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Renewable energy taxes and environmental impacts: a critical
reflection from the wind tax in Spain

Abstract: In recent decades, wind energy has undergone significant progress, with the contribution
of countries such as China, the United States, Germany and Spain standing out, although there is
no single comprehensive model for promoting renewable energy worldwide. In Spain, the regions
of Galicia, Castilla-La Mancha and Andalusia have led this process, with significant changes in their
contribution depending on the economic situation and the varied legislative framework in force at
any given time. Although wind energy is less harmful to the environment, it is not harmless, and
environmental impact and its penalisation is one of the key elements in the applicable regulations.
In the case of Spain, the three regions mentioned above, out of a total of seventeen, apply their own
taxes to tax the environmental impact of wind energy. The aim of this paper is to describe and com-
pare the wind tax applied in the aforementioned regions from 1995 to 2020; to characterise wind
taxation socio-economically, and to assess the suitability of this type of taxation to tax the environ-
mental impacts associated with wind energy activity in Spain. The differences in tax treatment are
notable and it is observed that the concept of environmental impact has been anchored in the past
and, today, older wind farms with less powerful wind turbines are those that bear a greater tax
burden, while more modern, more powerful and larger wind farms (with a significant environmen-

tal, acoustic and visual impact) may even be exempt from taxation.
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1. Introduction

Since the end of the 20th Century, renewable energies have been evolving rapidly
worldwide, and wind power has been in the vanguard of this change, and it has been
widely stated in the literature. This dynamic may be ascribed to a number of factors, but
the foremost of these is undoubtedly the establishment of policies that aim to foment more
sustainable development through the use of renewable energies [1-3]. In terms of installed
capacity, the proportion of wind power generation has risen from 9.5% in 2007 to 24.5%
in 2020 (figure 1).

Figure 1. World renewable energy installed capacity (on grid) (2007-2020) (%).
Source: author’s elaboration from Irena [4].
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Presently, the wind industry is playing an important role throughout the world since
itis providing new employment opportunities, diversifying the sources of energy produc-
tion, contributing significantly to sustainable development and helping to mitigate cli-
mate change [5-7].Wind energy is expected to play an increasingly important role world-
wide, progress that will be driven by a combination of more intensive exploitation and
technological improvements [8].In spite of a systemic crisis and the consequent negative
impact on the traditional model of financing renewable energy installations, the most re-
cent reports [4][9], allow us to confirm the strength of the wind sector worldwide and a
significant concentration of wind power generation within six countries (figure 2).

Figure 2. World leader wind installed capacity countries (2007-2020) (%). Source: au-
thor’s elaboration from [4].
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The applicable regulations and the wind development model followed by the pro-
producer countries have not been unique, although the Danish model has served as a ref-
erence. In Spain, regulations affecting the generation of wind power vary considerably
depending on the autonomous region. Three of these regions have been at the forefront
of the development and evolution of wind power since 1995; Galicia, Castile and Ledn,
and Castile-la Mancha. These are the regions whose wind power sector has evolved most
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notably and whose weight as a proportion of total Spanish production has been the great-
est by far in recent years. In fact, the combined production of the four regions represents
70% of the total capacity for Spain in 2019 (figure 3) and 65% of the installed wind turbines
(figure 4).

The aim of this paper is multiple: (i) firstly, to describe and compare the wind tax
applied in the three regions indicated, from 1995 to 2020, identifying the common ele-
ments and the differences. (ii) Then, to characterise the wind tax socio-economically. (iii)
Finally, from a critical perspective, assess the suitability of this type of tax to tax the envi-
ronmental impacts associated with wind energy wind energy activity in Spain, with an
alternative proposal for policy makers to consider. The selection criteria for the three re-
gions of analysis were the installed wind power capacity, their pioneering wind energy
trajectory in Spain and the existence of a wind tax applicable in each region. From the
analysis of the existing scientific literature, we have not identified any contributions that
allow us to make a regional comparison, within the same country, on the differences gen-
erated by the same tax on the wind resource.

The novelty of this research lies in the socio-economic comparison of the three types
of wind tax in Spain, as well as in the critical analysis of the capacity to penalise the envi-
ronmental impacts associated with the wind business. However, it also has limitations,
such as the lack of updated data on all the wind farms installed in the regions under study,
the lack of tax data for each wind farm and the lack of historical data on the part of the tax
revenue allocated to mitigate the environmental impact of wind energy. The novelty of
this research lies in characterising the impact of the application of a wind tax, theoretically
with the same purpose, but which presents notable differences in the three regions,
demonstrating that the level of penalisation is very different.

Figure 3. Wind installed capacity in each of the Spanish regions (MW)(2007-2020)(%).
Source: Own elaboration from [10] and [11]*.
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Figure 4. Wind installed farms in each of the Spanish regions (2007-2019")(%)
Source: Own elaboration from[10]*.

1 No data available for 2020
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(*):in Figures 3 and 4, in relation to Extremadura, the values are not very significant,
so they are not shown. In spite of this, we consider it important to include it in the list of
regions, in order to see the disparate evolution shown.

Compared to fossil fuels, wind energy is the energy source that is most compatible
with animals and human beings in the world. Wind energy is less harmful to the envi-
ronment, and generates both positive and negative impacts (both in the construction and
operation phases)[12] [13]. The positive environmental impacts are mainly twofold[12]: (i)
reduction of water consumption(conventional power plants use large amounts of wa-
ter);and (ii) reduction of carbon dioxide emission (wind energy has zero direct air pollu-
tion). The negative impacts are associated to its construction and maintenance phases,
and some wildlife impacts (impacts on wildlife with mortality from collisions with wind
energy plant while the indirect impacts are avoidance, habitat disruption and displace-
ment;noise impact;visual impact) [14] [15][16]. To penalise the negative impacts gener-
ated, the public sector can act through various instruments, including taxes, whose appli-
cation may be correct but not neutral, and may cause other undesired effects (paralyzing
investments). There are several reasons that justify the existence of energy taxes, which
can be roughly grouped in three main headings: revenue-raising motives, correction of
environmental externalities, and capture of rents associated to natural resources that are
used in energy production or consumption energy taxes [17] [18]. Thus, energy taxes can
incorporate in their structure elements that are more or less closely related to the environ-
mental damage caused, a characteristic that justifies their identification as environmental
taxes, or energy-environmental taxes. The introduction of environmental taxes, particu-
larly on energy, faces major political obstacles due to their impact on competitiveness,
their impact on low-income citizens, their impact on world trade and existing subsidies
[19].The lack of a framework for environmental energy taxation with a supranational vi-
sion prevents this taxation from being at its optimum level, with only marginal changes
in national, regional and local taxes. Energy-environmental taxation is one of the instru-
ments available to political decision-makers to correct environmental externalities, alt-
hough the use of these taxes - up to now - is below their real potential. The need to comply
with the Paris agreement and be in a position to achieve the Sustainable Development
Goals by 2030 [20]requires an in-depth reflection on existing environmental taxes and
their possible modulation in the immediate future to adapt them to reality. For example,
electricity taxes often do not differentiate between different energy producing sources,
generally not favouring cleaner energy sources and emission reductions. However, most
countries encourage the green energy transition by taxing fuels more heavily than hydro,
wind and solar, and energy use tends to be less carbon-intensive [20].
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Thus, the countries that pioneered the use of green taxation began their tax reforms
with a view to compensating for the revenue-raising potential of lowering other, more
perceptible taxes, such as income tax, for example. After this first generation, a second
wave of green tax reforms (GTRs) emerged, which moved towards compensating labour
costs such as social security contributions, following the rise in energy taxes, in an attempt
to influence the labour market. After the 2008 crisis, heterogeneity has taken over the third
generation of green strategies (figure 1), without much progress in the internalisation of
environmental externalities, which is still a long way to go[20].

Graphic 1.- Green taxes reforms

*Countries: Sweden, Norway, Holland, Estonia
sYears: 90s

sEffect: energy taxes, tax neutrality towards emissions in personal income tax and corporation
tax

+*Countries: United Kingdom, Finland, Germany, Czech Republic
+Years: from the late 80s to the 2000s
+Effect: increase in energy taxes, tax neutrality with reduction insocialcontributions

sCountries: Costa Rica, Germany, Netherlands, Switzerland, Irish, lceland, Mexico, Chile,
Slovenia, Australig, lapan, France, Portugal, Argenting, Canada, South Africa
+Years: from 2009 to the present

+Effect: new energy-ervironmental taxes with energy efficiency targets, introd uction and
maintenance of renewables and compensation of other taxes

Source: author’s elaboration from [21]

This reality is particularly striking in the Spanish case, where the absence of a na-
tional green tax strategy has been exploited by the Autonomous Regions to use environ-
mental taxes for extra-fiscal purposes, with the aim not so much of raising revenue as of
intervening in the economy. One of the most important areas of action of the regional
government are those levied on the energy sector. Green decentralisation, which, a priori,
does not necessarily have to be negative, works against a harmonisation that avoids the
judicialisation of certain tax mechanisms that can play an essential role in environmental
effectiveness [22].

The structure of paper is as follows. In Section 2 we present the literature review. The
analytical methodology used together with a description of the statistical information and
the case study are in section 3. The results we obtain are showed in section 4 and a dis-
cussion of their implications. The last section offers the key findings and policy implica-
tions that can be derived from the results.

2. Literature review

There is an extensive bibliography on factors related to the installation of wind farms:
socioeconomic, environmental, energy, cultural, territorial, political, technical and tech-
nological. The importance of each factor may vary in different regions and the context [23]
[24] [25]. For this study, the characterisation of energy taxes applied to wind energy due
the environmental impacts of wind development are the most important.

To understand this characterisation, it is necessary to start from the link between en-
ergy policy and the climate aid policy that countries wish to pursue. Countries that opt
for a pro-climate energy policy start from an understanding of the implications between
the coexistence of fossil fuels (desirable decreasing trend) and renewable capacities (in-
creasing trend) [26], which can lead to discrepancies between objectives at the country and
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regional level [27], as well as in the means of supporting the expansion of green energy.
In the case of wind energy, investments require comprehensive regulatory frameworks,
which allow for individual assessments according to the specific characteristics of the re-
gions where wind farms are to be located in order to safeguard environmental impacts
[28]. For example, real options theory has shown that in China, wind promotion policies
are affected by the uncertainty associated with carbon prices and wind turbine perfor-
mance due to weather conditions [29]. In Texas, the impact of wind farm installation was
limited in improving the region's finances and citizens' opportunities, with the exception
of a modest increase in current spending [30]. Another figure to consider is tax credits
(especially on production) that promote wind advancement, according to results obtained
through optimal programming analysis [31], although depending on the strength of the
market they can also cause brakes on promotion [32]. In the field of taxation, Dwyer and
Bidwell [33] highlight the importance of analyzing the process of wind farm promotion
starting from the defense of the public interest, allowing its participation to integrate com-
mon interests and minimize the impact of externalities. In this sense, Vinchard et al[34],
highlight the effectiveness of a tax on local resources that benefits the entire community
and reduces the presence of large individual financial investments led by international
companies that do not care about the impact on the environment.

The bibliographical references on environmental taxes and/or energy taxes focus
mainly on their application to fossil fuel electricity generation and, almost token stically,
on renewable energies. It is this theoretical approach that will be used in this research. It
is necessary to clarify the difference between environmental or environment-related taxes,
energy taxes and energy-environmental taxes.

Environmental taxes are a useful tool to reduce environmental impacts associated
with energy consumption and production, particularly global warming and climate
change [20] .Typical environmental taxes in developed countries include air pollution tax,
water pollution tax, noise tax, solid waste tax and garbage tax. Environmental taxes are
the economic means of allocating the social costs of the environmental pollution and eco-
logical destruction to the production costs and the market prices, and then distributing
the environmental resources through the market mechanism [35].

The classification of environmental taxes is limited to the nature of the taxable events,
which must be exclusively environmental, excluding energy taxes. The aim of this type of
tax is to correct environmental damage and generate revenue that governments can use
to reduce existing distortions, thus achieving an extra benefit or increase in non-environ-
mental welfare. The theory of the double dividend arises, where the first dividend is given
by the environmental improvement obtained, and the second represents all the additional
changes in welfare generated by the use of the environmental revenue [36].

The European Environment Agency [19] states that there are three types of environ-
mental taxes depending on their programmatic objectives, which generate different levels
of effectiveness: (i) cost-covering taxes (to cover the costs of environmental services and
pollution control measures; (ii) incentive taxes (to change the behaviour of producers
and/or consumers; (iii) environmental taxes for fiscal purposes (to increase revenue). The
main reasons put forward for the establishment of environmental taxes are the internali-
sation of externalities in the price of the goods, services and activities that produce them;
the application of the "polluter pays" principle, integrating economic and environmental
policies, encouraging changes in the behaviour of agents; the stimulation of innovation
and structural changes; and to reinforce compliance with regulatory provisions [37].

Energy taxes are levied on energy products (gas, coal, petrol, etc.) and energies (elec-
tricity, nuclear, renewable, etc.) at the different stages from production to consumption
and in various forms: general and specific taxes, taxes on energy produced and consumed,
earmarked and non-earmarked taxes, etc.[38].

Assessed the establishment of a tax that would penalise the production of electricity
by coal-fired power plants, from the transport of the mineral to the consumption of that
electricity(33). Among energy taxes, taxation on electricity increases the cost of electricity,
reducing demand and thereby the associated environmental burdens. The concrete effects
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of electricity taxation depend on the configuration of the tax . Regarding Spain, some stud-
ies have analyzed the impacts of energy or carbon taxes using different methodologies
[38] [39] , but not in the long-term context of renewable energy transitions. Applied to
renewable energies, Silva et al. [40] propose a tax reform that incorporates as variables,
the environment, government, consumers, final consumer goods, the energy sector, the
fossil energy sector, and the renewable energy sector. Another authors [41] indicate that
environmental energy taxes should preferably be allocated to jurisdictional units that ex-
haust the benefits and costs associated with the environmental good, so that they can gen-
erate competition between regions to increase environmental quality and attract citizens,
thus increasing the benefits of fiscal policy. In Spain, there are four categories of environ-
mental energy taxes applied at the regional or autonomous community level: (i) on atmos-
pheric emissions; (ii) on installations and activities that have an impact on the environ-
ment; (iii) wind energy taxes; and (iv) taxes on dammed water. All of them are character-
ised by not defining the externality appropriately, not estimating adequately the social
costs, not considering the spatial scope of the environmental damage taxed. Table 1 pre-
sents a compilation of the main theoretical contributions mentioned in this section.

Table 1.-Main authors contribution

Authors

Contribution

Oates (2001)

The paper argues that, under certain circumstances, decentralised levels of government have
a critical role to play in setting environmental standards and designing regulatory
programmes. The central government should take a national lead and support research in
environmental science and pollution control technology in order to help provide the necessary

information and guidance to state and local governments.

Drewitt and Langston (2006)

Analyse bird mortality as a direct effect of wind farm operation.

Peretto, (2007)

Describe the concept of environmental tax and how it affects the environment

Lapcik (2008)

Describe the impacts on fauna, flora and soil caused by the installation of wind farms.

Saidur et al, (2011)

Characterising the positive impacts associated with wind farms

Jorgensen,K et al (2015)

The interests of the countries and the interests of the regions do not coincide in renewable

projects.

Wang, Sh.; Wang, S (2015)

Characterise and describe the overall environmental impact of the installation of wind farms

Fulerton, Leicester and Smith (2016)

Relating the existence of environmental taxes to the implementation of corrective measures

for agents' behaviour

Gago, Labandeira, Otero (2016)

Characterise environmental taxes, excluding energy taxes from this category.

Petracci and Carizzo (2017)

Describe the impacts of wind farm development, particularly in Argentina, highlighting the

importance of preventive measures.

Sokotowski,M (2017)

Approach wind investment based on an individual assessment of each project and/or region,

broadening the characteristics of the environmental impact.

Yanan Li and Peng Yang, (2018).

Value environmental taxes as the economic mechanism to penalise negative impact on the

environment.

Dwyer,]. and Bidwell,D (2019)

Wind farm construction processes must be analyzed based on the trust of society, in order to
plan the project and obtain results that are neither discriminatory nor harmful to the

environment.

Frazier,A.W et al (2019)

Elimination of tax credits may have disparate effects on wind and solar energy performance
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Freire-Gonzalez and Ho, (2019)

To analyse the effect of the double dividend on environmental taxation through the
application of the Dynamic General Equilibrium Model, in the particular case of electricity

production in Spain.

Gago et al,(2019)

Emphasise the need to homogenise the different regional taxes, incorporating environmental

damage in the taxable events.

OECD (2019)

Describe the concept of environmental taxation and its use in the correction of negative

externalities, such as climate change

Sokotowski,M (2019) A pro-climate energy policy must consider the real impact of the coexistence of fossil energies
with renewable capacity.

Vuichard,P et al (2019) A local resource tax that benefits the whole community is preferable to the participation of a
large individual investor and increases the social acceptance of wind projects

Xiaoli Zhao et al (2019) Applying real options theory, he determined for China that wind investment depended on

both coal prices and wind turbine performance.

Krug, M.; Ohlhorst, D. (2020)

Describe the factors related to the establishment of wind farms, and their interactions

European Environment Agency(2020)

Characterising how different energy tax structures generate different revenue effects and

identify three types of environmental taxes considering the objectives pursued with them

Gago, Labandeira, Lebeaga, Otero (2020)

Propose the allocation of environmental energy taxes to jurisdictional units that exhaust the

benefits and costs associated with the environmental good.

Leiren, M.D. et al (2020)

Study the social acceptance of wind farms, where the option of being shareholders is presented

as a corrective element

Silva et al,(2020) Present a tax reform to be applied to the renewable energy sector, incorporating variables such
as the environment, government, consumers, final consumer goods, the energy sector, the
fossil energy sector.

Brunner et al (2021) The installation of wind farms in Texas had a limited impact on the region's finances

Jian Liu et al (2022)

The wind production tax credit can increase wind energy development if the credit subsidy is

high, applying optimal scheduling to decision making

3. Materials and methods

Analizing the factors that explain the win canon in Castilla Ledn, Castilla La Mancha
and Galicia, and its adequacy to the "polluter pays" principle require the use of different
quantitative and qualitative methods, and a theoretical approach was used, based on three
consecutive and interdependent phases. The main source of information for this re-search
paper came from the systematisation of data gathered from secondary sources and our
analysis was based on publicly available data (see table 2). The information is not homo-
geneous for the three regions, the main limitation for the analysis, because the official data
for the three regions do not include the same variables, nor do they refer to the same pe-
riod (for Castilla Leon and Galicia they correspond to the period 1995-2019, and for Cas-
tilla La Mancha to the period 1995-2014) and there are two official data sources for Galicia,

with non-coincident content.

Table 2.- Research structure and phases.

Research | Information provider

phase

Secondary information Relevance
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Xunta de Galicia Goverment (by

The Galicia Energy Institut-

* DOGA, Official Bulletin of Galicia[43]

To understand the legislative framework

*Regulatory documents at regional level

To know the list of wind farms installed in each

INEGA)[42] region.
Junta de Castilla y Leon[45] *Wind Register of Galicia(2019)(online
Junta de Castilla La Mancha [46] tool)[44]
Relaciéon de parques edlicos instalados en
Castilla Ledn y en Castilla La Mancha
Author’s elaboration Database of phase 1 To characterise economically the ratio of wind

farms by region
To do a comparison of data between the three

regions

Author’s elaboration Database of phase 2 To generate three scenarios from the application

to each region of the other wind canon models
applied in the remaining two regions.

To do a critical analysis of the data obtained for
the three regions in order to determine an

optimal wind energy levy model for taxing

environmental impact.

It has been necessary to carry out a more exhaustive study of the available infor-
mation in the three phases proposed, especially for Galicia:

Phase 1: Summary of all wind farms installed in the three regions. In the case of Ga-
licia, this was done by comparing the two official sources of information, the Register of
wind farms (online tool) and the Relacién de parques edlicos instalados del Inega.

Phase 2: socio-economic analysis of the samples of wind farms in the three regions,
based on the applicable wind tax regulations in Castilla Ledn, Castilla La Mancha and
Galicia. The variables under study were:

- Name of wind farm

- City council or councils of location

- Province or provinces of location

- Total number of wind turbines in the wind farm

- Unit power of the wind turbine. This variable is important to have an approxima-
tion of the possible environmental impact by technology, visual impact and acoustic im-
pact.

- Total power of the wind farm

- Unit tax rate: depending on the number of wind turbines in the wind farm and in
accordance with the provisions of Law 8/2009, wind farms with more than three wind
turbines will be taxed by wind tax, regardless of their technological capacity, size and age
(€.

- Total fee: theoretical total fee for each wind farm, calculated for one calendar year
of operation (€).

Singular wind farms and corporate wind farms were not considered as it was not
possible to obtain information for all of the above variables.

Phase 3: comparative scenarios of wind farm fee adequacy. For each region, the wind
tax model of the other two regions was applied to see the variations in the theoretical tax
rate, and to assess which of the three regulations would be more realistic for taxing the
environmental impact associated with wind activity.

Case study
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Case study analyses provide the opportunity to develop a rich understanding of the
characteristics and outcomes involved in the implementation of wind power taxes at a
regional and local level.

In Spain, the complexity of the energy system and also of the electricity mix (covered
by much legislation but lacking integrated wind policy) y los éptimos registros de viento
(onshore and offshore) led to an unequal growth of wind promotion in Spain, which was
organised on a regional basis but had not been matched by policies for the whole sector
(map 1).

Map 1.- Wind atlas of Spain and the regions of Castilla Ledn, Castilla La Mancha
and Galicia. Source: author’s elaboration [47]
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The importance of the three selected regions is justified by the remarkable wind re-
sources for industrial exploitation, so that from 2007 to the present (2021) (tables 3 and 4),
they have hosted between 59% and 53% of the installed wind power capacity in Spain, as
well as between 53% and 48% of the installed wind farms. In the case study, a total of 483
wind farms were analysed for which information was available for all the variables con-
sidered, with 117 wind farms in Castilla-La Mancha, 138 wind farms in Galicia, and 238
wind farms in Castilla Ledn.

4. Results and discussion
4.1. Comparison of regulations and economic assessment
The comparative analysis of the regulations highlights differentiating elements in the

different parts of the regulations (table 3), as well as three different scales for the
calculation of the tax liability (tables 4,5,6).

Table 3.- Comparison of existing Spanish regulations on wind energy taxation
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Galicia

Castilla la Mancha

Castilla Le6n

Regulation

Law 8/2009 of 22 December 2009,
which regulates the use of wind
energy in Galicia and creates the
wind and the

energy levy

Environmental Compensation Fund

Law 9/2011 of 21 March 2011 creating
the wind energy tax and the Fund for
the Technological Development of
Renewable Energies and the Rational

Use of Energy in Castilla-La Mancha

Legislative Decree 1/2013 consolidated text of the
legal provisions of the Community of Castile-Leon

on own and assigned taxes

Taxable object

The tax is levied on environmental damage caused as a result of the installation on wind farms of wind turbines for the production

of electricity.

Taxable event

Generation of visual and environmental effects and impacts as a consequence of the installation of wind farms.

Passive subject

Natural persons, legal entities or entities from Article 35.4 of the General Tax Law that carry out the operation of the wind farm.

Taxable base The sum of wind turbine units existing in the wind farm.
Tax rate Tax rate to be set annually on the | Quarterly tax rates are set according | Tax rate depending on the power of the wind
number of wind turbine units to the number of wind turbine units. | turbine and a reduction depending on the time

elapsed between the date of commissioning of the
wind farm and 1 July of the year for which the tax
is calculated.

Bonuses and | In the quota for effective repowering | -------- Decreasing according to the number of years of

reductions and reduction of wind turbines operation of the wind farm

Tax period and

Coincides with the calendar year.

The quarterly tax period. Due on the

Coincides with the calendar year. Accrual 1

accrual Accrual 1 January first day of the quarter January.

Afectation Actions for the conservation, | Boosting and promoting the use of | Endowment of the Fund for the compensation of
replacement and restoration of the | energy and the fulfilment of socio- | the territorial supplements to the Electricity Sector
environment. economic and technological | Act.

Compensation, territorial | purposes in Castilla-La Mancha. Surplus resources shall be used to finance
rebalancing and increased efficiency | Also to the consolidation of the | expenditure programmes relating to industrial
in the use of renewable energy | regional energy model, through the | energy efficiency in the Community, as determined
resources, sustainability, biodiversity | Fund  for  the  Technological | in the annual laws on the general budget of the
and the recreational and educational | Development of Renewable Energies | Community.

use of Galicia's natural resources. and the Rational Use of Energy.

Collection 2019 | 23.019,88 12.723,68 76.677,02

(thousands of

euros)

The Castilla Leon wind tax [45] establishes that the tax rate will be calculated according
to the power of each installed wind turbine, and according to the following scale (table

4):

Table 4.- Fees applicable in the Castile-Leon wind farm levy

314

315
316
317

318

Wind turbine power

Fee applicable to each wind turbine

<501 Kw

2.000,00 €

Between 501 and 1.000 Kw

3.800,00 €




Between 1.001 Kw and 1.500 Kw 6.000,00 €
Between 1.501 Kw and 2.000 Kw 8.500,00 €
More than 2.000 Kw 12.000,00 €

The Castilla La Mancha wind tax [46] indicates that the tax rate will be calculated
according to the number of wind turbines, and in the case of wind farms with a larger
number of turbines, considering the total installed capacity(table 5):

Table 5.- Fees applicable in the Castile-La Mancha wind farm levy

Number of wind turbines in the wind farm Fee applicable to each wind turbine

<2 0,00 €
3-7 489,00 €
8-15 871,00 €
>15 wind turbines, equal to or less than the installed 1.233,00 €
capacity in Mw
>15 wind turbines, in number exceeding the installed 1.275,00 €

capacity in Mw

Repowering bonus: not applicable.

Self-consumption, experimental or scientific projects are not subject to this allowance.

The Galician wind tax [43] considers a scale depending on the number of wind turbines,
with wind farms with four or more turbines being taxed (table 6):

Table 6.- Fees applicable in the Galician wind energy levy

Number of wind turbines in the wind farm Fee applicable to each wind turbine
1-3 0
4-7 2.300 €
8-15 4.100 €
>15 5.900 €

Re-powering bonus of a mandatory nature

In Spain, the three existing wind taxes are different in their content, but not in their
purpose. The Castilla Ledn wind tax is an annual tax, which establishes that the objective
of this tax is "the generation of visual and environmental effects and impacts caused by
wind farms and fixed elements of high-voltage electricity supply located in the territory
of the Community of Castilla y Ledn". The Castilla La Mancha wind tax was created with
the aim of "...preserving cohesion, territorial balance and the natural environment, as a
physical environment that supports the economic activity linked to the industrial use of
wind, in its consideration as a protected legal asset, and in order to contribute to the de-
velopment of a sustainable energy and economic model...". Law 8/2009, of 22 December,
regulates the use of wind energy in Galicia and creates the wind energy tax and the
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Environmental Compensation Fund[43]. The explanatory memorandum of this law states
that the generation of renewable energy is not totally innocuous and the installation of
wind turbines involves "easements, unavoidable burdens for the environment, the natural
environment, the landscape and the habitat in which they are located, which in part be-
comes transformed not only as a result of the visual impact produced by the existence of
wind turbines but also of other elements such as access roads and evacuation lines".

One of the main differences is the established tax rate, since the regions of Galicia
and Castilla La Mancha use the criterion of the number of wind turbines (in Galicia it
would affect wind farms with 4 or more wind turbines, and in Castilla La Mancha it would
affect wind farms with 3 or more wind turbines). This reality seems to collide with the
functionality of the "polluter pays" principle, and contributes to reflect on whether the
wind tax is a tax in which the energy factor or the environmental factor has a greater im-
pact, as indicated in the introduction to this article. It should be recalled that it defines
three types of environmental taxes depending on the objectives pursued, and that their
existence internalises externalities in the price of the goods, services and activities that
produce them; the application of the "polluter pays" principle [36] [41]. In this sense, by
excluding from taxation wind farms with a smaller number of turbines, in the regions of
Galicia and Castilla La Mancha there is not a full application of the above-mentioned prin-
ciple. On the other hand, the three wind taxes are environmental energy taxes, as estab-
lished some authors [41] and in the three regions they stand out for not defining the ex-
ternality appropriately, not incorporating the spatial scope of the environmental damage
taxed, and causing an inadequate jurisdictional allocation with great uncoordination be-
tween the different regions; without achieving a clear modifi-cation of environmental be-
haviour. From an environmental perspective, the impact of the double dividend theory
for the wind tax should be considered, even if it is difficult to determine the first dividend
for the environmental improvement obtained, and the second dividend should be rein-
forced by all the additional welfare changes generated by the use of the environmental
revenue (through the environmental compensation fund).

4.2. Analysis of the structure of wind farms

In the three regions analysed, and fundamentally for Galicia and Castilla La Mancha,
wind farms with a greater number of wind turbines and lower power (less than 900 kW)
predominate, with a lower productive capacity and less visual impact compared to wind
turbines with a power of more than 1,200 kW. In Castilla Ledn, the importance of wind
turbines with a high production capacity, with a rated power equal to or greater than 2,000
kW (table 7), stands out, with a visual environmental impact equal to or greater than that
of less powerful and older wind turbines.
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Table 7.- Main parameters of wind farms installed in Castilla Leén, Castilla La Mancha 376

and Galicia 377
i i Galicia Wind turbines Castilla - Leon Wind Castilla-La Mancha
Power per turbine(kW) Diameter (meters) Fuste length (meters) . . i
(%) turbines (%) Wind turbines (%)

300-330 30-32 30-34 116 1.0 0,0
600-660 42-47 43.5-60 38,6 103 33,6
750 44-48 70 115 8,7 45
800-850 52-58 65-74 152 26,3 33,8
200 44-52 40-75 58 0,0 0,0
1100 6l 58 0,0 1,7 0,0
1300-1320 55-61 80 48 0,4 0,0

1500 70-87 78-80 03 8,8 13,7
1600-1650 66-82 59-80 16 6,8 0,0
1665-1670 74 60-80 55 19 14
1800-1900 70-90 80-114 1,1 8,5 10

2000-2270 80-114 100-138 33 225 11,9
2300-2500 §2-121 90-120 01 09 0,0
3000-3465 90-125 105-1375 05 18 0,0
3600 117-131 §4-134 0,0 0,3 0,0

378

Due to the rapid development of wind energy in Galicia, especially up to 2007, the number 379
of wind turbines installed was generally small (< 650 kW), but in significant numbers (Ta- 380
ble 8). Thus, it can be deduced that 2168 wind turbines between 300 and 750 kW were 381
installed, 61.7% of the total, and they were located in 46% of the wind farms, and in 60% 382
of the affected municipalities. Only 25.2% of the wind farms operate large wind turbines 383
(1500kW or more), representing a lower number of installed wind turbines, with a total of 384
439 wind turbines (12.5%). However, these wind turbines have considerable dimensions, 385
both in terms of diameter and shaft height, which contributes to their overall environmen- 386
tal impact, almost doubling the dimensions of a smaller and less productive wind turbine. 387
Considering the period of analysis, it can be seen that 50.2% of the installed wind turbines 388
have an average life of 22 years, corresponding to the oldest and least productive wind 389

turbines. 390
Table 8.- Affected wind farms and wind turbines by tax rate in Galicia 391
Gravamen per unit Affecte Affected Explanations
392 d wind turbines
farms
< 3 turbines (0 €) 9 11 Predominant wind turbines 1300-
3000 kW
4 to 7 turbines (2.300 €) 14 76 Predominant wind turbines 1.200-
1500kW
8 to 15 turbines (4.100 €) 18 64 39% of wind farms with
turbines’capacity < 850kW
50% of wind farms with
turbines’capacity > 1800kW
> 16 turbines (5.900 €) 94 3385 84% of wind farms with
turbines’capacity < 900kW
In the region of Castilla Ledn, wind power expansion has been constant throughout the 393
period. The presence of wind farms with wind turbines of higher production capacity 394



and larger dimensions is noteworthy, although in general terms they are installations 395

with fewer turbines (table 9). 396
Table 9.- Affected wind farms and wind turbines by tax rate in Castilla-Leon 397
Gravamen per unit Affected wind farms =~ Affected turbines (number) Explanations
<501 kw (2000 €) 1 45 Turbines of 330 kw
501 to 1000 kw (3800 €) 81 2061 52% of turbines of 850 kw; 23% of turbines to 660 kw
1001 to 1500 kw (6000 €) 27 500 80% of turbines of 1500 kw
15001 to 2000 kw (8500 €) 113 1638 57% of turbines of 2000 kw and 18% of turbines of 1600 kw
> 2000 kw (12000€) 17 229 26% of turbines of 3465 kw; 51% of turbines to 2500 kw
A similar situation can be seen in the region of Castilla La Mancha, where wind farms 398
with a higher number of wind turbines have a lower unit power, and therefore older 399
and less productive turbines (table 10). 400

Table 10.- Affected wind farms and wind turbines by taxation rate in Castilla-La Mancha 401

Gravamen per unit Affected wind farms  Affected turbines (number) Explanations
=2 turbines (0 €) 4 4 wind turbines from 1670 to 3600 kw
3 to7 turbines (489 €) 7 34 wind turbines of 2000 kw
8 to 15 turbines (871 €) 19 239 wind turbines of 2000 kw
>15 turbines in a numbers total capacity MW (1233 €) wind turbines from 1500 to 2000 kw
>15 turbines in a number = total capacity MW (1275 €) 86 2760 wind turbines from 660 to 850 kw

Based on the above, it is also necessary to highlight how the power of the wind turbines 402
affects the wind farms. Thus, Galicia stands out because 38% of the turbines are up to 660 403
kW, being present in 84% of the wind farms, and being the wind farms with the highest 404
number of wind turbines. With the existing quota, it would be the oldest wind farms, with 405
older, less productive and smaller turbines, which would be paying higher taxation. A 406
similar situation can be seen in Castilla La Mancha, a region where 33% of wind turbines 407
are up to 660kW and another 33% up to 850kW. However, in the region of Castilla Leon, 408
26% of wind turbines have a unit power of up to 850kW and 26% above 2000kW. The new 409
generation wind turbines are larger, more productive and have a greater visual and/or 410
acoustic impact. It cannot be categorically stated that the most powerful and newest wind 411
turbines are less noisy, and in many cases it is necessary to carry out checks through spe- 412
cific programmes (WindPRo). In this sense, the tax reform[34] [40] is relevant, in which 413
the renewable energy sector is incorporated with all the variables of affectation high- 414
lighted and related to environmental impact, complemented with other regulations if nec- 415
essary?. 416

4.3. Suitability scenarios on environmental impact 417

Considering the above, in order to assess the taxation capacity of the impact of wind farms 418
by the three levies studied in this article, three scenarios are proposed consisting of a com- 419
parison of the application of the same levy to the three territories. Scenario 1 would apply 420
the three levies to a selection of typical wind farms in Castilla La Mancha (table 11), sce- 421
nario 2 would apply them to a selection of wind farms in Castilla Leén (table 12) and 422
scenario 3 would apply them to wind farms in the region of Galicia (table 13). As there are 423
differences in the definition of the three charges, it is possible to make a comparison that 424

2 In this case, the British regulations [48] could be considered, considering greater safety distances between wind

turbines and buildings, the larger the size of the wind turbine, in order to minimise environmental and acoustic impact.



allows an approximation to an ideal model of wind power charges in terms of penalising 425

environmental impact. 426
Table 11.- Application to a selection of wind farms in Castilla La Mancha of the Castile- 427
Leon and Galician wind farm fees. (T.G.U.: unit tax rate)(C.T.T.: total tax rate) 428
GALICIA CASTILLA-LEON CASTILLA-MANCHA
429 b
Wind farm  Capacity Wind Capacity per T.G.U CT.T. T.G.U. CT.T. T.G.U. CT.T.
MW turbines wind
Cerro Momeno 6 3 2000 0 0 8500 25500 459 1467
Dos pueblos 20 10 2000 4100 41000 8500 85000 871 8710
LaNavica 30 20 1500 5900 118000 6000 120000 1233 24660
Malagon 1 36 18 2000 5900 106200 8500 153000 1233 22194
La Esperanza 30 15 2000 4100 61500 6000 90000 871 13065
LaPlata 6,8 8 850 4100 32800 3800 30400 871 6968
Ampliacion
Majales 49,5 33 1500 5900 194700 6000 198000 1233 40689

Muela Cubillo 50 25 2000 5900 147500 8500 212500 1233 30825
Torviscal 24 16 1500 5900 94400 6000 96000 1233 19728
Muela de 5900 342200 3800 220400 1275 73950

i 36,96 58 660
Tortosilla
5900 118000 3800 76000 1275 25500
Hijes 13,2 20 660
Table 12. Application to a selection of wind farms in Castilla Le6n of the Castilla La 430
Mancha and Galicia wind charges. (T.G.U.: unit tax rate)(C.T.T.: total tax rate) 431
430 GALICIA CASTILLA LEON CASTILLA MANCHA
c ity Wi Capacity per
i) 4 y
Wind farm | P2 o wind T.G.U CT.T. T.G.U. CT.T. T.G.U. CT.T.
MW turbines ) B
turbine kW
Aldeavieja 14520 0 660 5900 129300 3800 83600 1275 28050
EL Rincén 5000 4 2000 2300 9200 8500 34000 189 1956
Ampliacién ) ) )
6600 3 2200 0 0 12000 36000 489 1467
Montejo
Arroyal 46500 31 1500 5900 182900 6000 186000 1233 38223
Ballestas 41580 2 3465 4100 49200 12000 144000 871 10452
El Canto _ ) -
) 5100 6 850 2300 13800 3800 22800 489 2934

Ampliacién
El Cerro 19800 30 660 5900 177000 3800 114000 1275 38250
La Sia 29700 27 1100 5900 159300 6000 162000 1233 33291
El Otero 4800 8 600 4100 32800 3800 30400 871 6968

Rabinaldo = 9000 6 1500 2300 13800 6000 36000 489 2934
EraDelPico 11900 14 850 4100 57400 3800 53200 871 12194
Table 13. Application to a selection of wind farms in Castilla Ledn of the Castilla La 433

Mancha and Castilla Ledn wind charges. (T.G.U.: unit tax rate)(C.T.T.: total tax rate) 434



GALICIA CASTILLA LEON CASTILLA MANCHA
Ca: ity
Wind Capacity | “PAIY Per
Wind farm wind T.G.U. CT.T. T.G.U. CT.T. T.G.U. CT.T.
turbines MW
turbine kW
A Celaia 32 28800 900 5900 188800 3800 121600 1275 40800
Alabe _ _ _ _ . -
23 17250 750 5900 135700 3800 87400 1275 29325
Cuadramon
Barbanza 26 8580 330 5900 153400 2000 52000 1233 32058
Chantada 30 50100 1670 5900 177000 8500 255000 1233 36990
Pefia _ _ _ _
23 20700 900 5900 135700 3800 87400 1275 29325
Armada
Ponte
31 40300 1300 5900 182900 6000 186000 1233 38223
Rebordelo
Serra da
18 36000 2000 5900 106200 8500 153000 1275 22950
Loba
Serra de _ _ _ . _
58 49300 850 5900 342200 3800 220400 1275 73950
Meira
Serra do _ - -
36 23760 660 5900 212400 3800 136800 1275 45900
Cando
Sil - -
20 40000 2000 5900 118000 8500 170000 1233 24660
ampliacion
Zas 80 24000 300 5900 472000 2000 160000 1275 102000

The suitability scenarios reveal problems that have already been detected throughout
the analysis. Scenario 1 (Table 11) would imply for the region of Castilla La Mancha a
significant increase in tax rates, as Galicia's wind tax has higher tax rates and Castilla Le-
on's wind tax would be applied to all wind farms, regardless of the number of total tur-
bines. Scenario 2 (Table 12) would imply for the region of Castilla Ledn a decrease in the
tax rate when applying the Castilla La Mancha levy, but an increase with the Galician
model, which would be levied on wind farms with a higher number of turbines and lower
power. Finally, Schedule 3 (Table 13) would imply for Galicia a decrease in the tax rate for
wind farms with older and more wind turbines, but an increase for wind farms with more
powerful turbines. In application of the "polluter pays" principle, it would be appropriate
to consider a wind tax model that takes into account all wind farms, regardless of the
number of wind turbines installed and also according to their unit power, together with
wider safety distances..

6. Conclusions

The three regional regulations analyzed present notable differences, especially in the
characteristics of the applicable fees (unit power, minimum number of turbines to be
taxed, and number of turbines per tax bracket).

The collection capacity is also very disparate, and for example for the year 2019, the
wind power fee in Castilla Leon was at least three times the revenue of the other two
regions.

The characteristics of the wind farms analyzed are also not coincident among the
three regions, highlighting:

in Galicia: the existence of wind farms with a unit power of less than 850kW but
with a high number of turbines, which bear a higher tax. The most current wind farms are
made up of a smaller number of turbines of higher power, so they are either not taxed or
are taxed less. The 84% of the wind farms subject to taxation have turbines of less than 900
kW;

in Castilla Leon: wind farms are made up of turbines of more than 1500kW to 2000
kW and there are also wind farms of less than 1000kW;

in Castilla La Mancha: a mixed system is applied that combines number of turbines
and power, highlighting wind farms with more than 1500kW of unitary power and from
600 to 850kW.

From the perspective of the policy makers, based on the scenarios foreseen for the
"polluter pays", it would be appropriate to consider a wind tax model that takes into ac-
count all wind farms, regardless of the number of wind turbines installed and also accord-
ing to their unit power, together with wider safety distances. The establishment of the
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wind energy tax involves penalising the environmental impact of carrying out an envi-
ronmentally friendly but not harmless energy activity. This requires less productivist ac-
tion on the part of governments, which should apply comprehensive regulations to pe-
nalize and prevent impacts, on fossil energies and also clean energies. Special attention is
needed to define “correct taxes”, to avoid or reduce undesired impacts over investments,
competitiveness, citizens, regions, etc..

The need to penalise the process of implementing this renewable energy contrasts
with the non-existence of such tax figures in the installation of other energy infrastructures
and other larger infrastructures (motorways, airports, ports, dry ports), in which the en-
vironmental impacts and damage are nontorious and sometimes even harmful to the eco-
nomic development of the municipalities in which they are located
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