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Abstract: Most of the municipalities in Europe have a population of less than 6000 inhabitants and
high energy consumption. In order to reduce consumption, it is necessary to know the energy
behaviour of a municipality beforehand. The purpose of this article is to analyse the energy and
environmental situation of the municipalities of the province of Badajoz (Spain) and formulates energy
efficiency and environmental indicators. The method is based in the analysis of 74 energy audits were
carried out between 2012 and 2014 in the corresponding municipalities, and the average final energy
consumption was studied in terms of four different variables: area of the municipality, number of
inhabitants, cost of energy, and annual CO2 emissions. In addition, a statistical analysis based on
variance was carried out. The results obtained show that the average annual energy consumption
of a municipality of less than 6000 inhabitants is 300 kWh per inhabitant and 1 kWh per m2 of
surface area. A great variability was observed in the average cost of energy for each municipality,
between 0.11 and 0.25 €/kWh, with an average of 0.17 €/kWh. In addition, by statistical methods it
was determined that the energy consumption of a municipality is proportional to the surface area
that it occupies and its number of inhabitants, proposing an equation that allows determining the
final energy consumption according to both variables. This benchmarking is valid to implement
energy saving techniques and to prioritize investments in the renovation of the facilities. There are
no precedents of similar research studies with such a large number of municipalities.

Keywords: energy consumption; municipal energy plans; municipalities; energy benchmarking;
buildings projects

1. Introduction

The public expenditure of the municipalities of the European Union is equivalent to 19% of its
gross domestic product [1]. Municipalities are an important driver to stimulate the use of more efficient
buildings and services [2], as well as to cause behavioural changes in energy consumption in citizens
and companies [3], in order to collaborate in sustainable development. The improvement of energy
efficiency in the municipalities is one of the measures that can contribute the most to the fulfilment of
the energy-saving objectives [4].

In the European Union, Spain is the country with the greatest expenditure on public lighting and
its management depends on the municipalities [5]. In Spain, 86% of the municipalities have less than
6000 inhabitants; therefore, this range is the most interesting in order to analyse its energy consumption
in more detail.
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The energy consumption of a municipality presents unique characteristics, due to the diversity of
functions of the municipal facilities (schools, libraries, sports facilities, offices, etc.), the organizational
variety of the various decision centres and the use of different energy sources [6]. According to the
Regional Energy Agency of Andalusia, the existing savings potential in municipal buildings in the
region of Andalusia (Spain) exceeds, in most cases, 30% of its current energy expenditure [7].

Poggi et al. [8] described a methodology for evaluating the energy performance at the municipal
level, associated with a case study, although they did not evaluate the average energy consumption of
the municipality. Brandoni and Polonara [9] analysed the role of municipal planning in the context of
the regional energy planning process, through 12 municipal energy plans developed in urban areas
located in the Marche region (Italy).

Rezessy et al. [10] analysed the factors that determine the degree of participation of local
authorities in the market of energy services in Bulgaria, Hungary, and Macedonia. They concluded that
greater decentralization is the first step to increase the role of local authorities in the energy market.

Sveinbjörnsson et al. [11]. modelled the low CO2 energy supply in a municipality of Denmark,
demonstrating that scenarios with low biomass consumption and a high degree of electrification
depend less on changes in energy prices

The ENERINTOWN project showed that by remote control of the consumption of electricity
and natural gas in public buildings, managed by the municipal authorities of eight European Union
countries, it was possible to achieve energy savings of up to 35%, with an average of 12% [12].

Skujevska et al. [13] identified heat consumers in the municipality of Salaspils (Latvia) through
Geographic Information Systems. With the help of a heat map, they determined the areas in which it
would be beneficial to expand the existing district heating network, or vice versa, although they did
not quantify the municipality’s annual energy consumption.

On the other hand, Ferreira [14] analysed the primary consumption of electricity and gas in
six municipal buildings typologies, through a survey of local authorities, to evaluate the current
procedures and needs of municipal energy managers in terms of data analysis, evaluate the energy
performance of the building and identify potential opportunities for energy savings.

Axyonov et al. [15] compared different municipalities in Russia based on their level of energy
efficiency. They proposed to group municipalities through fuzzy models to estimate how social,
economic, and climatic characteristics affect the use of energy. However, they did not deepen in
determining energy reference indicators.

Fiaschi et al. [16] analysed the energy consumption in the municipality of Certaldo (Italy),
with 16,000 inhabitants. They found that more than 60% of electricity consumption was focused
on public lighting and more than 13% on lighting in public schools. With regard to heating, more than
60% of the consumption of natural gas was used to heat public schools and 18% in the heating of sport
facilities. The high weight of lighting in the energy consumption of a municipality was evidenced in
the municipality of Murcia (Spain), where it was found that the street lighting network had more than
90,000 points of light and an installed power exceeding 11 MW [17].

There are no precedents for similar works, analysing so large a number of municipalities.
The research carried out in this field to date has been scant. There are only references of studies focused
on very small samples, usually from a single municipality, all of them with little or no statistical
significance. The lack of reliable data on the average energy consumption of a municipality impedes
the authorities’ prioritizing investments and identifying their reference consumption, not being able to
reward or penalize municipalities whose energy expenditure differs from it.

The objective of this article is to evaluate the energy performance in the municipalities of less than
6000 inhabitants of the province of Badajoz (Spain), and to generate energy consumption indicators
that allow knowing their real and environmental energy situation. With these benchmarks, it will be
possible to determine the real energy situation of a municipality and propose operational solutions
that allow the implementation of energy saving strategies. It will also be possible to make decisions in
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relation to the most profitable application of funds for the renovation of municipal facilities from the
point of view of energy savings.

The rest of the paper is structured as follows: The model structure and methodology are
introduced in Section 2. In Section 3, the correlation analyses between the final annual energy
consumption of a municipality and the indicators considered in the study are presented, along with
the results of the analysis of the variance and reference indicators to measure the energy consumption
of a municipality. The comparative analysis of different data-driven models and monitoring results are
discussed in Section 4, and conclusions are drawn in Section 5.

2. Materials and Methods

The method used in the research was focused on the development of energy audits in each
municipality studied; then, detailed analysis of the data obtained through inferential statistic was
carried out. Seventy-four energy audits carried out in the municipalities of the province of Badajoz
(Spain) were analysed. They were financed by the County Council of the province of Badajoz,
and coordinated by Extremadura Energy Agency. The audits were carried out between 2012 and 2014,
and included the energy consumption of each municipality and its associated expenditure.

The energy audits were implemented by technical staff of the County Council of Badajoz,
the Extremadura Energy Agency, and by energy services companies [18]. The processing of the data,
its analysis and the present research have been produced under the European project RED URBANSOL,
so it has been financed with ERDF Funds through the Cross-Border Cooperation Program Spain and
Portugal POCTEP. Thirty-four of the whole number of energy audits corresponded to municipalities
between 200 and 1200 inhabitants (45.95%), 24 between 1201 and 2500 (32.43%), and 16 to municipalities
between 2501 and 6000 inhabitants (21.62%).

The methodology proposed in this work can be observed in Figure 1, and it has two stages: (i) data
collection and energy audit coordinated by the Extremadura Energy Agency; and (ii) determination of
the energy behaviour in municipalities with fewer than 6000 inhabitants, realised by the authors.
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Figure 1. Methodology diagram.

The concept of municipality considered was a public administrative entity composed of a territory
of fixed limits, with the population that inhabits it legally regulated [19]. The management of economic
expenses and energy consumption of the municipality is public and is carried out in the corresponding
town hall. The buildings and facilities managed by the municipality are the following: town hall,
school, healthcare centre, cultural centre, senior centre, football field, kindergarten, swimming pool,
nursing home, pumping and water treatment facilities, sports centre, mortuary, museum, etc. In all the
cases studied, the municipalities had the same facilities, all of public ownership.

The building typologies, according to the number of floors of the buildings and the urbanism,
are very similar and uniform for the municipalities smaller than 6000 inhabitants, the sample
analysed [20]. This implies that there is a direct relationship with its surface area. This is not true in
municipalities with larger population, where, depending on the number of buildings and the number
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of floors they have, as well as the green areas and/or historical urban areas, the relationship between
the surface they occupy, and the number of inhabitants is much more variable and it is very much
influenced by the factors mentioned above.

According to UNE-EN-16247 standard [21] and the protocol for audits of public lighting
installations of the Institute for Energy Diversification and Saving of Spain (IDAE) [22], during the
audits all energy consumptions, both electric and thermal, were identified. In addition, the energy
consuming elements were inventoried and improvement measures were proposed based on the state of
the facilities and the possibility of implementing new technologies. The cost of fuel used for transport,
taxes, and fees were not contemplated.

To determine the number of inhabitants, the population data of January 2015 of the National
Statistics Institute of Spain was used [23]. The surface area of the municipalities was obtained through
the Google Earth Pro (version 7.3.2.5491, Mountain View, CA, USA) tool, and it contrasted with the
information available in the Rural Development Service of Badajoz County Council.

For the environmental analysis, the indicator of kg of total CO2eq was studied, which is
conditioned by the Spanish electricity mix (composition of electricity according to the proportion of
primary energy used), as well as the conversion factors to primary energy and emission factors of CO2

according to the type of fuel [24]. The values used in the investigation are shown in Table 1.

Table 1. Energy conversion factors.

Type Thermal Electric Final to Primary

Biofuels 0.018 kg CO2/kWht - -
Low temperature solar thermal 0 - -

Conventional electricity - 0.331 kg CO2/kWhe 2.368 kWhEP/kWhEF
Solar Photovoltaics - 0 -

Diesel - - 1.182 kWhEP/kWhEF
LPG - - 1.204 kWhEP/kWhEF

Natural Gas - - 1.195 kWhEP/kWhEF

In the study, two analyses were carried out: first, the average final energy consumption was
studied in terms of four different variables: area of the municipality, number of inhabitants, cost of
energy, and annual CO2 emissions. Subsequently, to obtain detailed results of the data used in this
investigation, a statistical analysis based on variance (ANOVA) was used, using the factors shown in
Table 2. In this sense, the ANOVA test requires that the samples follow a normal distribution and have
the same variance. Normality was confirmed by the Levene test [25], taking into account that if the
p-value obtained in this test is higher than the 95% level of significance, the hypothesis of normality
cannot be rejected and, therefore, it is assumed as true.

On the other hand, statistical regression and correlation techniques were also used to estimate the
relations among the variables, studying the conditional expectation of the dependent variable given
the independent variables, that is, the average value of the dependent variable when the independent
variables are fixed. The variation of the dependent variable around the regression function was
also characterized.

Outliers values [26] were detected considering atypical values of all those that were outside the
range µ ± 3σ, where µ is the average energy consumption based on the number of inhabitants and the
area of the municipality and σ its standard deviation.
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Table 2. Distribution regarding factors.

Factors Distribution Regarding Factors

Number of inhabitants (NH)

HN1: 200–1500
HN2: 1501–2500
HN3: 2501–4000
HN4: 4001–6000

Surface (S)
SM1: 0.08 km2–0.40 km2

SM2: 0.41 km2–0.80 km2

SM3: 0.81 km2–1.20 km2

Geographic Location (GL)
GL1: North
GL2: Center
GL3: South

Energy Type (ET)
ET1: 0% Renewable

ET2: 10% Renewable
ET2: 20% Renewable

Heating Degrees Days (HDDY)

HDDY1: 500–800
HDDY2: 801–1100

HDDY3: 1101–1400
HDDY4: 1401–1700

3. Results

In this section, the following results are presented. First, the correlation analyses between
the final annual energy consumption of a municipality and the indicators considered in the study
(area, number of inhabitants, annual cost of energy, and annual CO2 emissions). Secondly, the results
of the analysis of the variance (ANOVA) are detailed according to the factors listed in Table 2. Third,
reference indicators are proposed to measure the energy consumption of a municipality, based on the
variables analysed and the multivariate regression analysis carried out.

3.1. Relationship between the Average Annual Consumption of Final Energy and the Number of Inhabitants of a
Municipality

Figure 2 shows the relationship between the number of inhabitants and the average annual final
energy consumption of the municipalities studied; it is observed that the energy consumption increases
proportionally with the number of inhabitants (R = 0.8944).

The line of adjustment corresponds to Equation (1):

C = 0.181 NH + 117.61 (1)

where C is the average annual energy consumption of a municipality expressed in MWh per year and
NH is the number of inhabitants of the municipality.

Through this equation it possible to determine the annual average consumption of a municipality
by knowing only its number of inhabitants. It is valid for municipalities with a population between
200 and 6000 inhabitants.

Figure 3 shows the relationship between the average annual consumption of final energy per
inhabitant and the number of inhabitants of a municipality.

It was observed that the energy consumption per capita tends to decrease as the number of
inhabitants of a municipality increases.

Figure 4 shows the annual energy expenditure of each municipality based on its number
of inhabitants, which is conditioned by the rates corresponding to the energy consumption of
each municipality.
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Figure 2. Relationship between the average annual final energy consumption of a municipality and its
number of inhabitants.
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Figure 3. Relationship between the number of inhabitants and the average annual energy consumption
of a municipality.

It is observed that, as the number of inhabitants of the municipality increases, so does its annual
expenditure (R = 0.9166). The existence of a great dispersion was observed, which becomes more
evident in populations of less than 2500 inhabitants. It is interesting to show that the per capita cost
can be more than 10 times more per inhabitant in municipalities of similar size.

It was found that municipalities with more than 3000 inhabitants obtain average energy prices
approximately 10% lower than smaller ones. It was also observed that municipalities within the range
of 5000–6000 inhabitants pay 49.65% less for the energy cost of their municipal services, compared to
those with populations lower than 1000 inhabitants. A great variability was observed in the average
energy expenditure of the municipality, between 0.11 and 0.25 €/kWh, with an average of 0.17 €/kWh.
The average per capita annual expenditure of all the municipalities analysed was €53.50 per inhabitant.
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Figure 4. Annual cost of energy according to the inhabitants of a municipality.

3.2. Relationship between the Average Annual Consumption of Final Energy and the Area Occupied by the
Municipality

Figure 5 shows the relationship between the surface area of the municipality and its average
annual consumption of final energy.
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Figure 5. Relationship between the average annual final energy consumption of a municipality and its
surface area.

It is observed that as the surface of the municipality increases, so does its energy consumption
(R = 0.9418), as shown in Equation (2):

C = 961.78 S + 30.72 (2)

where C is the municipal annual energy consumption in MWh per year and S the surface area of the
municipality in km2.
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Through this equation it possible to determine the annual average consumption of a municipality
by knowing only its surface area. This equation is valid for municipalities with a surface between 0.08
and 1.20 km2.

Figure 6 shows the relationship between the surface of the municipality and its energy
expenditure.
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Figure 6. Cost of annual energy according to the surface of a municipality.

It is observed that as the surface of the municipality increases, so does the cost of energy
(R = 0.9234). However, it can be observed that in municipalities with the same area, the costs can vary
significantly, and this fact becomes more evident for areas of less than 0.5 km2, finding differences in
costs of up to three times more for the same surface.

3.3. Relationship between the Average Annual Final Energy Consumption of a Municipality and its CO2
Emissions

Figure 7 shows the relationship between the final average energy consumption and the annual
CO2 emissions of the municipalities analysed in the sample.
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It was observed that, as the energy consumption of a municipality increases (R = 0.9516), so does
the CO2 emissions according to Equation (3). There are three municipalities with CO2 emissions below
what would correspond to their energy consumption; the explanation is that all three have biomass
heating systems:

ET = 0.0004 C + 13.49 (3)

where C is the annual average consumption of final energy of a municipality expressed in kWh and ET
annual CO2 emissions expressed in tons.

Through this equation it possible to determine annual average CO2 emissions of a municipality
by knowing its annual average consumption of final energy. The annual average consumption of final
energy can be calculated by Equations (1) or (2).

It is observed that there are municipalities with ratios significantly lower than those that would
correspond according to their consumption, due to the use of renewable energies (mainly biomass
boilers). In other cases, in some of these municipalities, energy efficiency actions on street lighting
have already been carried out [27]. The ratio of CO2 emissions per inhabitant decreases as the number
of inhabitants increases.

3.4. Statistic Analysis

The results obtained from the statistical analysis of variance (ANOVA) are presented below.
In particular, this analysis studies the relationship between the factors listed in Table 2 and the average
annual final energy consumption in a municipality of the province of Badajoz (Spain), in relation to the
three variables analysed (surface area built, number of inhabitants and CO2 emissions). Table 3 shows
the p values obtained in the analysis of variance. To determine if any of the differences between the
mean values is statistically significant, the value of p is compared to the level of significance to evaluate
the null hypothesis. A level of significance of α = 0.05 has been considered for this study. If the p-value
is less than or equal to the significance level, that is, p ≤ 0.05, the null hypothesis can be rejected,
and it could be concluded that not all population mean values are equal. Otherwise, if the value of p is
greater than the level of significance, there is not enough evidence to reject the null hypothesis that the
population mean values are all the same.

Table 3. Results for the p corresponding to the ANOVA for the average annual energy consumption for
a 0.05 level of significance.

Consumption Ratios

Experiments

Number of
Inhabitants

Surface
Area

Type of
Energy

Heating
Degree-Days

Geographic
Location

MWh mean energy consumption
km2 sur f ace area 0.02 * 0.02 * 0.18 0.18 0.37

MWh mean energy consumption
number o f habitants 0.03 * 0.04 * 0.24 0.24 0.74

Tn CO2 year
number o f habitants 0.26 0.14 0.04 * 0.25 0.11

* At the 0.05 level, the population means are significantly different.

As can be seen in Table 3, the analysis of the variance, considering as a factor the heating
degree-days year (HDDY) and the geographical location, does not show significant differences with
the three statistics used. That is to say, no direct relationship of the energy consumption of these factors
was identified according to the surface, the number of inhabitants or CO2 emissions of a municipality.
Analysing the energy consumption data from the point of view of these factors, we can see that they are
very similar in terms of consumption in the municipalities analysed. However, there are some factors
in which a direct relationship was identified with the consumption of energy in the municipalities: the
number of inhabitants and surface area of the municipality and the type of energy.

Table 3 shows significant differences in consumption ratios per inhabitants and surface area
through the number of inhabitants and the surface area of the municipality. The ratio corresponding to
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CO2 emissions of a municipality shows only significant differences based on the type of energy used
(conventional or renewable).

The municipalities which use renewable energy emit less CO2 and consume less energy per
inhabitant (p = 0.024) and per area (p = 0.037).

The municipalities that have less single-family homes or isolated homes in its municipal area,
consume more energy per inhabitant and area than those with more blocks of buildings (p = 0.047).

Municipalities with more than 3000 inhabitants have a lower energy cost per inhabitant than
those with less than 3000 (p = 0.042).

Municipalities that have a technician directly in charge of managing energy consumption consume
less energy than those that do not (p = 038.035).

Per capita consumption tends to decrease as the area of the municipality (p = 0.012) and its number
of inhabitants (p = 0.008) increase.

Municipalities between 200 and 1500 inhabitants contract energy 30% more expensive than
municipalities with more than 1500 inhabitants (p = 0.038).

3.5. Ratios

Using statistical multivariate regression techniques, the coefficients of Equation (4) were calculated,
which determine the average annual energy consumption of a municipality according to the number
of inhabitants and the area of the municipality:

C = 653 S + 0.064 NH + 49.3 (4)

where C is the annual average consumption of a municipality expressed in MWh, S the area occupied
by the municipality expressed in km2 and NH the number of inhabitants registered in the municipality.
This equation is valid for municipalities between 200 and 6000 inhabitants and between 0.08 and
1.20 km2.

Table 4 shows the statistics of the regression. It can be observed how the R2 calculated in the
regression (0.9004), is higher than the Pearson coefficient calculated in the correlation between energy
consumption and number of inhabitants (0.8800) and surface area (0.8870).

Table 4. Statistics of the regression.

Statistics Value

Multiple correlation coefficient 0.94891
Coefficient of determination R2 0.90044

Adjusted R2 0.89620
Standard error 98.3423

In Table 4, it can be observed how the R2 calculated in the regression (0.9004), is higher than
the Pearson coefficient calculated in the correlation between energy consumption and number of
inhabitants (0.8800) and surface area (0.8870). In addition, the standard error is smaller, which indicates
that it is more accurate and, therefore, is the equation that should be used to calculate the annual
average consumption of a municipality.

This key performance indicator (KPI) can be used to measure energy consumption in a
municipality, as it is understandable, measurable and practical in terms of costs and time [28]. Figure 8
shows the resulting probability graph, in which the normality of the data set is contracted and,
therefore, the validity of Equation (4).
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4. Discussion

The analysis of the real energy consumption of a large sample of municipalities (74 municipalities
in this research) and the use of proven statistical techniques ensures that the results are valid for use
without the risk of statistical bias. Values lower than 5% for the error confirm that this research can
contribute to the management of energy consumption by assessing real municipality’s condition.

This research fills the gap in the state of the art, and it will allow prioritizing investments and
identifying each reference municipality consumption by authorities, being able to reward or penalize
municipalities whose energy expenditure differs from it.

To determine energy consumption of a municipality in function of the surface area it occupies
and its number of inhabitants simultaneously, no previous work have been found. This benchmarking
allows determining the real energy situation of a municipality and is valid to implement energy saving
techniques [29].

The research results will allow to determining the real energy situation of a municipality and
propose operational solutions to implementation of energy saving strategies. It will also be possible to
make decisions in relation to the most profitable application of funds for the renovation of municipal
facilities from the point of view of energy savings.

The energy consuming facilities in the analysed municipalities are very similar in general,
although especially in the case of buildings there are many peculiarities depending on their building
typology, use and heating/air conditioning systems that they have [30]. There are some cases
that clearly stand out over the energy consumption of the average, either for justified reasons
(specific systems such as sewage treatment plants or wells), or because of an obsolescence of the
facilities, together with inefficient management and maintenance of them [31]. For example, in the
sample several municipalities were detected that consumed more than double of the energy that would
correspond according to their number of inhabitants and area. In general, it was observed that the
energy management of the municipalities studied can be easily improved.

The public sector should stimulate the efficient management of buildings and provoke changes
in the behaviour of energy consumption by citizens and businesses, since reducing the energy
consumption of a municipality can free public resources for other purposes [32].

Municipalities should serve as an example in energy efficiency, as it is the best reference to
stimulate energy savings among citizens. Cities, as main energy consumers, play a crucial role
in achieving a more sustainable energy future [33]. Local authorities play a key role in the energy
transition and the fight against climate change, as they govern closer to citizens, and share with regional
and national governments the responsibility to fight against climate change [34]. The coordination of
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municipal energy planning at the central level is necessary; strategic energy planning must integrate
national policy with municipal energy planning [35].

It was verified that the union of municipalities in commonwealths and entities of purchase would
be an adequate strategy, allowing to achieve better energy prices [36,37]. Therefore, the strategy of the
municipalities should be oriented towards the formalization of a process of integration of the energy
policy [38]. The Covenant of Mayors is an initiative through which towns, cities and regions voluntarily
commit themselves to reduce their CO2 emissions through policies that promote energy-saving and
renewable energy [39].

It was observed that with equal services, the municipalities with more inhabitants are more
efficient and are more likely to have qualified technical personnel to optimize energy consumption [40].
It is surprising that in the range of municipalities with less than 6000 inhabitants with very similar
common services, these are provided in smaller municipalities with similar efficiency than in those
three or four times their size.

The use of less polluting energy resources, such as solar energy or biomass [41], the reduction
of energy consumption due to improved thermal insulation [42], the better use of facilities, and the
use of more energy efficient equipment, are alternatives that allow satisfying the demand for comfort
indoors, without increasing the energy consumption of buildings. In any case, the way forward must
be the decarbonisation of energy-producing systems [43]. However, studies indicate that cost-efficient
energy conservation measures are not always implemented, which can be explained by the existence
of barriers to energy efficiency [44].

The ratios obtained differ substantially from some references in Spain; for example, in the region
of Andalusia an average municipal consumption of 160.5 kWh/inhabitant per year [45] was postulated,
which seems unrealistic. It was also observed that the energy consumption of a municipality for street
lighting represents a high percentage of expenditure (>50%), which coincides with the ratios used in
Spain for municipalities with less than 5000 inhabitants, which in 2017 was estimated at 187 kWh per
inhabitant and year [46].

It was also found that to reduce the energy consumption of a municipality, it is necessary to
continuously know the current status of its facilities and its level of maintenance [47]. For this,
it is essential to perform periodic energy audits in municipal buildings [48], and implement energy
monitoring and control systems [49]. An interesting measure is to hire technicians or companies
specialized in energy management, especially in the smaller municipalities, which have less economic
resources and do not have specialized staff [50].

Regarding CO2 emissions per inhabitant, it was observed that in municipalities with a small
number of inhabitants, a certain type of facility (for example, a hot swimming pool heated with diesel)
could substantially modify the overall emissions of the municipality [51].

It has also been observed that the dissemination of single-family homes in a municipality
significantly increases the consumption of electricity, while urban agglomerations have the opposite
effect [52]. The dispersion that is occurring rapidly in Spanish municipalities could increase the
demand for electricity in the coming years. However, in order to reduce the maximum demand for
electricity in the future, the choice of the heating system used is considered to be more important than
the reduction in heat demand [53].

The results of the investigation have been showed to the authorities with responsibility for the
management of the municipalities, so that they can prioritize the improvement of their facilities and
to implement energy saving techniques. In addition, this work is useful to generate incentives or
penalties to save energy and to help sensitize the population. The conclusions can be extrapolated to
other regions or countries, with similar climatic and organizational characteristics.

Future lines of work should be aimed at studying the advantages of grouping municipalities
in terms of savings and energy and environmental efficiency. In addition, it is necessary to deepen
the study of the effect of the use of renewable energies in the municipality and to deepen the energy
consumption of public lighting installations.
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Based on the obtained results, the most important and appropriate concrete actions that the
decisional factors and all the involved parties should take, in order to benefit from research results are
the following: using energy audits as usual tool for controlling energy consumption in a municipality,
monitoring all the points of energy demand, optimizing energy supply contracts, hiring a technical
manager for energy consumption, and making energy benchmarking between the municipalities.

5. Conclusions

Energy efficiency and environmental indicators derivate to analyse the energy and environmental
situation of the municipalities of the province of Badajoz (Spain) were formulated. Through statistical
techniques, it was found that the energy consumption of a municipality is proportional to the surface
area it occupies and its number of inhabitants. This benchmarking allows determining the real energy
situation of a municipality and is valid to implement energy saving techniques and to prioritize
investments in the renovation of the facilities. It was also observed that the annual consumption per
inhabitant tends to decrease when the number of inhabitants or surface area increases. It show that the
average annual energy consumption of a municipality of less than 6000 inhabitants is 300 kWh per
inhabitant and/or 1 kWh per each m2 of municipal area.

As a final result of the research, an equation is proposed that determines the final annual
consumption of energy that a municipality must have, based on its surface area and its number
of inhabitants, whose validity has been verified for municipalities between 200 and 6000 inhabitants
and between 0.08 and 1.20 km2.

One remaining aspect to reflect upon consists in to propose regional strategies that allow
rewarding annually the energy saving in the most efficient municipalities.
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