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Abstract: Pollution from wastewater discharges requires the treatment of all wastewater to maintain
water bodies in good condition, as well as the possibility of reusing this water. Thus, wastewater
treatment is an activity that has developed significantly in the Region of Valencia and has significant
costs, including energy, which represents the main economic cost and an important environmental
cost. In this way, efficiency and adequate financing of this activity are essential to minimise our
environmental impact. However, the main funding tool currently does not allow us to address this
issue, so we have a wastewater treatment with a high environmental cost in the form of greenhouse
gas emissions. This tool is part of the revenues of water services, so it is not entirely independent,
but it also seeks to prevent households from paying too high a total price. This leads to a situation
where changes are needed to improve the financing of the different water services, as the financial
resources obtained are insufficient and do not allow the current environmental problems to be solved.
The analysis shows the importance of an appropriate tariff structure, as well as the need to include
aspects such as water pollution and energy costs in the wastewater treatment tariff.

Keywords: water prices; water tariffs; sanitation taxes; wastewater treatment costs; energy costs;
household budgets

1. Introduction

Water resources are fundamental to all human activity, so their efficient management
is essential to achieve the environmental sustainability of society. Unfortunately, water is a
scarce resource in some parts of the world, and expectations for the future are for a reduction
of annual rainfall, increased periods of resource scarcity and increased incidence of extreme
weather events [1]. It is therefore essential to maximise efficiency in the management of
an essential resource whose situation is expected to worsen. This is the situation in the
Mediterranean area, a region where droughts or periods of scarcity, through their economic,
social and environmental impacts, are a major problem [2,3]. Droughts, compared to other
phenomena such as floods or storms, are more difficult to detect and quantify, which,
together with the prospect of increasing global temperatures, brings with it the need to
optimise our use of water resources [3].

In this context, one of the most important activities is wastewater treatment and reuse,
which has developed significantly in the Region of Valencia (Spain) as a response to the
scarcity of resources [4]. Purification is compulsory according to European regulations, as
it is of great importance to reduce pollution from discharges in order to maintain water
bodies in good condition [5]. Thus, there are minimum water quality criteria that must
be met in order for the discharge to be considered adequate [6]. Moreover, pollution
reduction is not the only contribution of this activity, as through improved treatment it is
possible to reuse reclaimed water, thus generating additional water resources and relieving
pressure on water bodies [7]. On the other hand, however, the activity has negative aspects,
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mainly derived from the environmental impact of the activity. This arises from various
factors such as the construction of facilities or the use of chemical products, but the high
energy consumption required to carry out the activity stands out [8,9]. This energy cost,
in addition to the pollution generated, as it comes largely from fossil fuels [4], is the
main economic cost of the activity, so maximising the energy efficiency of this activity
has both economic and environmental benefits [10]. In any case, wastewater treatment
partially avoids the deterioration of the quality of water bodies by reducing the presence of
pollutants in discharged waters, so it is not an activity that should be abandoned. In this
sense, it is expected that, in the future, if the status of these bodies of water continues to
deteriorate, the costs of wastewater treatment will increase, as the pollution to be removed
from the wastewater will be greater [11]. Finally, it should be borne in mind that the choice
of treatment is linked to energy consumption and economic cost [12]. Moreover, these
differences are not constant; the cost can vary significantly depending on the size of the
installation [13], as well as many other aspects [14].

This activity, of course, requires sufficient funding to be developed, and, as the Water
Framework Directive [5] indicates, it is the pollutant’s responsibility to pay for correcting it.
In this case, it is the water consumer who must pay for treatment, as it is his or her water
consumption that causes the need for treatment. Thus, in the Region of Valencia, financing
is obtained through a tax, called the sanitation tax, which is levied on domestic and
industrial water consumption. Therefore, this tax is mainly responsible for the treatment
aimed at reducing pollution from discharges, as the treatments aimed at regenerating
wastewater for reuse are usually financed by the end user of the water. In this region, the
levy is applied at the same time as local tariffs, so some water price effects can be attributed
to it. Of course, the main one is the cost recovery of the activity, which is essential, since,
between investment, operational and maintenance costs, the costs are significant and the
good condition and functioning of the infrastructure must be pursued [15]. Full cost
recovery is very difficult to achieve due to the high energy consumption, but even so, it
is necessary to raise the amount needed to maintain the activity [16,17]. The next price
effect is to reduce consumption, since water is a normal good, and if its price increases, its
consumption should decrease [18]. However, we must never forget that there is a basic
consumption that cannot be reduced by price increases [19]. In addition, it may be found
that the tariff does not adequately convey the cost of the service or the scarcity of water, such
that the relatively small amount of the water invoice would not change consumption. This
issue has two aspects of interest: firstly, the difficulty of predicting consumer response, with
its respective influence on public revenues, and secondly, the need for additional measures,
such as awareness-raising campaigns, to change the behaviour of water users [20]. There
are many other effects of water pricing policy, but the design of water pricing policy
depends largely on the economic, environmental, social and political situation [18]. In
order to face these characteristics, water prices have a certain capacity to adapt. In this
sense, the water tariff can take into account some specific aspects such as scarcity at the
time of consumption [21], the time of year of consumption [22] or the number of household
members [23], although additional information is missing when designing the tariff [23].
Among these factors, the household structure is of particular importance, because if prices
are set without taking into account the number of household members, household budgets
may be affected differently on the basis of this characteristic [24]. In other words, the tariff
should aim for fairness and not overly affect household finances [25,26], although it may
be the case that the water invoice is very low for the household [26].

All these details are relevant when designing the price of a water service, the financing
of which enables water policy to be improved [17]. Currently, the sanitation tax in the
Region of Valencia does not have consumption brackets but has a fixed service fee and a
variable fee that is applied equally regardless of how much has been consumed. The feature
it includes is that, depending on the size of the municipality, both components of the tax
vary, so that smaller municipalities pay a lower amount than larger ones. Given the current
situation of high energy consumption, with its respective environmental cost, the aim of this
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work is to analyse, with recent data, the energy consumption of the wastewater treatment
plants in the Region of Valencia, as well as the situation of the sanitation tax. In this way,
the aim is to provide knowledge with a view to its modification, which would make it
possible to reduce the considerable environmental impact of an activity that we cannot
do without. However, this work analyses a specific tariff structure, so without additional
information, it may not be useful for other regions with different tariffs and environmental,
social and economic situations. For this reason, when analysing the information available
for the Region of Valencia, the tariff structure of other places will also be assessed, thus
establishing the usefulness of the article for obtaining water revenues in an efficient way in
other regions. With this objective in mind, the next section will explain the data used and
the methodology followed. Then, the results will be commented on and discussed, and
finally, the conclusions obtained will be provided.

2. Materials and Methods

In order to meet the proposed objective, a series of data from various sources is used
to address the issue in a more complete way than with only specific data. Moreover, these
data have been worked on in a specific way to address the current problem.

2.1. Materials

In terms of data, several sources have been used to carry out this work (see Sup-
plementary Materials). Firstly, basic information on the wastewater treatment plants in
the Region of Valencia is available from the EPSAR (Entidad Publica de Saneamiento de
Aguas Residuales) website. Specifically, the analysis uses the average energy consumption
(kWh/m?3), the population served (population equivalent), the quantity of wastewater
treated (m3/day), the quantity of wastewater originally designed to be treated in the plant
(capacity of treatment plant measured as m3/day) and the removal efficiencies in terms of
Suspended Solids (SS), Biological Oxygen Demand (BOD) and Chemical Oxygen Demand
(COD). The quantity of wastewater originally designed to be treated in the plant is constant,
but the rest of the variables are 2018-year data obtained for each plant individually. Finally,
it should be noted that these data are the official operating results of the facilities in the
Region of Valencia. However, we do not go into detail on the treatments used on each plant
because there are big differences between them, the treatments are diverse and therefore it
is very difficult to find a general pattern.

On the other hand, information is included from the Household Budget Survey, which
is elaborated annually by the National Statistics Institute (INE for its Spanish acronym).
Four different editions of the survey are used, controlling by year, with the aim of increasing
the available sample. Specifically, information is available for the years 2016, 2017, 2018
and 2019. This survey works on Spanish households budgets, so it is not specific to
water resources, but it allows to include data on the price paid for water (EUR/year
or EUR/ m3) or for sanitation services (EUR /year or €/ m3 ), the number of household
members, household income (EUR/year) and water consumption (m3/ year). In addition,
due to the differences in sanitation charges depending on the size of the municipality, the
latter variable is also be included in the analysis. In order to eliminate cases that are very
far from the average, which would distort it, several criteria have been followed. Firstly,
households with an annual income of more than EUR 180,000 or an invoice of more than
25% of income have been eliminated. Households with a unit price of more than EUR 6,
an annual invoice of more than EUR 1000 or an annual invoice per person of more than
EUR 400 have also been eliminated. Finally, in terms of consumption, households with an
annual consumption of more than 1000 m? or with an annual consumption per person of
more than 400 m? have been eliminated. Unfortunately, households are not linked to any
particular city, as this is part of ensuring the anonymity of the survey respondents, so it
is not possible to take into account the particular characteristics of each city such as the
number of households in the city or supply water pricing system.
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To these two main sources of information were added the tariff for the sanitation canon
of the Region of Valencia (from the management report of EPSAR [4]) and the current tariff
for water supply of the city of Alicante (from the website of Aguas de Alicante), which were
a city of this region and allow us to observe differences in the way revenues are obtained.
Information is also included on the cost recovery of the hydrographic confederations
present in the Region of Valencia, such as those of the Jicar and Segura.

2.2. Methods

With the above-mentioned data, the analysis is carried out in two distinct parts. Firstly,
the available data on the wastewater treatment plants will be used in order to show some
aspects of interest. This will be done through maps created with the GeoDa program, thus
taking advantage of the geographical location of the facilities in the region. The data are
not represented on a map as such, but, due to the use of coordinates, the figures included
have the same shape as the Region of Valencia. After this, the wastewater treatment plants
are divided into different groups through a cluster analysis. Specifically, this analysis is
carried out on the basis of all the variables from the previous section. However, in order
not to give too much importance to the removal efficiencies, what is included is the average
of the 3. Thus, the classification is done by 4 variables: the average energy consumption,
the quantity of wastewater treated, the proportion of the project flow used and the average
removal efficiency. The number of clusters has been set to 5, the case grouping method
used is K-means and the measure of association used is the Euclidean distance.

Regarding the data on households, tariffs and cost recovery of the hydrographic
confederations, the main tool will consist of commenting on basic data. Thus, a table will
be shown with data on households from the Household Budget Survey. This table will
contain the different variables of interest depending on the size of the municipality in order
to make comparisons with the structure of the sanitation tax. As for the tariffs and cost
recovery data, these will be shown in tables before the data per household to contextualise
the situation.

3. Results

Based on the above data and methods, it is possible to pursue the proposed objective.
Thus, this section shows the results obtained, which allow us to generate discussion and
draw certain conclusions.

3.1. Energy Consumption of Wastewater Treatment Plants

The aspect of wastewater treatment that we would like to highlight is its high energy
consumption, which, as mentioned above, is associated with significant economic costs
and greenhouse gas emissions. In other words, improving the energy efficiency of this
activity and replacing its energy consumption based on fossil fuels with consumption
from renewable sources are key aspects. In this sense, the first point is to show the energy
consumption of the wastewater treatment plants in the Region of Valencia, which is done
by means of Figure 1. This map shows the flow treated per year (size of the circle) and the
average energy consumption (colour of the circle). As can be seen, the larger plants have
a low energy consumption, but these are not very numerous, as there is a large number
of small installations. Thus, a large dispersion can be observed between plants of similar
size, with the northern part of the region not having a particularly high average energy
consumption despite the high number of small plants. In the central part, although there is
a greater number of plants with high consumption, there is also a large number with low
consumption. However, the situation in the southern part of the region is very different,
as the proportion of plants with high consumption is higher than in the other two parts
of this region. In other words, it is possible that there is some important difference that
conditions the activity in this region.
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Figure 1. Map of wastewater treatment plants in the Region of Valencia, with the size of the circles
indicating the amount of wastewater treated and the colour indicating energy consumption. Source:
own elaboration based on EPSAR data.

For more information about the plants, Figure 2 shows the population served (size
of the circle) and the proportion of the project flow utilised (colour of the circle). On this
occasion, what we can see is how, in general, the installed capacity is not being utilised.
In this sense, the utilisation of the installation cannot be forced, and it could be the case
that certain plants are designed to be able to withstand the flow of wastewater at the time
of peak consumption. For this reason, in annual terms, these plants may appear to be
underutilised, as for a large part of the year the installation does not receive a large amount
of wastewater. However, even in this case, there are a significant number of plants with
very low-capacity utilisation, such that more treatment capacity is available than necessary.
Moreover, this wasted capacity is concentrated in smaller plants, especially in the northern
part of the region.

Finally, Figure 3, in order to provide information about the removal efficiencies, shows
the amount of wastewater treated (size of the circle) and the average removal efficiencies
(colour of the circle). Thus, we can see a clear relationship between size and yields, with
larger plants having higher yields. In fact, among the small plants, there are some that do
not meet the criteria set out in the regulation [6]. These are small installations that have a
low impact associated with them, but even so, they have an impact that is not adequately
addressed. In addition, most of the plants with low disposal yields are concentrated in the
northern and central parts of the region. This fits with the previous result of higher energy
consumption in the southern part of the region. In other words, the southern facilities
have higher energy costs in exchange for improved disposal efficiencies and therefore less
pollution from discharges and easier wastewater reuse.
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Figure 2. Map of wastewater treatment plants in the Region of Valencia, with the size of the circles
indicating the population served and the colour indicating the percentage of installed capacity
utilisation. Source: own elaboration based on EPSAR data.
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Figure 3. Map of wastewater treatment plants in the Region of Valencia, where the size of the circles
indicates the amount of wastewater treated and the colour indicates the percentage of disposal
performance (measured as the average of SS, BOD and COD). Source: own elaboration based on
EPSAR data.
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On the other hand, in order to expand the information about the wastewater treatment
plants in the region, they have been grouped by means of a cluster analysis, whose results
are shown in Table 1. The grouping and basic data of the five clusters created are in line
with the information obtained from Figures 1-3, as the grouping is closely related to the
size of the facilities. Thus, the first group contains 428 plants, representing 88.61% of the
total, which, added to the 38 plants in the second group, makes a total of 96.48%. From
here on, the groups are made up of plants of increasing size, until the last group is made
up of one plant that is significantly larger than all the others. It can also be seen that the
plants in the group have the lowest project flow utilisation, the worst disposal performance
and the highest energy consumption of all. Of course, within this group, there is significant
heterogeneity, which could be observed thanks to the maps. In any case, it is worth noting
that there is a large number of small plants that are very difficult to operate efficiently,
which has led in the past to proposals to concentrate flows as much as possible to reduce
the use of small plants [9].

Table 1. Basic data on the groups of treatment plants in the Region of Valencia.
Variable/Cluster 1 2 3 4 5
Population served (Inhabitant equivalents) 1889.89 36,618.50 125,616.00 308,637.67 852,799.00
Proportion of project flow used (%) 0.55 0.58 0.63 0.73 1.06
Energy consumption (kWh/m? /year) 0.80 0.58 0.43 0.28 0.23
Wastewater treated (m3 /year) 165,664.23 2,816,987.8 8,748,412.5 24,576,903 77,346,001
SS removal efficiency (%) 91.32 95.97 95.77 95 97
BOD removal efficiency (%) 94.64 96.53 97.46 97.67 98
COD removal efficiency (%) 90.01 92.97 93 93 94
Removal efficiencies (Mean SS, BOD and COD, %) 91.99 95.16 95.41 95.22 96.33
Number of plants 428.00 38.00 13.00 3.00 1.00
Percentage of total plants 88.61 7.87 2.69 0.62 0.21
Cumulative percentage 88.61 96.48 99.17 99.79 100.00

Source: own elaboration based on EPSAR data.

3.2. The Situation of Households and Water Supply and Treatment Tariffs

Given the current situation of the wastewater treatment plants in the Region of Valencia,
where high energy consumption represents a significant economic and environmental cost, we
now analyse the financial situation of wastewater treatment and reuse. Firstly, Table 2 [27,28]
and Table 3 [29,30] come from the hydrological plans of the hydrographic confederations
of the Jucar and Segura, both of which are present in the Region of Valencia, and show the
cost recovery of both confederations. In general terms, cost recovery is low and limits the
capacity to act. In terms of reuse, in one case, cost recovery is directly non-existent, while in
the other case, there is some recovery, although it is quite low. For collection and treatment in
public networks, the share of adequately financed costs is much higher, although there is still
a significant lack of funding. Finally, in terms of total costs, we can see that an improvement in
cost recovery is expected for the next hydrological cycle, but even with this improvement, the
funds available are very limited, which greatly limits the capacity of the basin organisations
to introduce modifications if they do not receive greater funding.

Table 2. Cost recovery for reuse, collection and treatment in public networks and total cost recovery of the Jucar Hydro-
graphic Confederation for the hydrological cycles 2015-2021 and 2021-2027.

Cost Recovery Financial Costs Total Costs
Jucar Hydrographic Confederation 2015-2021  2021-2027  2015-2021  2021-2027
Urban (garden irrigation) - - - -

Reuse Agriculture/ranching 0% 0% 0% 0%

Industry (golf)/energy 0% 0% 0% 0%
. : ; Urban supply 83% - 75% 83.40% *
Collection and treatment in public networks Industry/energy 83% ) 75% 79.81% *

Confederation Totals (Including all water services) 84% 93% 78% 87%

* These data include the economic and environmental costs, but not the resource cost. Source: CH]J, 2015, and CH]J, 2019.
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Table 3. Cost recovery for reuse, collection and treatment in public networks and total cost recovery of the Segura
Hydrographic Confederation for the hydrological cycles 2015-2021 and 2021-2027.

Cost Recovery Financial Costs Total Costs
Segura Hydrographic Confederation 2015-2021  2021-2027  2015-2021  2021-2027
Urban (garden irrigation) - - - -
Reuse Agriculture/ranching 5% 4% 3% 2%
Industry (golf)/energy 53% 53% 53% 53%
. . . Urban supply 80% 70% 46% 42%
Collection and treatment in public networks Industry/energy 829% 70% 47% 4%
Confederation Totals (Including all water services) 83% 82% 57% 63%

Source: CHS, 2015, and CHS, 2020.

Therefore, the possibility to introduce modifications will be left to EPSAR, the public
entity responsible for wastewater treatment and reuse and therefore also responsible for
raising the necessary revenues. As mentioned above, the tax establishes a price according
to the size of the municipality, as shown in Table 4 [4]. As can be seen, municipalities pay a
significantly lower price compared to large municipalities (EUR 0.321 to EUR 0.441). This
is related to the fact that the pollution load of wastewater from smaller municipalities
is lower than in larger municipalities. However, considering that larger plants are more
efficient in terms of energy consumption and disposal performance as well as economic
costs, this is a striking fact. In addition, the economic characteristics of each municipality
(or size of municipality) should also be considered in order to develop an efficient charge.
These characteristics are assessed later, as we now compare the sanitation tax with one
of the water supply tariffs. In particular, Table 5 [31] shows the tariff for the city of
Alicante, the second-largest city in the Region of Valencia, which has a very particular
design. Specifically, this progressive tariff presents an initial consumption bracket at a very
low price so that the basic supply is guaranteed at a price that any household can afford.
However, as household consumption increases, so does the price, reaching a maximum
of EUR 2.85/m?, which is a relatively high price that is, in fact, several times more than
the sanitation charge applied to them (EUR 0.441). Although reaching this consumption
bracket requires the consumption of a large amount of water, the previous brackets are also
expensive at around EUR 2/ m3. On the other hand, this tariff has other special features,
such as the fact that the service fee has discounts for the long-term unemployed or that
the consumption brackets are modified according to the number of household members.
Thus, the standard tariff shown in Table 5 only applies to normal households, i.e., not large
families. In the case of large families, depending on the number of children, the brackets are
modified so as not to overly penalise the consumption of such large households. Therefore,
this tariff has a structure that allows for some customisation of the way revenues from the
water supply service are obtained.

Table 4. Sanitation tax of the Region of Valencia.

Sanitation Tax

Population Brackets of Municipalities Consumption Quota (EUR/m?) Service Fee (€/year)
500-3000 0.321 3243
3001-10,000 0.376 39.75
10,001-50,000 0.412 43.81
More than 50,000 0.441 44.83

Source: EPSAR, 2020.
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Table 5. Standard rate for domestic water consumption in the city of Alicante.

Household Customers * Euros/m3
From 0 to 12 m3 per quarter 0.01
From 13 to 30 m3 per quarter 0.7
From 31 to 45 m> per quarter 1.95
From 46 to 60 m3 per quarter 2.02
From 61 m® per quarter onwards 2.85

* The service fee depends on the meter. There are some discounts, for example, in the fixed payment for being
long-term unemployed or in the variable payment for being a large family (large family being understood as
families with 3, 4, 5 or 6 or more members, with each of these having sections adapted to the number of members).
Source: Aguas de Alicante, 2021.

Finally, as mentioned above, it is essential to know the characteristics of households
in a region in order to properly assess a tariff or charge that will be applied to all of them.
With this objective in mind, Table 6 shows the available data on households in the Region
of Valencia by size of municipality. The values of the variables correspond to the average
of all households. Firstly, if we talk about prices, we show the unit price per water tariff,
per sanitation service and the total. The first of these prices does not show a clear pattern,
but the payment for sanitation is higher in small municipalities. However, these payments
present other sanitation services such as sewerage, so they do not accurately reflect the
sanitation fee. It should be recalled that the fee is lower in smaller municipalities, so in
reality, the fee payment is actually small compared to the total price. In this respect, the
total price is between EUR 2.26 and EUR 2.80, of which only a maximum of EUR 0.441 (plus
the service fee, which is independent of the amount) corresponds to the sanitation charge.
If we take into account consumption per household and per person, we find that both
consumptions are lower in the smaller municipalities, so that the higher unit price they
present does not correspond to irresponsible consumption, at least in comparison with the
rest of the households. If we also include household income in the analysis, we find that
household income is high in small municipalities; in fact, income per person is the highest
of all. Households in municipalities with between 50,000 and 100,000 inhabitants have a
higher income per household, but their higher number of household members means that
the income per person is lower than in smaller municipalities. Households of all other
sizes have a lower income than the households discussed above. Finally, the key aspect
of this analysis is the share of water and sanitation payments in total household income.
Thus, since water supply is more expensive, it has a higher share of income than sanitation
services. In total terms, this proportion is around 1.5% for households in municipalities
with less than 50,000 inhabitants and around 1.3% for the rest. That is to say, if we value the
price of water and sanitation payments together, we find that, in relative terms, households
in small municipalities suffer a higher cost. However, this is not due to the sanitation
charge, as this is lower in precisely these types of municipalities. In other words, in relative
terms, smaller municipalities have a higher water supply price but a lower sanitation
charge compared to larger municipalities. Therefore, as can be deduced, the situation is
complex, and introducing modifications can be very complicated, but it is necessary given
the current situation of scarce resources, high pollution and inefficiency in the wastewater
treatment plants of the Valencian Community.
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Table 6. Characteristics of households in the Region of Valencia by size of municipality.

Size of Municipality (Inhabitants) Less Than Between 10,000 Between 20,000 Between 50,000 More Than
. 10,000 and 20,000 and 50,000 and 100,000 100,000
Variable
Unit price of the tariff (EUR/ m?) 1.78 1.68 1.44 1.45 1.64
Unit price of sanitation (EUR/ m®) 1.03 1.03 0.82 0.88 0.85
Total unit price (EUR/ m°) 2.80 2.71 2.26 2.33 2.49
Weight of the standard invoice on income (%) 0.97 0.96 1.02 0.84 0.88
Weight of sanitation on income (%) 0.53 0.53 0.55 047 0.44
Total weight on income (%) 1.50 1.49 1.57 1.31 1.32
Household consumption (m3/year) 104.70 109.14 117.45 118.93 109.27
Consumption per person (m3/ year) 50.62 51.71 59.44 55.02 54.84
Household members 2.49 2.52 241 2.60 2.35
Household income (EUR/year) 25,409.04 23,006.56 21,697.31 26,787.04 22,371.14
Household income per person (EUR/year) 11,671.59 10,773.02 10,490.80 11,369.70 10,677.71

Source: own elaboration based on INE data.

4. Discussion

The results obtained show some aspects of interest that are very important for the
efficient treatment and reuse of wastewater. We have been able to observe how the energy
consumption of the wastewater treatment plants in the Region of Valencia is very high,
mainly due to the large number of small plants. However, it has also been observed that
plants in the southern part of the region have a higher energy consumption than those in
the north, but in return, they have higher disposal yields, so the quality of the outgoing
water is better. This has a huge effect on the economic cost of this activity, as the energy
cost is its main economic cost [10]. For this reason, it is convenient to analyse the source
of income of this activity, which has shown us that there is a large difference between the
structure of the sanitation tax and the tariffs applied to water supply. In this way, we find
that the sanitation charge represents a small part of the total payments for water services
or sanitation, which means that it is a very small part of household budgets. In this sense,
and given the results obtained on the economic situation of households in the Region of
Valencia, it would be worth considering making changes to the sanitation charge.

However, while the changes are appropriate, we must take into account the current
design of the revenue source and how it relates to the current economic situation in the
region. This is a fundamental aspect, as the revenue structure of water services is key to
the efficient management of water resources [32,33]. In this sense, we can find different
types of tariffs, among which linear tariffs and increasing tariffs stand out [34,35]. For this
reason, the analysis about the structure of water tariffs and the aspects to be taken into
account in wastewater treatment payments is of value beyond the study area. In the case of
the Valencia Region, the tariff is linear, but the unit amount paid depends on the size of the
municipality. Thus, the sanitation fee is lower in smaller municipalities, where the energy
and economic cost of the activity is higher and the household income per person is higher
than elsewhere. This is one of the aspects to be taken into account, as the energy cost is one
of the most important in this activity. However, these smaller municipalities face a higher
price for water supply than the rest. In other words, the situation is very complex, as the
tariff for water supply and sanitation services is set at the local level, while the sanitation
fee is the same for the whole region. Therefore, this difference implies that both types of
payment are set independently and may have an unequal impact on households depending
on the location. This is of great relevance, as the regional government seeks to ensure that
public prices affect households in a balanced way. Unfortunately, in the absence of control
over local prices, the regional price, which was subsequently established, is conditioned by
them as long as it remains the objective of not overburdening household budgets. Given
this situation, a simple increase in the charge can have important consequences on this
objective and on the financing of the activity. It should not be forgotten that the cost to
the household of the sanitation charge is actually quite small, and its increase could be
difficult for users to perceive. In this respect, the importance of public acceptance of the
activity should not be forgotten, as users’ willingness to pay will be reduced if they do
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not correctly perceive the benefits obtained [36,37]. In any case, the results obtained for
payment for supply and for sanitation services have shown us the large differences that
can arise when water design revenues are designed at different territorial scales. In this
respect, the balance between the two types of payment can vary greatly between regions.
This is not a major problem as long as payments are not particularly high or there is no
need for additional funding. However, it is a problem to be solved when tariff imbalances
lead to problems of equity or financing of the service.

Given the lack of control over local payments, a sanitation tax capable of efficiently
financing the activity of wastewater treatment and reuse is essential. In fact, it is not only
a necessity of the Region of Valencia, but improvements must be introduced throughout
Spain in order to adapt the activity to European regulations and achieve cost recovery [38].
In this sense, it is very convenient to assess whether the structure of this type of payment,
which simply includes the size of the municipality, is the most appropriate. As discussed
above, this simple structure is easy to manage, but it is not suitable for efficient revenue
collection. This simple structure does not allow taking into account some aspects that
have been shown to be relevant in determining the functioning of the activity. On the
one hand, we should appreciate the fact that the tariff is linear, as it does not provide any
disincentive to the water consumer. We should not forget that this price, in the eyes of the
consumer, is part of the water invoice and reacts to it in conjunction with the water supply
tariff. Thus, the ability of water pricing to stimulate efficient resource consumption is being
underutilised. Linear tariffs, although not as common today as increasing block tariffs,
still have a significant presence worldwide, and this type of analysis becomes relevant
to study their modifications [34]. On the other hand, the wastewater treatment activity
has some particularities that need to be considered. Firstly, the presence of pollutants in
the water significantly conditions the operation of a treatment plant, so that a tariff that
does not include this issue would be neglecting an important aspect of a treatment plant’s
performance [39]. Secondly, the situation is similar with respect to the energy cost, which
has a significant environmental and financial cost and depends to a large extent on the
efficiency of the treatment plant but has no influence on the tariff. These two aspects are an
important part of a tariff that efficiently finances wastewater treatment. However, global
tariffs do not include these relevant aspects, but their use is similar to those for water
supply and does not take into account the particularities of this water service [34,39]. Thus,
the analysis of the situation in the study region has allowed us to assess both the tariff
structure and the aspects that should be included in it, which are universal issues that
can be used elsewhere. The example of the Region of Valencia is a clear illustration of the
impact of these issues on the operation of the plants and, therefore, of their financial costs
and the need for appropriate tariffs. The situation in this region has shown us how the tariff
must be adapted to specific situations in order to function efficiently. Otherwise, within that
region, we would be faced with economic inefficiency and inequality of payments, which
would be added to the already existing regional differences in Spain and Europe [40-43].

The current Valencian tax has an unequal impact on different households and does
not generate sufficient revenue to address the energy consumption problems of wastewater
treatment plants, especially the large consumption of smaller plants and the high green-
house gas emissions associated with larger plants. Therefore, one alternative could be to
modify the structure of the sanitation charge. The positive side of this possibility is that
the different local tariffs have already worked on these issues, although in most cases the
structure of these tariffs is reduced to introducing consumption brackets with increasing
prices. This could be an alternative for the sanitation charge so as to discourage excessive
consumption, which, apart from being an irresponsible act in environmental terms, leads
to increases in the amount of wastewater to be treated in the purification facilities, with a
corresponding increase in the size of the plants [15]. Thus, such consumption represents
an unnecessary extraction of water resources and leads to an increase in the economic
and environmental costs of wastewater treatment plants. A progressive sanitation charge,
which would be coupled with similar tariffs, would address this issue. However, in any
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case, it would be interesting to have updated and accurate information on the economic
and energy costs of each plant, as well as the population they serve, in order to be able to
design the income from this activity in an efficient way.

Therefore, the current structure of the sanitation charge is adequate to achieve a certain
level of revenue, but it is not adequate to finance the full (economic and environmental)
costs of the activity, nor to have an equitable impact on the different users of the service.
This is the reason for this analysis, which has allowed us to observe how the particularities
of wastewater treatment require specific tariffs to obtain revenue in an efficient manner.
Thus, aspects such as the pollution present in the wastewater and the energy cost of the
installation should be assessed. Otherwise, the tariffs would not adequately convey the
message they are intended to convey. In the same way that the water supply tariff seeks to
inform about the financial cost of the service and the scarcity of the resource, the wastewater
treatment tariff must convey the message of the high financial and environmental cost
of the activity and the importance of minimising discharge pollution. In any case, it is
very important to analyse the specific situation in a region before making tariff changes.
Payments for water services should not be an excessive item in household budgets, but
the financing of these services should be ensured in an efficient way. This issue, while
relevant, is highly case-dependent, as the socio-economic situation may vary from case to
case. At present, this is not only a problem of the Region of Valencia, but there is still a
large worldwide presence of linear tariffs, but above all, the current wastewater treatment
tariffs do not include the aspects discussed in this article. However, it should be noted that
the inclusion of aspects related to the operation of the activity would imply a significant
management cost, so this is an aspect that needs to be studied in depth.

5. Conclusions

The aim of this work was to analyse the current situation of the energy cost, with its
respective economic cost, of the wastewater treatment and reuse activity in the Region
of Valencia, as well as to determine the adequacy of the current sanitation tax used as a
financing tool. The result is valuable information on what aspects should be taken into
account when designing such a tariff. Thus, it has been found that, while the size of the
installation is a key determinant of the energy and economic cost of the treatments, there
are other aspects that must be taken into account. The possibility to geographically locate
the available wastewater treatment plants has shown us that in the southern region, a
higher energy cost is incurred in order to achieve a higher quality of the resulting water.
The situation in the north is quite different, as the energy cost of the activity is lower, but it
can also be observed that the outgoing water from the plants in that part of the analysis
region has a lower quality.

Therefore, the size of the plant is a key aspect to consider when designing the tariff,
but no geographical discrimination can be included in the form of financing. In any
case, the particularities of this activity require a financing instrument that addresses the
specific situation. In this sense, the current charge only takes into account the size of the
municipality when setting a price. This may make some sense, but in practice it does
not fit the situation we live in, where the environmental cost of wastewater treatment
is unnecessarily high due to the lack of energy efficiency. For this reason, it would be
interesting to obtain new revenues, for which it is necessary to look at the situation of
households, which are the ones that provide the main financing. In doing so, we find
that there is an imbalance in the payments for water services, as households in small
municipalities suffer a higher price for water supply but enjoy a lower sanitation fee.
In total, these households have a relatively high cost for the sum of water supply and
sanitation services. In other words, while they contribute less funding to wastewater
treatment, they pay more for local services. This shows a significant imbalance that is
not controllable by the regional government, as with the exception of the sanitation tax,
because prices are determined at a local level. However, we can highlight the fact that
there are significantly higher payments on the one hand and relatively lower payments on
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the other hand. In this way, it would be interesting to evaluate the structural modification
of the sanitation tax, as well as to improve communications between the different public
administrations. In particular, it could be considered that the sanitation charge should
include some component of the water supply tariffs, which try to adapt more to the
situation. In this way, it could also be interesting to include consumption brackets in
the charge, as excessive consumption implies greater wastewater purification, with its
respective economic and environmental costs.

The issues addressed in this article are not unique to the Region of Valencia, but the
information presented allows useful conclusions to be drawn for other regions. It has
become clear how large differences can exist between regions in terms of payments for
water services, which directly affects the equity of the tariff, which is one of the objectives
of any tariff. Of course, obtaining the necessary revenues for the development of water
services is the main objective of the diverse tariffs, but this must be done in a fair and
balanced way, without overly affecting household finances and respecting as much as
possible the principle that the polluter pays. In any case, while respecting these issues,
the revenues of each water utility must take into account the particularities of each of
them. Thus, when we talk about wastewater treatment, we find a series of aspects that,
if not included in the tariff that finances the service, limit its efficiency. Thus, aspects
such as the presence of pollutants in the water or the high energy cost of this activity
are key determinants of the financial cost of wastewater treatment and should be part of
the corresponding tariff. However, it should be noted that the size of the facilities is a
particularly important issue, so it should not be ignored either. Therefore, there are several
key aspects in the development of this activity that we need to consider when obtaining the
revenues. This occurs, moreover, in a context where tariffs tend to have simple structures
to facilitate their management. For this reason, the way to include these aspects in the
wastewater treatment tariff must be administratively feasible.

This work opens an interesting line of research, because, although it has revealed
the possibility of introducing modifications to the main financing tool for wastewater
treatment, it does not have the necessary information to carry out a more in-depth analysis.
The main limitations in terms of the information available are the availability of annual
data, which prevents the seasonal aspect of water consumption from being considered,
as well as the scarce information on the financial cost of the wastewater treatment plants.
Therefore, it would be possible to continue developing this possibility with the aim of
improving the management of an activity whose efficiency is so important.
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