -03 -14 0.2 -14
arria-Sant 61 -09 -06 -07 13
Gracia -4.8 -1 -04 11 -07
Horta- -43 a7 -03 -02 00
Nou Barris -47 -0.3 -09 -0.6 -7
Sant Andreu -4.8 -07 -07 -0.8 -1
Sant Marti -4.0 0.2 -1.0 -0.6 -1.3

Source: Aigles de Barcelona and the Department of Statistics, Barcelona Cicy Councll.
Compiled by the authors, 2014,

As we have already seen, the decreases in per capita consumption in
an urban setting, traditionally characterised by relatively low figures,
make all the municipalities in the metropolitan area of Barcelona ser-
ved by Aigles de Barcelona and, in particular, certain municipalities
on the immediate periphery of Barcelona, among the urban areas in
the developed world with the lowest levels of water consumption. In
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Barcelona, two districts, Sant Andreu (98.6 LPCD) and Nou Barris (92.1
LPCD), have total values below the limit of 100 litres/person/day recom-
mended by the World Health Organization and a further three districts
barely exceed this threshold. Besides having low consumption when
compared to Western standards, it is also evident that there is a clear
spatial segregation in this consumption. Thus, between the district with
the highest consumption in 2013 (Sarria-Sant Gervasi) and the lowest
(Nou Barris), a difference of more than 43 litres can be seen; in other
words, the per capita consumption in Nou Barris is almost 32% lower
than in Sarria-Sant Gervasi. However, if these data are compared with
those of 2007, we can see that the difference in absolute terms is lower.
In 2007, the difference between Sarria-Sant Gervasi (148.95 LPCD) and
Nou Barris (100.18 LPCD) was 48.77 litres. Nonetheless, the consumption
per capita in Nou Barris was 32.74% lower than in Sarria-Sant Gervasi
(very similar to the 2013 figure).

Below we present a brief set of conclusions at Barcelona district level on
the relationship between water consumption and other economic and de-
mographic variables.

Figure 18. Correlation between income and LPCD in Barcelona districts
(2012)
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Source: Aiglies de Barcelona and the Department of Statistics, Barcelona Cicy Council.
Compiled by the authors, 2014,
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Firstly, income shows a clear correlation with drinking water but not with
unemployment, probably due to distortions such as the weighting of the
informal economy, registry problems, etc. This is consistent with most
studies of this economic variable. Thus, income not only affects the abili-
ty to pay for water, but also the type of housing, the availability of house-
hold appliances, consumer habits, etc. Table 16 and Figure 18 show how
the correlations between income and water consumption are very high
for all the years considered, taking into account all the districts, with R?
higher than 0.9.

Table 16. Correlations (R?) between income and LPCD by year (taking into
account the 10 districts)

2008 0.9415
2009 0.9616
2010 0.9369
2011 0.9439
2012 0.9457

Source: Compiled by the authors, 2014,

On the one hand, when the correlation between income and water con-
sumption for the various municipal districts are calculated, taking into ac-
count all the years, and with the limitation of only having a short series of
data, we see that these correlations are particularly high in those districts
with low incomes and low consumption (Table 17). There is, therefore, an
important correlation in the poorest districts between decreases in the in-
come index and decreases in water consumption. On the other hand, if we
look at the values in Table 18, we can see that in Barcelona inequalities in
terms of income increased significantly with the economic crisis that began
in 2008. Therefore, while the districts with the highest incomes have not
experienced a change in their income index, or have even seen it increase,
all of the districts with lower incomes, with the exception of Ciutat Vella,
have seen their income index fall. It could be inferred that the lower income
districts may even be reducing their most basic water consumption needs
due to the crisis.
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Table 17. Correlations (R?) between income and LPCD by district (taking into
account the years 2007-2012)

Ciutat Vella 0.8701
Eixample 0.6870
Sants-Montjuic 0.7472
Les Corts 0.0741
Sarria-Sant Gervasi 0.0788
Gracia 0.2465
Horta-Guinardé 0.9396
Nou Barris 0.8845
Sant Andreu 0.8186
Sant Marti 0.6656

Source: Aigues de Barcelona. Compiled by the authors, 2014,

Table 18. Evolution of disposable household income index (Barcelona
Index = 100) (no data for 2012)

2008 2009 2010 2011
Ciutat Vella 7110 74.20 75.20 7700
Eixample 114.90 114.50 114.40 112.00
Sants-Montjuic 80.70 78.40 76.10 75.10
Les Corts 140.00 138.40 140.70 141.40
arria-Sant 17760 18260 186.20 178.90
Gracia 103.20 101.90 102.50 105.80
Horta-Guinardé 86.70 82.90 80.70 80.30
Nou Barris 7010 65.70 63.20 61.60
Sant Andreu 82.50 78.50 74.50 7410
Sant Marti 8750 83.70 81.50 81.70

Source: Department of Statistics, Barcelona City Council. Compiled by the authors, 2014.

In terms of other socio-demographic variables, we observe some in-
teresting relationships, which, although they do not prove causality,
do highlight trends that have also been observed in other studies. For
example, if we compare the percentage variation in foreign-born citizens
with the variation in water consumption (LPCD) in percentage terms, it
becomes evident that there is a certain inverse correlation (R? = 0.3518)
between the two variables. Worthy of note is the relationship that exists
in various age-related variables. For example, a high inverse correlation
is seen between the evolution of the ageing population index, which
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measures the ratio of persons over 65 years of age to those under 14 years
of age, and the evolution of the LPCD by district (R? = 0.6578).

We should once again highlight that all of the statistical correlations pre-
sented do not prove causality, but rather only indicate a relationship; fur-
thermore, we wish to point out that the number of cases for the study of
Barcelona is very small (10 cases). Thus, these correlations only indicate
trends, and the correlation coefficients presented (R?) must be interpreted
qualitatively. However, we also wish to clarify that such correlations have
been developed based on previous results from other studies in Barcelona,
as well as results that have been presented in the international scientific
literature.

The effects of the economic crisis, especially among the working classes,
combined with sharp price increases and water taxes, probably explain a
significant part of the decreases in water consumption. Another aspect that
should be highlighted in explaining the decreases in water consumption is
that relating to water-saving and -conservation campaigns. In this case, it
would appear that the repetition and insistence of public service announ-
cements in the media associated with droughts have been highly effective,
as well as the implementation of proactive measures, such as the free dis-
tribution of water-saving kits during the drought of 2008 in Barcelona, which
were remarkably successful.

The supply of these devices to citizens raised an interesting paradox that
highlights the degree of misinformation regarding these water-saving tools.
Thus, in some cases, users attempted to install flow regulators on taps
in homes which, since they were newly built housing, already had these
devices. Moreover, the presence of more efficient household appliances
(washing machines, dishwashers, etc.) has also undoubtedly contributed to
the decline in consumption.

Evolution of prices and taxes in the municipalities in the metropolitan area of
Barcelona served by Aiglies de Barcelona

Throughout this section we have emphasized the role that prices and taxes
may have played in the decline in domestic water consumption. In fact, the
international literature urges a separation of economic factors on the one
hand and administrative regulations on the other (e.g. restricting certain uses
by law), as the main factors leading to the decrease in water consumption.

With regard to economic factors, in the municipalities in the metropolitan
area of Barcelona served by Aiglies de Barcelona, the water bill includes a
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rate for supplying the water charged by the supplying company, plus the
so-called ‘water rate’ applied by the Catalan Water Agency (ACA), the public
body responsible for resource planning and management in the so-called
‘inland basins of Catalonia’. Both items are exclusive of value added tax
(VAT) which in Spain, in the case of water, has risen from 7% in 2007 to 10%
in 2013.

The pricing structure applied to the households in the municipalities in the
metropolitan area of Barcelona served by Aiglies de Barcelona is divided
into a fixed part and a variable part. The fixed part or service fee varies de-
pending on the contracted nominal flow. The variable part follows a model
which charges by consumption tranche, along an increasing price scale.
The aim of this model is to conserve the resource, such that certain levels
of consumption are penalised with the application of higher prices. This
model is applied in Spain generally and in countries with limited resources,
while in countries with abundant water resources in Northern and Central
Europe the prevailing rate model is that of a flat rate with a single price per
m3. In the municipalities in the metropolitan area of Barcelona served by
Aigues de Barcelona, in the period considered, the variable part includes
three consumption tranches: tranche 1 (for consumption between 0-6 m¥/
month), with a discount price to ensure access for essential applications;
tranche 2 (for consumption between 7-12 m3/month); and tranche 3 (for con-
sumption greater than 12 m3/month). For the purposes of fairness, the limits
of the tranches are extended depending on the number of people living in
the same household.

During the period studied, the so-called water rate has not only significantly
increased, but rather it has also seen its structure modified with the creation
of a fourth consumption tranche subject to a highly progressive scale (the pri-
ce of the fourth tranche is 9 times higher than the first consumption tranche).

Table 19 shows the modifications introduced between 2007 and 2013. It
is noteworthy that 2011 was the year in which the social tax was created,
establishing a fee for the first tranche without increases for holders of con-
tracts with consumptions equal to or lower than the basic allowance, and
provided they met one of the two situations provided for in Article 40 of the
Law on Government of Catalonia budgets: a) contract holders 60 years of
age or older who are considered pensioners due to retirement, disability or
the death of a spouse; and b) those belonging to a family unit in which all
of the members are unemployed.
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Table 19. Changes in the structure of the water rate 2011-2012

From 2007 to From 1 October to From 24 March 2012
30 September 2011 24 March 2012

Tranche 1 0-10 m¥month 0-9 m3/month
Tranche 2 10-18 m¥month 9-15 m®¥/month
Tranche 3 >18 m3/month >15 m3/month 15-18 m3/month
Tranche 4 — More than 18 m3/month

) Consumption below basic allowance and meeting
Social tax — :

requirement

Source: Aigues de Barcelona. Compiled by the authors, 2014.

3.3 Evolution of non-domestic consumption in the municipalities in the
metropolitan area of Barcelona served by Aiglies de Barcelona (2007-
2013)

Of the three major categories in the field of non-domestic water
uses, industrial uses have seen the sharpest decline, decreasing by around
20% in the period 2007-2012 (see Table 20). The economic crisis has led
to the closure or reduction in activity of many companies and, furthermore,
the increased incidence of environmental regulations no doubt explains
part of this decline, along with the introduction of more efficient production
processes in the use of resources. However, it should be noted that this
reduction relates only to the public water network, without considering al-
ternative sources of supply. In this sense, many companies in Zona Franca
and the Llobregat Delta have their own wells and therefore do not use the
water network. Therefore, the decline in industrial consumption may be less
than that indicated in the data from suppliers.

Table 20. Evolution (%) of water consumption in different sub-sectors for
all of the municipalities served by Aigles de Barcelona as a whole. Note:
The period considered is 2007-2012 (not 2013) because this is the last year
for which disaggregated data for the commercial, industrial and municipal
sectors were available.

Commercial Industrial Municipal Domestic

-12.61 -19.49 -18.63 -6.72

Source: Aigles de Barcelona. Compiled by the authors, 2014.

Municipal uses have also seen a significant decline in water consumption,
similar to the industrial sector, although, in general, these users pay a re-
latively low price for the resource. In this case, it is interesting to compare
the drought period from 2007-2008 with the economic crisis that began
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almost immediately after. During the drought, the municipalities that had
developed alternative resources, mainly local underground aquifers, were
better able to meet their water needs than those whose resources came
exclusively from the public network, since the latter were subject to res-
trictions by the decrees on drought. When water levels recovered after
the drought, the municipalities opted to return to using water from the
public network, which is cheaper than the ‘alternatives’, even for uses
such as street cleaning or irrigation of public spaces. In the next section,
which analyses the behaviour of the 50 largest water consumers in the
municipalities in the metropolitan area of Barcelona served by Aigles de
Barcelona, which includes several municipalities, we explain their beha-
viour in greater detail.

As regards use in tourism, which is included in the category of commercial
and industrial applications, this has acquired an increasingly important role
in the metropolitan economy. During the drought of 2007-2008, the pos-
sibility of restrictions caused many Barcelona hotels to introduce saving
measures. According to studies on water consumption in the Barcelona
hotel industry, it has been concluded that the periods of drought led to the
adoption of water-saving measures. These saving measures are intensified
when the droughts are severe enough to endanger the supply, as almost
occurred in 2008. During this drought, there was a fear of devastating con-
sequences for the city's tourism image due to the water restrictions. The
study also showed that the higher-rated hotels are, in principle, those most
likely to promote water-saving and conservation policies at their facilities,
as they are the ones with the highest consumption.

As for sports facilities, it should be highlighted that these replaced their toi-
lets and urinals with more efficient devices. Similar saving measures have
also been implemented to reduce consumption in green areas. Moreover,
virtually all the municipal swimming pools have already installed a closed
water cycle, without the need to replenish the water.

4. SURVEY OF MAJOR CONSUMERS
4.1 Sources and method of analysis

As already indicated in the introduction, the purpose of the ma-
jor consumer survey was to provide information on their uses and con-
sumption habits and any recent changes in the latter, particularly those
that might explain the decline in water consumption between 2007 and
2013. The survey contained a total of 50 questions divided into the following
sections and subsections:
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1. Basic information regarding the organisation (government agency or
company)

2. Approximate volume of water allocated to the various uses within the
organisation

3. Source of the water used

4. Characteristics and trends in water consumption in different usage
areas at the organisation (applicable areas depending on the activity)

5. Water leaks and loss

6. Overall trends in water consumption within the organisation (increase,
decrease)

7. Changes in water management within the organisation and reasons
for these changes

8. Environmental certificates
9. Other water-saving measures
10. Observations

The survey, therefore, contains a collection of information that is highly re-
levant to explain recent trends in water use and habits for a specific sector
of urban consumption hitherto little studied in Spain. The survey focuses on
non-domestic users of the municipalities served by Aigles de Barcelona
in the city of Alicante. From among these users, it was decided to select
a sample comprising the largest 50 water users (by volume) at Aigles de
Barcelona and the top 25 water users in the city of Alicante.

4.2. Analysis and presentation of the results of the surveys on major
consumers in Alicante

The sector of major water consumers has taken on significant
weight among urban uses of water in the city of Alicante, where we find that
around 35 customers use more than 20,000 m®/year, with a consumption
of 3,121,159 m?3, which in 2013 represented more than 14% of the total billed
drinking water volume. The financial and economic crisis that erupted in
Spain in 2007 has had serious consequences for the manufacturing sector
in the city of Alicante.
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Among the largest official registered customers, the Alicante City Council
occupies a very prominent place. Also significant is the consumption of
other official bodies such as the Government of Valencia, the Port Authority,
the University of Alicante and Alicante Prison.

In the industrial sector, the biggest customer is an industrial company de-
dicated to food production. With a water billing of between 50,000 and
80,000 m3l/year, there are 6 other major consumers, including 3 industrial
companies engaged in the production of cement, rolled aluminium and
the packaging of olives, respectively, as well as a large retail complex, a
hotel and another official agency. However, the segment with a total water
billing of between 20,000 to 30,000 m3/year is the most numerous segment,
with more than 20 registered customers including several hotels, hospitals,
shopping centres, industries, residential communities and sports facilities.

General consumption trends among the major consumers of drinking water in
the city of Alicante (2007-2013)

Despite the wide-ranging factors influencing the evolution of water con-
sumption among registered customers who are major consumers in Alican-
te, two primary trends can be identified from the set of water billing data
that has been analysed:

1. Moderate to strong increase in the volume of water billed. This group
includes around 12 major consumers, which during the indicated period
from 2007 to 2013 have seen a moderate or even a sharp rise in their con-
sumption. Within 5 of these registered customers, water consumption has
increased by more than 50%, and in another the growth exceeded 109%.

2. Mild or moderate to severe reduction in consumption. This trend
affects more than 50% of the major registered customers in Alicante,
although with large differences between them, making it necessary to
separate them into two groups:

a) Firstly, a group of major registered customers which have expe-
rienced mild to moderate relative declines in their water billing, always
less than 12%, and even in some cases less than 4%. This group includes
two important companies in the supermarkets and department stores
sector, which have experienced a reduction in their water billing of less
than 2% during the period from 2007-2013.

b) Secondly, we find a group containing major consumers that have ex-
perienced a sharp reduction in their consumption, with relative decreases
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greater than 25%, and in some cases 50%. The highest figures are found at
four major industrial businesses in the food industry and the rolled alumi-
nium manufacturing industry, which have suffered a sharp decline in their
manufacturing activity since 2007. This decrease is linked to the drop in sa-
les caused by the economic crisis, but also to the effects of business stra-
tegies aiming to relocate manufacturing to other existing plants in Spain.

Causes of the water consumption trends at major consumers

The results of the surveys of major consumers in the city of Alicante reveal
the following trends:

Figure 19. Consumption trends in the organisations surveyed

- 59%

... it has reduced

8%

... it has increased

33%

it has remained the same

Source: Interviews ‘Management of water consumption by non-domestic sector users in
the city or Alicante, 2014,

The estimated average percentage reduction in water expenditure within
companies that have reduced their consumption is 18.86%, with values that
range from 10% to 30%.

Regarding the motives that may have contributed to this reduction, relevant
factors are the adoption of more efficient systems, the effect of the crisis on
the manufacturing system or the water rate. Regarding the first option, 58%
replied that it was due to the installation of more efficient appliances (dual
flush toilets, new taps, etc.).

Also notable are the answers to the question whether the decrease is due
to the reduced activity of the company. Twenty-five per cent answered with
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a ‘yes’, and 33% with a ‘no’, with the rest responding ‘do not know/no an-
swer’, i.e. there is no clear relationship between the economic decline and
decreased consumption. This is largely due to the wide range of sectors
included under the heading ‘major consumers’: ranging from health and
educational facilities, through sports and logistics facilities, to companies
performing manufacturing activities in the strictest sense.

When these registered customers were asked whether the reasons for the
reduction in their water consumption were related to greater environmental
awareness in water-saving, 33% responded that this was indeed a factor,
with 25% replying that it was not; however, the reply ‘do not know/no answer’
was once again the most frequent response.

No link was detected between the price of the water and the fall in con-
sumption. None of the companies surveyed replied that the decline in de-
mand was due to the rising price of water. Of the answers obtained, 58%
put forward non-economic reasons, while the rest responded ‘do not know/
no answer’.

To understand the causes of the decline in water consumption among re-
gistered customers that are major consumers, it is necessary to analyse the
responses relating to changes in spending habits in the area of water. A high
percentage of respondents, 83%, said that in the last five years they had
made modifications to water management at their organisation in order to
reduce consumption. The reasons given for this stance were mostly econo-
mic, with economic factors being the explanation given by 60% of those who
responded affirmatively, while the remaining 40% were distributed equally
between environmental awareness and having more efficient technologies.

The number of major consumers who have environmental certification (ISO
14000 and ISO 14001) is small. This result confirms the importance that eco-
nomic factors have in reducing water consumption, compared with the adop-
tion of technologies that minimise such consumption. Positive responses
were received mainly from companies that have applied for this certification
and wish to accredit the fact that they are following environmental best prac-
tices, for reasons of public image in the eyes of their users or public opinion,
given the strong environmental impact of some of their activities.

The Alicante City Council
The Alicante City Council is by far the largest user of water in the city, with

a water billing volume in 2013 of 1,250,701 m?. This is in addition to the use of
reclaimed water, around 587,357 m?, and with 40,000 m? being provided by
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several water wells that collect resources from local aquifers, intended for
washing and cleaning the streets.

Regarding water consumption in gardens, public parks and green areas, the
survey results show that initiatives have been launched to replace traditio-
nal irrigation systems with more efficient systems, and to promote the use
of reclaimed water. If we examine the distribution of the different irrigation
systems in parks and gardens as a percentage, in most cases, which is 70%,
a drip is used, while 20% use sprinklers and the remaining 10% use a hose.

Figure 20. Evolution of irrigation water and reused water in the city of
Alicante
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800,000

700,000

600,000

500,000

400,000

300,000

200,000

100,000

0 :

2002
2003
2004
2005
2006 -
2007
2008
2009
2010
2011
2012 -
2013

2000 -
2001 -

Source: AMAEM, 2014,

Regarding water consumption at municipal sports facilities which require
water, in the past five years the surface area of their playing fields has re-
duced and been replaced with artificial turf.

A specific section has focused on public swimming pools. In the last five years,
closed-circuit water purifiers have been installed. In addition, generally and
compared to previous years, it has been confirmed that the maintenance of the-
se components requires less water, which have produced significant savings.

Ornamental elements requiring the use of water, such as fountains, ponds or
water facilities, have also been analysed. In the last five years, systems have
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been installed to improve the efficiency of water use in these components
and the frequency of water renewal in fountains or ponds has been reduced.

As regards the washing and cleaning of streets, water consumption has
fallen. It has also been pointed out that, at times, water for street cleaning is
obtained from sources other than the public network, mainly groundwater
from local aquifers. Overall, 40% of the water supply for this activity comes
from the public network and the remaining 60% from groundwater infras-
tructures and groundwater catchment wells.

The main urban function that characterises and defines Alicante as a city is
that of a city of services. Consequently, the City Council has a large number
of municipal offices. In this type of use, the demand for sanitation and hy-
giene services have assumed primary importance. The survey carried out
with the technical departments confirms that in the past five years water-
saving systems have been incorporated at municipal facilities, including
tap timers, electronic taps, dual flush toilets or efficient lavatories.

The section focusing on the management and conservation of the water
resource in public applications received responses indicating that no mu-
nicipal regulations related to water conservation exist. However, it has been
noted that in the last five years institutional information campaigns have
been promoted and training given to municipal workers encouraging water
conservation, for example, environmental education campaigns. It should
also be noted that in recent years no measure has been introduced that
would make it possible to ensure better control and monitoring of the use
of water in public applications.

4.3 Analysis and presentation of the results of the surveys of Ai-
glies de Barcelona 's major consumers in the municipalities within
the metropolitan area of Barcelona

In this section we present the main results of the survey performed
on major consumers of water in the non-domestic segment in the munici-
palities in the metropolitan area of Barcelona served by Aigles de Barcelo-
na during the months of January and February 2014. They have been divi-
ded into two main groups: a) city councils, which are the largest water users
in the non-domestic sphere; b) and the industrial and commercial sectors..

Water consumption by city councils

Most municipal water use is aimed at the irrigation of landscaped surfa-
ces in parks and green areas. Specifically, over 75% of the city councils
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surveyed stated that irrigation accounts for 50% or more of their total
water consumption. More than half of the municipalities that responded
to the survey state that water use in buildings accounts for about 20% of
the water used, mainly in toilets. As regards municipal swimming pools,
these account for about 10% of the total consumption in 50% of cases.
Street cleaning accounts for 10% or less of the water used in more than
80% of the cases.

Questions relating to the source of the water lead to a number of diffe-
rent responses. 38.5% of the municipalities state that more than 90% of
the water used comes from the public network. The use of groundwater
from local aquifers is quite significant. Around half of the municipalities
surveyed stated that 20% or more of their water resources come from
local aquifers.

Regarding indoor uses in public buildings, 85% of the municipalities sur-
veyed have taken actions to install water-saving systems in appliances or
devices used in toilets (taps, urinals, WCs, etc.) over the past five years. In
the remaining municipalities (15%), the respondents indicated that they had
previously installed such devices.

The use in the last 5 years of alternative water resources other than the
public network in public buildings was promoted by 30% of the surveyed
municipalities. Furthermore, in more than 75% of the municipalities, all mu-
nicipal buildings have individual meters.

Water consumption in municipal parks and gardens highlights the signi-
ficant presence of resources other than the public network. Specifically,
more than 75% of the municipalities have used alternative resources during
the past five years. In addition to using water sourced from outside the
public network, the city councils have carried out other saving measures:
installation of more efficient irrigation systems; reduction of lawn sizes, and
replacement of grass on the lawns with species that are less water intensi-
ve. Also noteworthy is the installation of individual irrigation meters in parks
and gardens.

Regarding irrigation systems, sprinkler irrigation is the method most em-
ployed, used on more than 50% of the irrigated area in eight of the thirteen
municipalities analysed.

To summarise the questions relating to the irrigation of parks and gardens,

nine municipalities (70% of the total) agree that their parks and gardens
require less irrigation water than in the past.
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A special irrigation case can be found at sports facilities requiring turfed
surfaces. Firstly, more than half of the municipalities state that they use
water sourced from outside the public network, and about 30% have re-
placed the irrigation systems on their playing fields with other, more effi-
cient systems in the past five years. However, due probably to the nature
of the sports activities practiced, only in two cases have they reduced the
surface area of the turf at this type of facility, although it is also true that
in 50% of cases playing fields are now planted with species that are less
water intensive. Overall, about 70% of the municipalities believe that they
have reduced the water consumption at their sports facilities over the
past five years.

As regards municipally-owned swimming pools, firstly there is notably a
wide-ranging variation in terms of size and capacity due to the great varie-
ty in the number and characteristics of the existing facilities. In any case,
more than 75% of municipalities reported that they have already implemen-
ted efficiency measures in the use of water (closed-circuit purifiers, mainly)
prior to the period considered under this study.

On the basis of the responses, ornamental water uses, principally in
public fountains, have also witnessed a trend toward falling consump-
tion. Thus, more than half of municipalities have installed more efficient
systems in their public fountains and more than half of municipalities
believe that the use of water by such installations has decreased over
the past five years.

As regards the washing and cleaning of public streets, about 70% of mu-
nicipalities reported having modified their processes in order to save on
water. A key element in this regard has been the use of alternative resour-
ces for this type of activity. Municipalities state that they use water sourced
from outside the public network for street cleaning, mainly groundwater
obtained from local wells. Overall, they state that they now use less water
for these functions than five years ago.

Institutional policies regarding water also display a wide range of cha-
racteristics. One factor that appears to indicate municipal interest in
better management of the resource are the so-called municipal water
conservation regulations, enacted in particular following the develop-
ment and implementation of the so-called ‘Local Agenda 21’ proces-
ses. Thus, only five municipalities (38% of the total) state that they have
implemented such a legal remedy, while the rest have no such instru-
ments. In any case, this is not an impediment to expanding water-saving
policies to the various municipal services. For example, over 75% of
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the municipalities claim to have carried out training activities to ensure
better water management among municipal employees, while a predo-
minantly monthly monitoring of consumption in the municipalities is also
performed.

Finally, in the section on global assessments, around 70% of the municipa-
lities stated that public water use in their districts has decreased over the
past five years. The reasons given for this trend are varied but, in general,
are mainly linked to greater awareness of the need to save water. In this
sense, in all cases and without exception, the municipalities have stated
that they have modified their municipal water management in order to re-
duce consumption.

Results of the survey on major consumers in relation to commercial and indus-
trial activities in the municipalities in the metropolitan area of Barcelona served
by Aiglies de Barcelona

Below we present an analysis of results that is similar to the previous section
but now for non-municipal industrial and commercial applications. Respon-
ses to the questionnaire in this section were received from 17 companies,
covering a wide variety of registered customers ranging from automotive
companies to hotel resorts to public universities, reflecting moreover the
great variety of the activities included under this heading. Figure 21 shows
the distribution of respondents by area of activity.

Figure 21. Distribution of respondents by area of activity

1 5
Sports clubs Industrial company
1

Municipal services

1 4
Government agencies Health sector
2

Hospitality industry

2 1
Universities Other

Source: Surveys of major consumers, 2014,
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Table 21. Distribution (in %) of applications by type

. - . Gover-
Sports | Industrial | Health Munu_:lpal Um_ver'- Hotels | nment | Others
clubs | company | sector services siby
agency

Services 40% 0-10% 30-90% 10% 40% 10-90% | 40-70% 10%
Cleaning 0% 0-50% 10-30% 10% 0-20% 10% 20% 0%
Green areas 10% 0-10% 0-10% 10% 10% 0-10% 0-10% 10%
Landscaped
sports 30% 0% 0% 0% 0% 0% 0% 0%
facilities
Swimming 10% 0% 0% 0% 0-10% 0% 0% 0%
pools
g;’r‘:::':a' 0% 0% 0% 0% 0% 0% 0% 0%
Laundry 0% 0% 0% 0% 0% 0-90% 0-10% 0%
Kitchen 10% 0-10% 0-30% 0% 0-10% 0% 0-10% 0%
Industrial 0% 20-100% | 0-10% 70% 0-40% 0% 0% 0%
processes
Others 0% 0-50% 0-10% 0% 0-1% 0% 0-10% 80%

Source: Surveys of major consumers, 2014

Table 21 shows the distribution of water use within the different types of
organisations surveyed.

The use of water in toilets (sinks, urinals, WCs, etc.) is one of the most signi-
ficant. Around 50% of the institutions surveyed stated that consumption in
this area accounts for 40% or more of their total water use.

In most cases (70% of the total) the water used comes from the public
network. In one case, they used their own surface water, which covered
only 10% of their total consumption, while in three other cases ground-
water was used.

In over half of the cases (10 of 17), technical upgrades had been made to
the toilets in these organisations, by incorporating appliances equipped
with water-saving systems. In over 75% of cases, the installation of water-sa-
ving urinals was detected. Overall, therefore, most of the major consumers
surveyed have toilets in which more than 50% of the devices are equipped
with water-saving devices.

Cleaning tasks have also been optimised in more than 50% of cases, in
order to save water.
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As regards landscaped areas, overall, the adoption of water-saving and
efficiency measures is not common, probably due to the low impact of this
use. Even so, we should highlight the adoption of measures such as the use
of alternative water sources, the installation of more efficient irrigation, the
reduction of the surface area of the lawns and/or the planting of less water
intensive species of grass or the installation of artificial turf. The prevailing
irrigation system is that of sprinkling, while for the most part the source of
the water is the public network.

The adoption by major consumers of changes in their production proces-
ses or in their overall operations in order to achieve improved efficiency in
water use was mentioned in eight cases.

Overall, more than 50% of organisations say they have reduced their water
consumption over the last five years. The reasons given to explain the trend
towards the reduction in water consumption are, in order of importance,
increased awareness of this issue in terms of water habits (seven cases);
installation of efficient technologies (five cases) and the reduced activity of
the company (three cases).

In no case were prices or taxes mentioned, nor the desire to use alternative
sources. Finally, seven of the seventeen organisations have an environmen-
tal certification which, in five of these seven cases, includes improvements
in water management.

5. CONCLUSIONS
5.1 General conclusions

From the study of the cases of Alicante and the municipalities in
the metropolitan area of Barcelona served by Aiglies de Barcelona in which
decreases of 12.1% and 11.4% respectively in the consumption of drinking
water were observed during the period 2007-2013, we can draw several
conclusions regarding the causes of this decrease in water consumption
in municipalities, which reached a high level of maturity in the water supply.
These conclusions are listed below:

1) Technical innovations: In both plumbing systems and electrical applian-
ces, great improvements in water consumption have been achieved. Sa-
vings of 40-60% compared with conventional models have been made.
Aerators and diffusers to reduce water consumption by 40% and the
installation of WC cisterns with dual flush systems also constitute a sa-
ving of up to 50%.
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2) Environmental awareness: Since the mid-eighties this has been in-
creasing in developed countries and has resulted in the modification
of a number of personal and domestic hygiene habits, the repairing of
leaks, the prevention of dripping taps, etc., which all favour a reduction
in consumption. The creation and consolidation of this greater environ-
mental awareness have been brought about by campaigns to promote
water saving and the responsible use of water, involving both general
activities at environmental fairs and other concrete actions including,
in particular, those aimed at children. Moreover, the series of droughts
have a great impact on drinking water consumption trends. During
drought cycles, water saving campaigns have been developed whose
messages affect consumption habits and remain after the period of
drought is over.

3) Ageing of the population: One demographic aspect to bear in mind is
the higher percentage of older people as a result of the ageing popu-
lation and they are more conservative in their water consumption. In
general, the percentage of the population aged over 65 is increasing
in all municipalities. Along these lines, and bearing in mind their more
conservative consumer profile, we could estimate that a person in the
over 65 segment consumes on average 25% less than an adult in the
previous segment.

4) Housing and emigration: Another demographic aspect that has an im-
pact on consumption is the growth in single-parent families, which has
favoured smaller-sized homes and, in principle, lower consumption ra-
tes. The number of houses no longer occupied is also increasing, as
a result of immigrants and retired EU residents returning to their coun-
tries of origin. Equally, the emigration of the indigenous population to
other regions or countries in search of work, and the decrease in the
average size of family units, which from the 1980s up to the present day
has dropped from 3.4 to 2.9 members, leads to a drop in consumption.

5) Price: The increase in the final invoice paid by users, together with
the consequences of the current economic crisis, have resulted in
their adoption of measures aimed at cost containment and, among
these, decreasing water consumption in order to reduce their bills.
Pricing systems with progressive rates favour awareness and water
saving in consumers by penalising use over a certain consumption
threshold. Additionally, this measure has also been encouraged as
a result of the rising price of water purification, due to the principle
of cost recovery. This aspect is particularly visible in certain types of
residential and tourist housing, due to the advantages of the climate
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on the Mediterranean coast, which leads to the existence of a large
number of swimming pools, both private and communal. In virtually
all of these pools, the water is maintained and treated instead of
being replaced each year. One example is the impact that the sharp
rise in the water rates in Catalonia since 2012, with the creation of a
fourth consumption tranche subject to a progressive pricing scale
(the price of the fourth tranche is 9 times higher than the price of the
first tranche), has had on the decreases observed after that year in
the municipalities with greater outdoor water use.

6) Economic crisis: With regard to domestic use, a decrease has been

observed in the occupancy levels of second homes. This has led to a
decrease in water consumption in these second homes, emphasizing
their highly seasonal nature, concentrated in the summer months, with
holidays now being significantly shortened due to economic reasons.
Likewise, the effects of the economic crisis have been felt particularly
in non-domestic uses, which on a whole have led to a 25% reduction in
water consumption. This trend is more obvious in the commercial, cate-
ring and services sector, and has forced many businesses to close, or
to choose to apply drinking water savings measures.

7) Efficiency in the supply network: The improvement in the network’s

performance is worthy of note. This means that the possibilities of in-
creased consumption associated with leaks are currently nominal. In
the case studies analysed, the companies have adopted various mea-
sures to achieve the continuous improvement of water performance,
including those that highlight the investments made to renew and im-
prove the state of conservation of the distribution network. So, it could
be said that the optimum situation has been attained, inasmuch as
carrying out additional investments would not be effective, since they
would cost more than the hypothetical water saving. The investments
made allow faults in the distribution networks to be reduced to the
very minimum. In this respect, in their letters of intent to customers,
some companies have included commitments that limit the interrup-
tion in supply caused by faults in the distribution network to a specific
timeframe, promising to pay customers compensation if their service
is interrupted for longer than the established time. Thus, it is likely that
there will be a decrease in consumption in those municipalities that
have the capacity to improve their water performance.

8) Reuse of greywater and rainwater: Although this has not yet been ge-

neralised, initiatives are starting to arise involving the reuse and use
of greywater and rainwater in detached houses and commercial acti-
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vities. These activities include the introduction if biological wastewater
treatment systems and cisterns or tanks to collect rainwater.

9) Climatic conditions: As for the climate, the conditions that deviate
from the so-called comfortable weather standards, should they be
prolonged over time, may lead, at least partially, to a modification of
personal consumption habits. A recent example of this, which had a
notable impact on consumption, occurred in the first quarter of 2013
compared with the same period in 2012. During the first quarter of
2013, in a generalised manner all over Spain, the values of accumu-
lated precipitation were higher than the same quarter the previous
year, and the average monthly temperatures were lower than those
in the corresponding quarter in 2012. Thus, we could deduce that
the significant decrease in consumption during this period may have
been caused by the climate.

All the abovementioned aspects could explain the reduction in per capita
consumption, which in Alicante resulted in values of 119 litres/inhabitant/
day and in Barcelona values of 105 litres/inhabitant/day. These particu-
larly low values could indicate that they are close to the maximum sa-
vings level possible for technical devices and innovations introduced in
baths and showers, more efficient household appliances and personal
consumption patterns.

5.2 Conclusions on major consumers

The evolution of water consumption revealed by the water billing
of major consumers, has followed a very similar trend to that seen in the
domestic sector.

At times, large swings in the consumption values of some of the abovemen-
tioned major consumers were noted. These year-on-year variations are re-
lated to the existence of leaks, either within the facilities and the buildings
served or in the water connections.

A high percentage of respondents, 83%, said that in the last five years water
management at their organisation has been modified in order to reduce
water consumption. The reasons given for this stance were mostly econo-
mic (60%). The remaining 40% were distributed equally between environ-
mental awareness and having more efficient technologies.

The main causes that explain the decrease in water consumption by the
major consumers are:
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1) Alternative sources of drinking water: There are major consumers who
have sought to reduce their bills for water sourced from the municipal
distribution network, by using their own deposits or the increasing use
of non-conventional sources to meet certain demands with reclaimed
water, especially gardening. The substitution of drinking water by reclai-
med water in the irrigation of public or private gardens points towards the
likelihood that this process will only gain in importance in the near future.

2) Renewal of equipment and improvement of facilities: Savings in water
expenditure based on the upgrade and renewal of equipment and faci-
lities are becoming commonplace, and will likely become a permanent
and widespread phenomenon.

3) Modernisation of irrigation techniques: The irrigation of all types of gar-
dens, above all in the major municipal consumers, has incorporated mo-
dern techniques of localised and controlled irrigation, providing signifi-
cant water savings.

4) Economic crisis: The situation of economic recession during the stu-
dy period has led to a decline in activity in the manufacturing system,
which has caused a sharp drop in water consumption.

6. TRENDS

The study suggests that recent developments in water consump-
tion are due to a combination of factors, some of a structural nature, remai-
ning over time, and others of a temporary nature, which would be expected
to be reversible.

Some of the main factors of a structural nature include technical innova-
tions, the efficiency of the supply network, raising the population’s aware-
ness, demographic changes and reuse. The economic crisis, meanwhile,
would be classified as a factor of a temporary nature.

We anticipate that the evolution of domestic consumption in the coming years
in municipalities in developed countries, which have reached maturity and
achieved consolidation in their water consumption patterns, will continue its
downward trend, but will be much more moderate than in recent years, as more
efficient appliances continue to be installed and changes in consumption ha-
bits among citizens become firmly rooted. This will help consolidate lower per
capita consumption. Nor do we expect a significant growth in population or a
significant increase in the housing market in the short or medium term, which
would compensate for the moderation in the per capita consumption.
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In any case, what can help moderate the fall in domestic water consump-
tion is the economic recovery in the sense that it will improve the occupa-
tion of second homes and the recovery of low-density housing.

With respect to non-domestic uses, we also expect a decrease, albeit more
moderate, in water consumption as a result of the consolidation of techno-
logical advances and the widespread use of alternative sources of drinking
water. However, in non-domestic uses, which are particularly affected by
the decline in activity in the context of the economic crisis, we expect that
as the economy begins to recover, we shall see an increase in water con-
sumption, especially in commerce, where water use has been particularly
affected by the economic crisis, resulting in the closure of businesses.

Moreover, it should be taken into account that the growing use of remote
meter reading will allow greater control of water consumption by users,
both domestic and non-domestic, likely leading to greater savings.

With regard to this last section, despite the fact that the use of this tech-
nology may lead to a possible reduction in consumption, it is important to
consider the benefits of the use and commercialisation of remote meter
reading, whether this be the more exhaustive control of meters and the per-
formance of the network, or providing customers with access to functions
enabling them to control and monitor their own facilities.

Along these lines, it is to be hoped that technological progress continue in
innovation, both with regard to household appliances and irrigation insta-
llations and systems, helping achieve lower water consumption. The current
regulation (Spanish Technical Building Code) also promotes efficient water
consumption facilities.
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