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Abstract: There is significant regional heterogeneity in terms of relative positioning in relation to
the issue of sustainability and, in particular, in relation to the implementation of renewable energy.
For this reason, the aim of this work is to analyze whether these differences in attributes for each
region are likely to condition the expansion of renewable energy production. In this paper, we focus
on wind energy. Therefore, the evolution of the installed capacity of wind energy is studied for a
set of Spanish regions over the period between 2004 and 2017. The results obtained confirm that, in
effect, there are factors linked to investment and environmental knowledge capable of conditioning
the deployment of wind energy at the regional level.
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1. Introduction

The importance of achieving sustainable economic development and growth is a widely recognized
issue today. In the European framework, objectives related to climate change and sustainability have
long been part of European Union (EU) political priorities [1], with the specific purpose of achieving
the total decarbonization of the European economy by 2050. Thus, the Lisbon 2020 Strategy included
among its objectives a reduction in greenhouse gases (GHG) emissions by 20% compared to 1990 levels,
an increase in the importance of renewable energy in the energy mix to reach the figure of 20%, and an
improvement, also by 20%, in energy efficiency. More recently, the European policy framework for
climate and energy in the period from 2020 to 2030 set a target of 32% for energy generated in the EU
from renewable sources [2].

The above framework emphasizes the relevance of applying public policy strategies and
instruments that support investment in renewable energy generation capacity [3–7]. The effectiveness
and efficiency of these measures depend on the structure of relations among the productive, economic
and political agents operating in the energy sector. Therefore, identifying the set of technical, market,
economic and political drivers that characterize the deployment of renewable energy is both an
academic and a policy relevant objective [8,9].

However, the planning and management of this subject has generally adopted a national dimension.
Only recently has the importance of the role played by regions in the process of energy transition
become relevant and also, in general, achieved the objective of sustainability [10]. Thus, the draft of the
National Integrated Energy and Climate Plan 2021–2030 for Spain [11] claims greater involvement by
regions to achieve the binding objectives for the EU following the signing of the Paris Agreement [12].
This official document expressly recognizes that policy coordination must reach not only the sectoral
dimension but also the territorial dimension, guaranteeing the adequate participation and involvement
of actors in all levels of administration (national, regional and local). Furthermore, this document
indicates that regions play a fundamental role in this respect for their knowledge about the resources
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and strengths, competitiveness challenges and regional scientific and industrial potential. To this we
must add the fact that, as recognized by the European Environment Agency, not all European regions
are threatened with the same intensity by the effects of climate change [13].

Several academic papers have highlighted the importance of regions and cities in the fight against
climate change [14,15]. Among the possible strategies to achieve this objective is the progressive
elimination of the use of fossil fuels, and the parallel expansion of clean energy. In this regard, however,
it should be noted that the realization of political objectives related to the presence of renewable energy
in the energy mix is carried out on a national level, without extrapolation to a regional level in most
cases. This implies that we can find very different situations in terms of regional energy balances,
depending on the contribution made by each of these regions to the total production of electricity
from renewable energy, compared to their own energy demand. Precisely, these different energy
surplus and deficit scenarios are interesting to identify which regions require a greater investment in
renewable energy production facilities and technologies according to their current and future energy
needs, especially if the objective sought is to satisfy, as far as possible, the energy demand of a territory
with local sources [16]. In line with that, the need for adopting a regional or local scope in the planning
of renewable energy development is also justified because, thereby, it is possible to maximize efficiency
in the use of the territory dedicated to renewable energy production facilities, minimizing, at the same
time, the negative effects both in terms of landscape and preservation of ecosystems [17]. In this sense,
it should be remembered that not all regions of a country share the same characteristics in order to
implement different types of renewable energy. This means there are some more favorable regions for
the implementation of wind farms, while others have more suitable conditions for the installation of
solar power plants or biomass production [18].

Aside from the more technical issues related to climatology and orography, the development of
renewable energy production in a given territory is the result of a complex process that also involves
socioeconomic factors [19,20]. The environmental commitment that a community has and its particular
vision about the relevance of tackling the process of energy transition towards less polluting energy
sources can be a stimulus or, on the contrary, an obstacle, for the installation of renewable energy
production facilities in the territory.

Similarly, territorial level planning for the implementation of renewable energy can be a powerful
instrument in regional strategy carried out to boost the economic development of depressed areas,
avoiding depopulation. In other words, renewable energy not only contributes to environmental
sustainability, but can also be an important tool to achieve local social and economic sustainability
by creating direct jobs, as well as stimulating the proliferation of auxiliary economic, industrial and
service activities [21–23]. Related to this, investment in renewables also contributes very favorably to
increasing the level of technological development of the territory in which it is located. In general,
the data confirm that the innovative investment made by the renewable energy production industry
far exceeds the average for the economy. For example, according to a report carried out recently by the
Association of Renewable Energy Companies (APPA) for the Spanish case, the investment in R&D of
the renewable energy sector represented in 2018 approximately 3.07% of the contribution to the GDP of
this sector, when the Spanish average for the same year was 1.2% [24]. This greater technological effort
in the renewable energy sector not only has a positive impact on the performance of its companies,
but the knowledge generated through it is capable of moving to companies in other sectors thanks to
the emergence of knowledge spillovers [25,26].

In the academic field, some studies defend the importance of descending to an infra-national
level when assessing the design or planning of public policies to promote renewable energy. Most of
them focus on the crucial role that cities play in the process of energy transition and its potential and
effective contribution to the implementation of renewable energy [27–29]. From the methodological
point of view, most of these studies use the case study technique [30–33], which makes it difficult to
draw general conclusions on which factors condition the expansion of renewable energy from the
regional perspective. On the other hand, there are hardly any papers that investigate this issue by
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performing econometric analysis applied to larger samples. The study in reference [34] estimates a
spatial panel model on a sample of 19 Italian regions at nomenclature of territorial units for statistics
(NUTS) 2 for the 2007–2013 period, with which they attempt to research which regional factors have
conditioned the expansion of renewable energy, making special reference to the role played by public
incentives. In addition, the authors in reference [35] use Greek regional units (the former prefectures,
which correspond to a NUTS 3 level) to perform a cluster analysis, from which they identify five
categories based on regional characteristics related to energy issue, and more specifically, to the number
of plants and type of renewable energy and their respective power. The authors in reference [36] study
the location of photovoltaic installations in the United Kingdom in the 134 existing regions in that
country at NUTS 3 level. Their results indicate that demand for electricity, population density, pollution
levels, household education level and housing types are some of the factors that condition the regional
location of photovoltaic energy. Similarly, these authors also detect the existence of spillover effects
between adjacent regions in this aspect. The authors in reference [37] detect this same neighborhood
effect in photovoltaic installations for a sample of 400 German counties. In particular, these authors
verify that variables such as housing density, ownership regime, and level of per capita income in the
local environment are other determinants for the implementation of the renewable energy source.

In short, there are few works that have adopted a regional dimension in the study of the factors
determining the process of renewable energy territorial expansion. Due to the incipient role played by
the regions in this process, the truth is that a good part of these factors of regional attractiveness are not
originally the result of a deliberate policy of promoting renewable energy in the territory, but the fruit
of horizontal policies implemented to generically favor the productivity of the business sector and
social welfare. However, once identified, these features may, in the future, be an important element of
regional differentiation for the location of the renewable energy sector and may become the object of
deliberate political decisions.

With the intention of contributing to the modeling of the deployment of renewable energies from
a regional approach, which complements modeling on a national dimension, this study proposes the
estimation of an econometric model to determine the installed wind power capacity based on a set of
variables on a regional level. In order to do this, we will take as a reference the Spanish case, taking as
a sample the 17 Autonomous Communities, in the period 2004–2017. The description of the model and
the data used in the analysis are set out in the following section. Section 3 provides the main results of
the modeling. Finally, Section 4 concludes.

2. Methodology and Data

Taking as a starting premise the importance of the regional approach in the planning process
and dissemination of renewable energy, the objective of this work is to research the determinants
for the installation of renewable energy plants in Spanish regions over the period 2004–2017
(See Supplementary Materials).

More specifically, in this study, we are going to focus on wind energy. Wind is one of the most
important renewable sources in terms of its contribution to the total renewable energy produced in
Europe, especially in the power generation sector. For instance, according to the data published by
the European Commission, wind technology provided 4.28% of the energy produced and 11.53%
of the total electricity generated in the European Union in 2018 [38]. Furthermore, its deployment
across Europe has been greater and more homogeneous than other technologies based on renewable
energy sources, such as geothermal or tidal energy. In the case of Spain, the importance of wind
technology makes it even more relevant to study the factors that determine investment in the new
installed capacity. Wind covered 12.63% of the energy produced and 18.55% of the gross electricity
generation in 2018, being the first renewable technology ahead of hydro (13.41%), solar (4.64%) or solid
biofuels and renewable wastes (1.82%). In relation to installed capacity, wind energy accounted for
22.56% of total installed electricity generation capacity in 2018, being the first renewable technology
and the second technology in global terms, only below fossil fuel-based technologies [38]. Figure 1
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shows the distribution of installed wind power capacity in 2019 among the 17 Spanish autonomous
communities (regions) [39].
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There is abundant literature on the empirical modeling of the drivers and barriers that determine
the investment in installed capacity of wind power. Most of them study the effects of the various
public policy instruments on investment in wind capacity [40–44], although they also include other
technical and socioeconomic variables. For instance, the authors in reference [45] take into account
policy factors, such as the level of policy support, the type of support scheme and changes in it, but they
also include variables such as wind resource potential, electricity generation costs, administrative
barriers, social acceptance, general investment climate, electricity demand, share of hydro and nuclear
in electricity generation or the country area. Similarly, the authors in works [9,46] specify technical and
economic factors such as the price of iron, the sovereign risk premium, or the long-term interest rates;
electricity market factors such as the price of the crude oil, the final consumption of electricity or the
price of electricity for final domestic consumption, the price of natural gas, the proportion of electricity
generated in the country using wind technology, the wind capacity factor or the cost of the electricity
transmission grid; economic factors such as the gross domestic product; political factors such as the
amount of support for renewables and the taxes applied to the electricity.

The above contributions assume a national dimension when modeling investment in new wind
capacity. However, as noted in the introduction, it is appropriate to complement this national approach
with a regional perspective, since the distribution of capacity investments and, therefore, of installations
within countries is very different from one region to another.

Regional factors likely to condition the introduction of wind farms in the territory are very
varied. In this study, we will focus especially on analyzing the effect of those aspects related to
technological conditions and with the investment made in each region, simultaneously controlling
the influence of other relevant characteristics whose omission in the model can affect the estimation
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results. The selection of the explanatory variables has been made from an exhaustive literature review.
Their description and sources are shown in Table 1.

Table 1. Variables.

Variable Description Source

WINDCAP Installed capacity of wind energy (dependent variable) Red Eléctrica de España
TERTIARY Percentage of population with higher studies Eurostat

HIGHTECHEMPLOY Percentage of the energy sector in regional employment in high tech sectors Eurostat
PRIVATE R&D Private investment in R&D in percentage on regional GDP Eurostat
INVESTMENT Investment in fixed capital per inhabitant. Eurostat

METEO Production of wind energy according to meteorological conditions EMHIRES
FARM SIZE Average size of wind farm Wind Business Association (AEE)
DENSITY Population Density Eurostat

CRISIS Dummy: value 1 in crisis years (2008–2014) -

Source: own elaboration.

Specifically, the first three represent factors associated with the technological and knowledge
context of the region (TERTIARY, HIGHTECHEMPLOY and PRIVATE R&D), while INVESTMENT
represents fixed capital investment per capita. This last variable approximates the infrastructure
provision of the territory. The variable TERTIARY aims to represent the education level of the
region. For example, Huang et al. [47] found that higher education levels positively influence the
adoption of renewable portfolio standards by individual states in the United States, while other
studies have demonstrated the existence of a relationship between this education level and wind
farm development [48,49]. On the other hand, it is a fact that green-tech companies tend to aggregate
spatially to benefit from knowledge spillovers, which in many cases, leads to the emergence of
regional green innovation systems (RISs) [50,51]. These RISs, whose formation also depends on
the specific capabilities of each region, can, in turn, become a pull factor for the location of new
companies in the regional energy sector. For this reason, we have included in the model the variable
HIGHTECHEMPLOY, which represents the regional specialization in the energy sector within the
high-tech industry. Ultimately, with this variable, we are trying to test the presence of agglomeration
(localization) economies in the wind sector at the regional level [52,53]. By the same token, the diffusion
of wind technology also depends on the lowering of its investment costs [54,55]. In this sense,
various studies have shown that, at least in part, this price reduction is driven by learning-by-searching,
or what is the same, by the accumulated knowledge, which in empirical research is usually represented
through the R&D investment [56]. We have only considered private investment in R&D (PRIVATE
R&D), and not public investment, for two reasons: first, because public R&D and private R&D have
different identities and purposes and, as a result, can have very different impacts on the deployment
of wind technology [57]. Therefore, combining the two in a single measure can lead to misleading
inferences [58]. Moreover, companies carry out a more applied research, which can have an impact
on practice in a shorter time-lag [59]. Second, because there is a risk of double-counting since, in fact,
public support in R&D is used on numerous occasions to stimulate private applied research that
involves demonstration projects [60].

The other variables, as indicated, act as control parameters for the estimates. All of them represent
circumstances that, according to the literature, can condition the installation of wind energy in a
territory. Logically, the first of these variables (METEO) is the region’s wind resources which, to a large
extent, are conditioned by aspects related to geography and climatology. To control this issue, we have
used the information provided by the EMHIRES database [61], which contains data on European wind
power generation derived from meteorological sources that are available up to NUTS-2 level. We have
also considered it relevant to include population density (DENSITY). For example, attempts to locate a
wind farm near residential areas or in territories with a higher population density may be hampered by
rejection by the local community for reasons of noise and visual impact [62,63]. Furthermore, the social
opposition to the implementation of new wind energy projects can be influenced by the size of the
wind farm (FARM SIZE). Although the evidence in this regard is mixed, most of the studies show a
greater preference for smaller wind farms [64].
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Finally, the variable CRISIS has been incorporated into the model to correct the possible effects on
the investment in wind energy derived from the poor economic situation during the recession [65].
Prior to its inclusion, the possible existence of temporary fixed effects was contrasted. However,
according to the tests performed, for this sample, its presence has not been detected. Even so,
we wanted to control for the possible influence of the economic cycle by including this dummy variable.
In Spain, the economic crisis heavily and negatively influenced the renewable energy (RES) sector.
This detrimental impact was a direct and an indirect one and covered economic as well as political
aspects which, in turn, are interrelated. It should also be taken into account that this happened in
the context of an electricity system with very specific features (overcapacity in electricity generation,
an electricity island and relatively high retail prices). On the one hand, the economic crisis led to
a reduction in electricity demand which aggravated the overcapacity problem. On the other hand,
it made further payments to RES less politically viable. In addition, the reduction in electricity demand
increased the feasibility to comply with the 2020 RES Directive targets. All this led to a critical political
decision—the moratorium on support for new RES investments in 2012 [66].

Therefore, the model for estimation has the following structure:

WINDCAPit = β0 + β1 TERTIARYit + β2 HIGHTECHEMPLOYit + β3 PRIVATE R&Dit

+ β4 INVESTMENTit + β5 METEOit + β6 FARM SIZEit

+ β7 DENSITYit + β8 CRISISit + µi + vit

(1)

where WINDCAP represents the power of wind energy installed; i and t are two sub-indices that
symbolize, respectively, the region and year; µi captures the factors not specifically observed for each
region and susceptible to affecting the dependent variable. Finally, νit is the random error term.

The data sources used for the construction of the explanatory variables are described in Table 1.
Furthermore, the information corresponding to the dependent variable has been obtained from regional
statistics published by Red Eléctrica de España and its value has been expressed in logarithms.

3. Results

The first step prior to the estimate is to decide between the application of a fixed effects or random
effects model, which depends on the correlation between the individual effects and the explanatory
variables (in the random effects model, the underlying assumption is the exogeneity of unobservable
effects). For this purpose, the specification test proposed by Hausman [67] has been carried out,
which yields a value of 26.51 (p = 0.000) for a Chi-square with 8 degrees of freedom. Therefore,
we must reject the null hypothesis of an absence of correlation between individual regional effects
and explanatory variables. This result leads us to select a fixed effects model because it is a consistent
estimator for the proposed model specification.

Furthermore, the presence of heteroscedasticity has been detected in the data, so we have used
the Huber–White variance estimator to obtain heteroscedasticity-robust standard errors [68,69].

We have also considered the possibility of endogeneity in some of the explanatory variables of
the model and, more specifically, in the level of education and highly qualified jobs, since there may
be feedback between them and the installed capacity of wind energy in a given region. To test this,
we have investigated the causality relationship between these variables by means of a Granger causality
analysis that takes the estimation of a panel vector autoregressive model with four lags (PVAR) as
a starting point [70,71]. In Table 2, we present the Wald Chi-square test for the null hypothesis that
WINDCAP does not Granger-cause TERTIARY and HIGHTECHEMPLOY and vice versa. As can
be seen from the results of this test, there is no endogeneity in the data that may affect the results of
our model.
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Table 2. Panel VAR–Granger causality Wald test.

Equation Excluded chi2 df Prob > chi2

WINDCAP
TERTIARY 4.184 4 0.382

HIGHTECHEMPLOY 0.479 4 0.976
ALL 4.974 8 0.760

TERTIARY
WINDCAP 3.412 4 0.491

HIGHTECHEMPLOY 1.157 4 0.885
ALL 4.656 8 0.794

HIGHTECHEMPLOY
WINDCAP 1.441 4 0.837
TERTIARY 2.850 4 0.583

ALL 5.767 8 0.673

Note: The null hypothesis is that the excluded variable does not Grange-cause equation variable, where df means
degrees of freedom. ALL refers to the test that all lags of all endogenous variables other than those of the dependent
variable in each equation are jointly zero. Source: own elaboration.

The results obtained when estimating the model described in the previous section are presented
in Table 3. For each model, the estimated standardized coefficients, their standard errors, the t-statistics
for the individual significance test of these coefficients, and the associated p-values are reported.
Additionally, for both models, several measures of goodness of fit are displayed.

Table 3. Estimation results.

Model 1 Model 2

Standardized Beta S.E. t-statistic p-value Standardized Beta S. E. t-statistic p-value
METEO 0.141 0.000 1.41 0.179 0.017 0.000 0.3 0.765

FARM SIZE 0.011 0.009 0.54 0.598 −0.032 0.012 −1.25 0.228
TERTIARY 0.362 0.024 1.56 0.138 0.457 * 0.027 1.75 0.1

HIGHTECHEMPLOY −0.456 ** 0.069 −2.18 0.044 −0.441 ** 0.059 −2.5 0.024
INVESTMENT 0.171 0.086 1.18 0.255 0.167 0.088 1.13 0.276

INVESTMENT (T-1) - - - - 0.009 0.047 0.11 0.912
INVESTMENT (T-2) - - - - 0.105 * 0.033 1.89 0.077

PRIVATE R&D 0.746 * 2.899 1.89 0.077 0.424 * 1.626 1.92 0.073
PRIVATE R&D (T-1) - - - - 0.147 ** 0.407 2.66 0.017
PRIVATE R&D (T-2) - - - - 0.110 0.581 1.4 0.181

DENSITY −0.613 0.015 −0.83 0.421 −1.038 * 0.012 −1.73 0.102
CRISIS 0.140 0.150 0.93 0.366 0.057 0.063 0.91 0.377

R WITHIN 0.4937 - - - 0.5231 - - -
R BETWEEN 0.1127 - - - 0.1974 - - -

AIC 340.2589 - - - 141.3699 - - -
BIC 366.0649 - - - 177.6565 - - -

Note: ** and * denote significance at the 5% and 10% levels, respectively. Source: own elaboration.

As can be seen in Model 1, of the variables included to approximate the influence of the
technological environment on wind capacity investment, only the weight of energy activities within
the total regional employment in high-tech sectors (HIGHTECHEMPLOY) and the weight of private
investment in R&D with respect to the region’s GDP (PRIVATE R&D) are significant. In addition,
the effects displayed by both variables are opposite. While, as expected, the intensity of the innovative
effort made by companies located in the region is a factor that stimulates the increase in installed
capacity, regional specialization in energy issues within the set of activities with higher technological
content discourages the arrival of new investment flows. This last result may indicate the appearance
of a certain “saturation” effect linked to aspects related to the depletion of local physical resources,
and possibly also to a NIMBY (“Not In My Back Yard”) effect associated with the opposition of the local
community against the expansion of new wind farms in their territory due, for example, to negative
effects on the landscape [72,73]. Yet, also, it can point out to other congestion problems, such as those
related to the rising of land prices and/or to power curtailment and market risks [52].

As a matter of fact, none of the control variables incorporated in the equation turned out to
be significant.

Based on this initial estimate, we have estimated a second model that incorporates time lags of
the variables measuring regional investment, both in fixed capital and in R&D (INVESTMENT and
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PRIVATE R&D). For this, we rely on the premise that it is very likely that investment flows made
in a given year do not have an immediate influence as a pull factor of new wind capacity or for the
expansion of the existing capacity. In fact, there may be a certain time period since the aforementioned
investment was made until it is perceived as a location advantage by companies in the wind energy
sector. The estimation results of this second model are presented in the last columns of Table 3 under
the name Model 2, and the difference with respect to Model 1 lies in the inclusion of two time lags
for each of these variables. The determination of a two year lag has been made, considering previous
works. For example, the authors in reference [74] found a time lag of about two years of energy R&D
to commercialization for Japanese companies producing solar PV cells. The authors in reference [60]
used the same lag structure for the addition of R&D expenditures to the knowledge stock to evaluate
the diffusion of wind power in some European countries, including Spain. Moreover, the authors
in reference [75] consider that a time lag of two years is enough according to the fact that energy
technologies can absorb additional R&D investments with limited delays.

The first outstanding fact is that the inclusion of these time lags greatly improves the accuracy of
the model, as can be seen from the comparison of values for the Akaike information criterion (AIC)
and the Bayesian information criterion (BIC). For the variable measuring fixed capital investment per
capita, it is observed that its positive influence on the variation of the installed wind energy capacity is
deployed with a two year lag. This means that this investment, which includes the amount earmarked
for the formation of infrastructures, is not immediately perceived as an opportunity by the sector
companies, but it requires a certain passage of time. On the other hand, investment in R&D has a more
immediate impact, so that resources invested in R&D by the regional private sector have a favorable
impact on the creation of an attractive environment for wind companies in the same year it is carried
out and the following year. However, the magnitude of the effect is diluted, as reflected in the value of
the estimated coefficients.

In this second model, the representative variable of the training level in the region, inferred from
the percentage of resident population with higher education (TERTIARY), acquires significance and,
in addition, as expected, its influence is positive. Therefore, as expected, a higher educational level in a
region can be associated not only with the existence of a more qualified workforce, which represents a
competitive advantage for the location of wind companies and auxiliary firms, but also with a better
knowledge of the benefits of renewable energy, and thus, a greater receptivity of the local community
towards the installation of wind energy projects.

In this model, the significance and the sign of the variable HIGHTECHEMPLOY do not undergo
any change.

Finally, regarding the control variables, it should be mentioned that only the one that reflects
population density in the region (DENSITY) turned out to be significant. In this case, its effect is
negative, so that the greater the volume of population in the region in relation to its territorial extension,
the lower its installed wind power capacity is. As anticipated, one of the reasons may be again that
in the regions with greater pressures in terms of population, the aforementioned NIMBY effect of
social rejection could manifest itself with greater intensity. On the other hand, the average size of the
wind farm (FARM SIZE) is not a relevant factor in the regional deployment of wind energy, which is
somewhat consistent with the fact that studies that have previously analyzed the influence of this
aspect have not obtained conclusive evidence.

Finally, it is interesting to note that the non-significance of the variable METEO indicates that
although geographic factors are a necessary condition for the location of a wind farm, the truth is that
wind resources are not enough to explain regional differences in the implementation of wind energy,
which comes to reinforce the interest of this analysis [62,76].

4. Conclusions

Although regions have so far occupied a second level in the political process aimed at achieving
the necessary energy transition, the truth is that there are several arguments that indicate that the
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most conducive arena in which to implement strategies aimed at the abandonment of fossil fuel
energy in favor of the adoption of clean energy sources, such as renewables, is to be found at the
regional level. In this study, we wanted to make a first foray into the determinants that condition
the installation of wind capacity at the regional level, focusing, in particular, on those related to
technological and environmental knowledge in the region. Our results confirm the outcomes obtained
by previous papers at a national scale, showing that, in effect, in the regional context, there is a
significant positive relationship between wind energy installed capacity and the education level of
the population, the intensity of R&D investment made by companies and the level of fixed capital
investment. For this last factor, it has also been observed that its influence on the expansion of
wind farms in the region does not manifest itself immediately, but that at least two years have to
elapse before the improvement in regional capital stock becomes a location factor. On the contrary,
the influence of R&D investment is more immediate. What is relevant in this case is that the effects of
such investment spread for more than one economic period. This result may have significance in the
design of investment programs at the firm level, but also of public support policies for private R&D.
However, it must be kept in mind that the best public stimulus for private R&D does not consist of
establishing a subsidy program, but rather in defining clear and long-term energy policy objectives
that allow companies to adequately plan their R&D investment strategy [77]. In this task, coordination
between the different administrations—national, regional and even local—is very important [78].

This coordination is also very necessary to overcome social rejection, which is another obstacle
that may be hindering the diffusion of wind energy. In particular, the national energy authority must
pay more attention to the considerations of the regional and municipal administrations, since it is
at these levels that the social resistance to the implementation of wind farms is perceived with the
greatest intensity. At this point, educational tools and communication campaigns about the benefits of
wind energy can become the most effective strategies to overcome this rejection, along with the greater
involvement of all the social, business and institutional groups affected in the implementation of a
wind project [62,78].

There are still many questions to be asked and further analysis is called for, but with these results,
evidence of a relevant issue has already been obtained; beyond climate issues, there are other types of
determinants that explain regional differences with regard to the implementation of wind farms in
different areas. The main limitation of this work is that it only refers to the Spanish case, and therefore,
it has not been possible to carry out an international comparison about the influence of national factors
in conjunction with regional aspects. This will be the next step in our research. Going into more detail
on this issue may contribute to the achievement of a decarbonized economy if policies carried out on a
regional level can be suitably redirected by adopting a horizontal perspective.

Supplementary Materials: The following are available online at http://www.mdpi.com/1996-1073/13/14/3590/s1,
Data S1: Model Database in Spreadsheet format. This file provides the database used in the estimation of the
models discussed in this article.
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