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Abstract: Environmental sustainability is a fundamental asset in the development of all agricultural
policies within the European Union. However, its practical application is finding important incom-
patibilities between several of its objectives, such as the preservation of the landscape and action
against climate change, through the exploitation of renewable energies systems. Indeed, Spain and
its viticulture under PDOs are facing an exponential dilemma: the change in use of agricultural wine
grape producing land to install solar panels for renewable energy generation. Therefore, this study
aims to provide an assessment of the community where the Alicante PDO is based, on the environ-
mental sustainability of its vineyards in view of the implementation of photovoltaic solar energy
plants, and to identify an optimal and socially sustainable design. Online research techniques en-
suring anonymity were used, achieving a valuation of the quality of the wine-growing landscape
and its associated cultural heritage in the territory of the of Alicante PDO. However, as the im-
portance of solar energy generation is also valued, the preferred alternative would be a limited com-
bination of use and design to maintain the wine-growing landscape. These terms should be reflected
by competent administrations when authorizing future installations in the Alicante PDO.

Keywords: social perception; environmental sustainability; vineyards; landscape; solar energy

1. Introduction

Climate change is a reality that is affecting the global environment, altering the econ-
omies of countries, and influencing the existence of their citizens. Consequently, viticul-
ture, a centuries-old cultivation system that has significantly influenced the development
of landscapes of particular value, the culture and lifestyle of its populations and territo-
ries, thus shaping the identity and cultural heritage of wine-growing regions, is not ex-
empt from the new challenges posed by climate change. Recently, the modernization of
vineyard cultivation, due to an increasing demand for quality wines and the rise of wine
tourism, has generated a new agrarian landscape, which is institutionally and socially
recognized [1], which justifies the interest in environmental sustainability around wine
[2].

The relationship between humans and nature materializes landscapes [3]. This is
why, within the context of climate change and, given the difficulty of harmonizing devel-
opment, conservation in fragile environments, and reconciling nature conservation with
socioeconomic development [4], correct political decision-making around landscape plan-
ning and management is necessary, considering the interests of all parties involved [5].

‘Heritage’, ‘landscape’, and “participation’ concepts are articulated by experts in legal
and policy documents, highlighted in particular in the World Heritage Convention and
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the European Landscape Convention [6]. However, in the absence of recommendations
from governments, due to their inability to coordinate departments, private initiatives in
the wine sector have recovered the landscape. They have reinforced the identity of their
wines [1] in order to protect the landscape value of the vineyards in Protected Designa-
tions of Origin (PDOs) against abandonment and deterioration [7] and to adapt them to
new contexts of innovation and rural development [8]. The landscape has been incorpo-
rated into its business strategy as an enhancer of wine tourism and rural development,
thus integrating the territory into wine. Therefore, in this expansive context, the landscape
begins to be used as an economic lever and a territorial resource [9]. These are protection
strategies that have also been developed in regions registered as cultural landscapes cate-
gorized as UNESCO World Heritage Sites. For example, in similar subject regions of this
study, “Tokaj” is the only landscape in Hungary legally recognized as historically linked
to the homonymous wine [10].

Consequently, wine-growing landscapes have been gaining importance worldwide,
which, together with the demand and production of quality wine together and the rise of
wine tourism, has positioned them as a great innovation for the revitalization of agricul-
tural spaces [11]. For example, they have enhanced areas in clear decline, helping them to
increase agricultural income and, in some cases, established a new population or main-
tained an existing one [12].

In contrast, various studies have shown that market forces influence landscape
change to a much greater degree than implemented policy measures. Thus, the evolution
of international tourism and quality wine markets have played a fundamental role in the
change in land use and the intensity of agriculture, where the integration of landscape
maintenance practices, together with the commitment to quality wine, can be synergisti-
cally beneficial [13].

Understanding the implications that the different visions and power relations be-
tween experts and non-experts have for the development of participatory heritage conser-
vation and management policies within cultural landscapes is essential to deal with the
different articulations of heritage values that they make, their meaning, their preservation,
and to resolve conflicts that may have been generated [14]. A clear example is the follow-
ing dilemma which has arisen regarding environmental sustainability and that viticulture
in PDOs have been facing in Spain for a short, but exponentially increasing, time: the
change in the use of agricultural land that currently produces wine grapes to install solar
panels that generate renewable energy.

World renewable energy production has experienced a 5% increase in the last year of
up to 7,857,803 GWh, meaning photovoltaic solar a 13%. In Europe, Spain contributes a
tenth of this production, and is ranked as the second European country in solar produc-
tion (27,098 GWh) and fourth in photovoltaics (18,214 GWh) [15].

The generation of electrical energy through photovoltaic solar panels has become one
of the most popular renewable energy sources to mitigate climate change and achieve
global neutrality in CO2 emissions. Indeed, 0 kg of CO2 per 1 kWh is emitted into the
atmosphere, while 0.568 kg CO2 is reduced [16], summing other benefits such as decreas-
ing the use of fossil fuels and succeeding at energy self-sufficiency.

The solar energy potentials find no limits, and further implementations show rele-
vancy in the climate change context [17]. However, this implies a shift towards intensive
land use to generate solar energy to the detriment of existing agricultural coverage, which
is causing a multitude of social conflicts [18].

The dilemma that we are going to analyze is the case of the Alicante PDO, which
dates back to 1510 and is located in the southeast of Spain, occupying some 15,000 hectares
of vineyards. Alicante, with an annual sunshine duration of more than 2700 h, is placed in
climatic area V (Figure 1), which ensures an average daily annual global solar radiation of
over 5.0 kWh/sqm, consequently meaning an annual solar radiation of over 1826
kWh/sqm [19-21]. Consequently, Alicante has favorable conditions for the conversion of
solar energy into electricity.



Land 2023, 12, 1871

30f25

Radiacion solar ghobal media anual
50bre superticie horizontal (H)

STA chuz
0F TENERS
. ( .LAsmms

)

Figure 1. Solar radiation climatic areas in Spain (CTE).

In this region, the sun, a tourist resource and a great promoter of the ancestral wine
culture in Alicante, its increased prestige and its sustainable wine tourism, is postulated
paradoxically as territory degrader in areas where rainfed crops such as vines predomi-
nate and whose returns are more subject to uncertainty. This fact, together with the lack
of generational change, encourages winegrowers to consider selling or renting their vine-
yards to photovoltaic energy companies, which assures them a fixed annual income (from
€1,300/hectare to €2,300/hectare depending on the aptitude land for power generation)
without effort, thus constituting a very attractive alternative.

In addition, state and regional public administrations in Spain, protected by law [22],
have adopted various measures since 2020 to accelerate the implementation of facilities
for the use of renewable energies due to the climate emergency and the need for urgent
economic reactivation, in compliance with the National Integrated Energy and Climate
Plan (PNIEC) 2030 guidelines [23].

Subsequently, a large number of projects have been presented (regional approval if
less than 50 MW and a state approval requirement if more than 50 MW) to achieve that
goal in the very short term, which has provoked protests from environmental groups,
neighborhoods, and agrarian associations [24]. It must be considered that the majority of
companies requesting photovoltaic solar projects tend to operate under the financial um-
brella of investment funds, many of them foreign, which take advantage of the inertia of
energy reconversion without caring about the local frictions that these types of projects
generate in the aforementioned groups and the councils of the affected municipalities.

However, the dilemma is also presented to these associations and groups since they
are not against the development and promotion of renewable energies. But experiencing
what they call “manifest energy speculation”, they propose an alternative model of small
plants (no more than 5-10 MW) with the generated energy being distributed through en-
ergy communities located near urban centers for self-consumption, avoiding long high-
voltage lines that intensify environmental impacts and also put their agricultural heritage
at risk.

Faced with this threat, the Alicante PDO has carried out various mobilization strate-
gies [25], publishing the institutional manifesto “The Vineyard of the Sun” [26] and col-
lecting signatures to protect its wine-producing territory against the progressive
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proliferation of solar plant projects. As a result, the regional government has processed
the Catalogue for the Protection of Agricultural Cultural Landscapes of Wine [27,28].

The competition for land derived from the transition to renewable energies is scien-
tifically proven (a minimum of 2 hectares is necessary for each installed MW), and eco-
nomically reasoned [29]. Solar energy generation seems to have become one of the most
popular sources to achieve global carbon neutrality [18]. The expected production of solar
energy in Spain would require approximately 0.65% of the national territory, estimating
up to 22 million tons of emissions due to the change in land use [30]. Therefore, the regu-
lation, planning, and implementation of the system must be conscientious in order to
avoid a significant increase in its life cycle emissions through terrestrial carbon losses [31].
In addition, it is possible that the installation of photovoltaic plants on arable land irre-
versibly damages the soil [32]. Various studies consider that the development of these
photovoltaic plant systems should only be implemented in degraded areas, less viable for
agricultural use [33], and should also be addressed locally from an intersectoral perspec-
tive [34].

Consequently, many municipalities where Alicante PDO vineyards are located have
declared a moratorium on the licenses to build these photovoltaic installations to avoid
the uncontrolled avalanche of projects. This is due to the absence of land use planning that
should consider these projects since the rapidity of their technological and economic evo-
lution has not allowed territorial plans to be updated. Local governments are very con-
cerned that a point of difficult return has been reached, destroying landscapes and crops,
and causing even more, if possible, emptying of the population of agricultural municipal-
ities at risk of depopulation.

It is for all the exposed arguments that, given the proliferation of these colloquially
called “solar farms” as a sustainable action against climate change, we consider it inter-
esting to know what the opinion of the society where the Alicante PDO is located is on
this dilemma of sustainability in the vineyard, as no previous survey has been carried out.
Positions range from strong landscape protection to total freedom for installation, with an
intermediate situation of pragmatic integration through the application of new “agri-
voltaic” technologies that imply the symbiotic coexistence of vineyards and solar panels
on the same plot, allowing agricultural production and energy production to occur sim-
ultaneously. The integration of both productions in the same area, a concept originally
born in 1982 [35], enables the increase in the land use efficiency and the total revenue in
the agricultural sector [36-39], land productivity increased by 70% [40], although this in-
tegration may reduce the efficiency of either one or both productions [41].

These “agrivoltaic” alternatives make it possible to combine the maintenance of ag-
ricultural land and its landscape, increasing its productivity with the generation of elec-
tricity as green energy, and therefore enhancing local economic development, as well as
the fight against climate change with the production of emission-free renewable energy.
Intelligent shading “agrivoltaic techniques”, which may regulate sun incidence and the
temperature on the vines, favor the use of the same land to obtain solar energy and viti-
culture products [42], and could be of interest to achieve a progressive ripening of the
grapes in order to ensure acidity and aromas in the wine and to save on electricity con-
sumption and irrigation in the vineyards partially shaded with solar panels, while gener-
ating renewable energy. Consequently, the expansion of “agrivoltaic” models would
therefore entail an alternative in the search for that balance between the need for renewa-
ble energy and territory conservancy and cultivation and could also significantly contrib-
ute to stop global warming and ensure food supply [43].

Accordingly, the objective of this research is to know the assessment of the society
where the Alicante PDO is based on the environmental sustainability of its vineyards in
view of the implementation of photovoltaic solar energy plants, in order to know which
model would be socially accepted, and if the shift to “agrivoltaism” is socially sustained.
No general opinion poll has been carried out to the population so far.
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To this end, the following six sub-objectives are proposed: firstly, to assess the quality
of the existing wine-producing landscape and its cultural heritage compared to the quality
of a photovoltaic landscape; secondly, to know the opinion on what use the wine-produc-
ing territory of Alicante PDO should have; thirdly, to identify the opinion on photovoltaic
panel installations and what limitations should be placed on their facilities for sustainable
social acceptance; fourthly, to know the opinion regarding the design of photovoltaic
panel installations in the event that the competent authority allows them; fifthly, to ana-
lyze the significant perception differences among population and if they are influenced by
their social profiles; and sixthly, to identify the main factors that underlie the survey and
stir up surveyed preferences.

2. Materials and Methods

The studied population was the province of Alicante, an administrative entity in
Spain where Alicante PDO vineyards are located with an area of 5816 km?.

In order to gather the necessary information to achieve the four first objectives, min-
imizing costs and maximizing scope, a questionnaire was designed using Google Forms
and “snowball sampling” online research techniques. Questionnaire diffusion was
through electronic and social networks. A modality that is included within the surveys by
self-administered questionnaires [44] ensures anonymity at all times and opens for reply
for a period of one month in December 2022.

Based on previous public social surveys carried out in the province related to the
matter, the form contains two types of questions, some with a 5-point Likert scale response
and others with a single choice among several options. The questionnaire has been struc-
tured in the following 5 sections:

- The first section with responses on a 5-point Likert scale, seeks to know the assess-
ment that respondents make of the wine-growing landscape and wine-growing cul-
tural heritage framed in the Alicante PDO and the landscape offered by photovol-
taic plant installations (Table 1).

Table 1. Valuation of wine-producing territory Alicante PDO (Likert scale 1 to 5).

1.1. Value landscape quality that wine-growing landscape deserves

1.2. Value landscape quality that wine cultural heritage deserves

1.3. Evaluate landscape quality that photovoltaic installations deserve

- The second section, through a single choice among several options, consults the
preference for land use and the setting, or not, of limitations in the case of photovol-
taic installations.

Hence, firstly asked for is the surveyed opinion regarding the use of the land (Table 2). It
asks if they prefer to maintain the vegetation cover with the vines to produce wine (Figure
2), if they rather prefer the land be dedicated solely to the installation of solar panels for
renewable energy production (Figure 3), or if they opt for the combination of both uses in
the same plot, “agrivoltaic” production (Figure 4).
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Figure 4. “Agrivoltaic” production in Ribera del Duero.

Table 2. Opinion on the use of wine-producing territory in the Alicante PDO.

2.1.If you had to choose a land use, what would you prefer?

2.1.1. Keep the vineyard only

2.1.2. Set photovoltaic panels only

2.1.3. Combine vineyards with photovoltaic panel installations
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2.1.4. Do not know, no answer

2.2. What do you consider more environmentally friendly?
2.2.1. Keep the vineyard only

2.2.2. Set photovoltaic panels only

2.2.3. Combine vineyards with photovoltaic panel installations

2.2.4. Do not know, no answer

Then, they are asked which of the offered options is perceived as more respectful to
the environment (Table 2).

- The third section consults what opinion do those surveyed have regarding the in-
stallation of solar panels in vineyards located in producing areas of the Alicante
PDO (Table 3) in terms of prohibiting their installation, allowing it without limita-
tions, or allowing it with certain limitations. The “Does not know/does not answer”
option is contemplated in all cases.

Table 3. Opinion on photovoltaic panels installations in Alicante PDO.

3.1. What would be your opinion regarding the installation of photovoltaic panels in
vineyards?

3.1.1. Prohibit its installation
3.1.2. Allow its installation without limitations

3.1.3. Allow its installation with limitations

3.1.4. Do not know, no answer
3.2. In the event that the installation of photovoltaic panels was allowed by the com-
petent authority in wine-producing territory of Alicante PDO, what limitations

would you place? (Likert scale 1 to 5)

3.2.1. To surface occupation

3.2.2. To distribution design on the surface

3.2.3. To facility fencing

3.2.4. To visual protection with trees and/or shrubs

3.2.5. To earth movement works

3.2.6. To construction style

For those respondents who would establish limitations to photovoltaic installations,
access was given to another round of questions to find out, through 5-point Likert scale
responses, if those limitations would be in terms of total occupied area, site design of pan-
els, perimeter fencing, visual protection through trees and shrubs, earth movement re-
quired to settle the installation, or style of the necessary buildings for facility maintenance
and operation (Table 3).

- The fourth section, through a single choice among several options that also consid-
ers “does not know/does not answer”, focuses on finding out preferences regarding
the design characteristics that a solar panel installation should meet to be accepted
(Table 4). Following the structure of the previous section, the preferred attributes
for each limitation are investigated.

Table 4. Opinion on design of photovoltaic panel installations in Alicante PDO.

If Installations of Photovoltaic Panels Were Allowed by the Competent Authority in
Alicante PDO,
4.1. What would you prefer regarding the limitation of the total area to be occupied?
4.1.1. Maximum 50 ha (equivalent to 100 football fields or 1 golf course)
4.1.2. Maximum 100 ha (equivalent to 200 football fields or 1 golf course)
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4.1.3. Maximum 250 ha (equivalent to 500 football fields or 1 golf course)
4.1.4. Maximum 500 ha (equivalent to 1000 football fields or 1 golf course)
4.1.5. No maximum limit

4.1.6. Do not know / No answer

4.2. What would you prefer regarding the distribution of the plates in the total sur-
face to be occupied? (Likert scale 1 to 5)

4.2.1. Continuous and compact

4.2.2. Dispersed with vineyard or environmental corridors

4.3. What would you prefer regarding the design of the evacuation lines for the elec-
trical energy produced? (Likert scale 1 to 5)

4.3.1. Underground

4.3.2. Aerial

4.4. What would you prefer regarding the design of perimeter fencing for the facil-
ity? (Likert scale 1 to 5)

4.4.1. Simple twist metal

4.4.2. Cynegetic
4.4.3. Wood or cane
4.4.4. Hedge planting

4.4.5. Grove planting

4.4.6. Local grove planting
4.4.7. Without fencing
4.5. What would you prefer regarding the necessary earth movements to place the
installation? (Likert scale 1 to 5)
4.5.1. To allow all needed to maximize the efficiency of the plates

4.5.2. Not to allow, plates should be adapted to the profile of the terrain

4.6. What would you prefer regarding the design of the necessary operational build-
ings? (Likert scale 1 to 5)

4.6.1. Simple buildings without special finishing

4.6.2. According to constructions to the rural architecture of the area

So, in the event that the competent authority authorizes a photovoltaic installation,
those surveyed were asked about their preference in terms of the total area the facility
should occupy. A size equivalent to a soccer or golf field is indicated for the different op-
tions so the respondents may have a reference of the magnitude involved.

In relation to solar panel distribution and their installation, respondents can select
between a continuous and compact design or a dispersed design of panel islands with
environmental corridors or vineyards among them.

They were also asked about their preference in the location of the energy transmis-
sion lines, aerial or underground, and also about the type of perimeter fencing of the pho-
tovoltaic installation, being able to choose between the absence of it, or within different
options such as simple torsion, cynegetic, natural structures of wood or cane, and natural
perimeter protection by trees or shrubs (Figures 5-8). For this last option, they were also
asked if they would prefer hedges, plantations, or the formation of groves with local spe-
cies from the area.
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Figure 5. Simple torsion fencing.

Figure 6. Cynegetic fencing.

Figure 7. Wooden fencing.
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Figure 8. Fencing with trees or shrubs.

With regard to the necessary earth movement to undertake solar panel installation
two models were asked to consider: first, a model that modified as much of the soil struc-
ture as it needed to level the ground and maximize the efficiency of the solar panels, and
second, on the contrary a smaller movement to respect the original orography of the land
as much as possible, adapting the location of the solar panels to the original profiles.

And finally, the style of the buildings that are needed for equipment keeping, being
able to choose among basic constructions without a special finish, or others whose design
and materials are more consonant with the environment were considered.

- The last section involves the socioeconomic data of the sample, including age, gen-
der, educational level, occupation, income level, place of residence, and role within
the wine sector. The choice was given between different values and ranges, with the
option not to answer.

For the sample size calculation, the following formula was used [45]:

n=(NxZ2xpxq)/(N-1)x2+Z2xp xq)

The population studied was the province of Alicante whose census in 2021 was
1,901,594 inhabitants. The first target was set with a 5% margin of error, a confidence level
of 95%, and heterogeneity of 50%, with n = 385 people. But ultimately only 122 enquiries
were collected, which meant a 9% margin of error with a confidence level of 95% and p =
g =0.5. This number of collected surveys is a consequence of the chosen method to obtain
the questionnaire. Cronbach’s alpha coefficient to measure research reliability is 0.723,
which can be considered acceptable according to Nunally and Bernstein [46], being within
0.7 and 0.95.

To achieve the fifth objective, analyzing perception differences and possible influ-
ences, a segmentation of the sample is needed. So, considering the average replies to the
items of the last section of the form (gender, age, educational level and relationship with
wine sector), the surveyed are divided into groups per item in order to find significant
differences (p < 0.05) using the Chi-squared index for qualitative variables, and the Mann-
Whitney U test (2 groups) or Kruskal-Wallis (3 groups) test for the 5-point-Likert scale
items, with the free software “R program” [47].

Lastly, to identify the main factors that underlie the survey, an exploratory factorial
analysis is convenient. This multivariable analysis technique allows the reduction in the
excess of information associated with multivariable collection to the main representative
components. These latent components or factors represent the group of questions that ex-
plain relations among them without lack of information [48]. Principal component analy-
sis and Kaiser’s varimax normalization were the extraction and rotation methods used,
respectively.
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3. Results
3.1. Demographic Statistics

Several studies show that the response rate of online studies depends on personal-
ized contact strategies [49]; on the individual interests in the addressed subject; on the
length of the survey; and some other technical factors [50]. As a matter of fact, this modal-
ity of survey circulation presents certain limitation in the adequacy of the sample to the
structure of the population studied. Thus, in age distribution (Table 5), adult-age (61.5%
of the sample compared to 31.5% of the population) and young people (24.8% of the sam-
ple compared to 22.2% of the population) have benefited compared to the senior age
group (11.2% of the sample compared to 22.2% of population). Moreover, with regard to
educational level, university has predominated (81.1%) (Table 5). Without undermining
the external validity of virtual research [51], the used technique has been an efficient tool
to maximize the time—cost relationship, although it has been observed that “snowball sam-
pling” entails an initial conditionality motivated by the initial core [52].

Table 5. Demographic data of the sample.

1.1. Gender
Female 45.9%
Male 50.0%
Prefer not to answer 4.1%
1.2. Age

Young: 18-35 years 24.8%
Adult: 36-65 years 61.5%

Senior: > 65 years 11.2%
Prefer not to answer 2.5%
1.3. Educational level
Primary School 0.8%
Secondary/Medium Grade Professional Education 1.6%
Bachelor/Higher Grade Professional Education 13.9%
University Studies 81.1%
Prefer not to answer 2.5%

The previous demographic data have served as a basis for carrying out the first three
segmentations that analyze the influence of certain characteristics of the population on the
responses. The first segmentation is by gender and involves generating two groups: fe-
male and male. The second segmentation is by age and divides the population into three
groups: young (18-35 years), adult (36-65 years) and senior (>65 years). The third segmen-
tation is by educational level and concerns two groups: university students and non-uni-
versity students (Primary School, Secondary/Medium Grade Professional Education and
Bachelor/Higher Grade Professional Education). The fourth planned segmentation di-
vides the population based on its relationship with the wine sector into two groups: those
who do have a relationship with the wine sector (Winegrower/Vineyard owner, Cellar-
keeper/Winemaker/Wine distributor and Wine consumer/Wine tourist) and those who do
not (Table 6). It should be noted that 47% of those surveyed stated that they were not
related to the wine sector, 44% considered themselves consumers or wine tourists, only
7% were related to wine industry as winemakers, oenologists or distributors, and only 2%
were winegrowers. Consequently, we have segmented the sample into two groups: those
who do have a relationship with the wine sector (Winegrower/Vineyard owner, Cellar-
keeper/Winemaker/Wine distributor and Wine consumer/Wine tourist) and those who do
not.
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Table 6. Relationship of the sample with the wine sector.
1.4. Relationship with wine sector
Winegrower/Vineyard owner 2%
Cellar-keeper/Winemaker/Wine distributor 7%
Wine consumer/Wine tourist 44%
No relation with wine sector 47%

3.2. Descriptive Statistical Analysis

Below are the descriptive statistics results obtained from the questions raised in the
different sections of the questionnaire regarding sustainability in the vineyards in the Al-
icante PDO versus the implementation of photovoltaic solar power plants.

3.2.1. Landscape Quality

Regarding landscape quality, respondents value the wine-producing landscape of
the Alicante PDO territory and its concomitant cultural heritage more positively (3.81 and
3.96) than landscape quality related to photovoltaic panel installations (2.51) (Figure 9).

5
3.96
4 3.81
34—
2.51
2+
1
Alicante PDO Alicante PDO Photovoltaic ;
vineyards cultural heritage installations

Figure 9. Valuation of the wine-producing territory, Alicante PDO (Likert scale 1 to 5).

3.2.2. Land Use

The preferred option of land use is the combination of vineyards with photovoltaic
panel installations, chosen by 64.8% of those surveyed, and also being considered the most
environmentally friendly option by 54.1%. The second choice is maintaining vineyards
only with 32.8%, which is considered by 44.3% of the respondents as more respectful to
the environment. Finally, the less attractive option is the solo use of photovoltaic panels,
since only 1.6% consider it to be the best option for land use, and even less (0.8%) consider
it to be the most respectful to the environment (Figure 10).
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90%
80%
70%
60%
50%
40%
30%
20%
10%
0%
Land use More environmentally friendly
Do not know, no answer
11 Set photovoltaic panels only
u Keep the vineyard only
® Combine vineyards with photovoltaic panel installations

Figure 10. Opinion on the use of wine-producing territory in Alicante PDO.

3.2.3. Opinion on Photovoltaic Installations in Alicante PDO

A vast majority of the respondents (68.9%) are in favor of allowing the installation of
photovoltaic panels, but with certain limitations. However, almost a third (27.0%) would
totally prohibit them, and only a scant 2.5% would allow them without any limitations
(Figure 11).

Prohibit its installation = Allow its installation without limitations

m Allow its installation with limitations m Do not know, no answer

1.6%

2.5%

Figure 11. Opinion on photovoltaic panels installations in the Alicante PDO.

In the event that the implementation of photovoltaic panel installations is allowed by
the competent authority, there is a broad agreement to require the six limitations that have
been proposed according to the following order of preference: the surface is to be occupied
by the installation of photovoltaic panels (3.93), the visual protection of the installation by
means of trees and/or bushes (3.92), the style of the necessary operational constructions
(3.90), the needed earth movement to execute the installation (3.82), the distribution de-
sign of the photovoltaic panels on the surface (3.76), and the fencing of the installation
(3.56) (Figure 12).
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3.93 3.92 3.90 3.82 3.76

To surface occupation

To visual protection with trees and/or shrubs

To constructions style

To earth movement works
B To solar panel distribution on the surface design
W To facility fencing

Figure 12. Preferences on limitations to photovoltaic panels installations in Alicante PDO.

3.2.4. Opinion on limitations on Photovoltaic Installations

In the following section, limitations regarding the seven design characteristics are
analyzed if the implementation of photovoltaic panel installations were allowed by the
competent authority.

Regarding the limitation of the total area to be occupied, the most chosen option by
almost half of the sample (43%) has been a maximum of 50 ha (equivalent to 100 soccer
fields or 1 golf course), while the rest has not exceeded 10%. It should be noted that a third
(32.8%) of the sample consider that they do not have enough criteria to answer (Figure
13).

Maximum 50 ha Maximum 100 ha Maximum 250 ha

Maximum 500 ha B No maximum limit M Don't know / No answer

3.3%

8.2% 4.9%

Figure 13. Photovoltaic panel installations total area limitation.

Regarding the distribution of the solar panels in the total surface to be occupied, it
was preferred to be dispersed within vineyards or environmental corridors (3.46), rather
than the continuous and compact proposal (2.51) (Figure 14).
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5
4 3.46
3 251
2
1
Continuous and compact M Dispersed with vineyard or environmental corridors

Figure 14. Solar panels distribution design on surface.

Regarding the design of the evacuation lines for the electrical energy produced in the
installation up to the network connection, the respondents preferred them to be under-
ground (3.77), instead of aerial (2.51) (Figure 15).

5
4 3.77
3
2.16
2
1
Undergrounded 1 Aerial

Figure 15. Electrical energy evacuation lines location preference.

In relation to the style of the perimeter fencing, there is a clear preference towards
natural fencing, either through groves with native species from the area, the most valued
option (4.16), wooden or cane structures (3.87), and with hedges (3.52). Metal-type fences
are not considered suitable, neither the cynegetic types (2.74) nor the simple torsion fences
(2.13). There is neither rejection nor preference for leaving the installation without a fence
(2.97), although that possibility is totally unaffordable for the owners of the photovoltaic
panels due to easy exposure to thieves (Figure 16).
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5
4.16
3.87
4 352
2.97
3 | _— 2.74
2 — | — —
1
Grove planting Wood or cane Hedge planting
= Without fencing ~ ® Cynegetic B Simple twist metal

Figure 16. Facility fencing style preferences.

With respect to the necessary earth movement for placing the installation, the most
supported option is not to allow a great movement and adapt the installation to the profile
of the terrain (3.93) rather than allowing as much movement as needed to maximize the
efficiency of the solar panels (2.18) (Figure 17).

3.93

2.18

Not to allow, solar panels should be adapted to the profile of the terrain

1 To allow all needed to maximize the efficiency of the solar panels

Figure 17. Facility fencing style preferences.

Finally, considering the design of operational buildings, there is an important con-
sensus that construction styles should be adapted to the rural architecture of the area (4.28)
rather than permitting simple buildings without a special finish (2.12) (Figure 18).

2

1

Constructions according to rural area architecture # Simple buildings without special finishing

4.28

2.12

T

Figure 18. Operational building style preferences.
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3.3. Differences among Population Groups Segmented by Gender, Age, Education Level, Rela-
tionship with Wine Sector

To evaluate the influence of gender, age, educational level, and relationship with the
wine sector on the assessments and opinions given by the surveyed, the sample was seg-
mented into five groups. Tables 7-10 show statistically significant results on differences
among groups.

Starting with gender segmentation, only four items show statistically significant dif-
ferences (Table 7). Concerning the assessment of the photovoltaic panel installation land-
scape quality, the male group consider it worse (2.23 vs. 2.75). Related to the limitation of
the total area occupied by solar panels, the male group is more favorable to employ them
on the surface up to 50 and 100 ha (49.1% vs. 39.2% and 8.1% vs. 1.8%). The female group
is more favorable to use 100 and 250 ha (12.5% vs. 4.9% and 3.6% vs. 3.3%). It is important
to note that almost twice as many females (41.1%) did not answer the question, compared
to males (23.1%). And also notice that 11.5% of the male group does not impose surface
limitations, which is six times more female group rate (1.8%).

Table 7. Gender segmentation results.

Assessment of the Wine-Producing Territory of Alicante PDO
Gender Female Male
Quantitative variables (Likert scale 1 to 5) ~ Average Average v Mann— p-value *
Whitney
Qualitative variables (select one option) % % x> df p-value*
Assess the landscape quality of the photovoltaic panels 2.75 2.23 1316 0.220 0.028
Opinion regarding the design of photovoltaic panel installations in Alicante PDO
If installations of photovoltaic panels were allowed by the competent authority in Alicante PDO,
What would you prefer regarding the limitation of the total area to occupy? 11995 5 0.035
Maximum 50 ha 39.2% 49.1%
Do not know, no answer 41.1% 23.1%
Maximum 250 ha 12.5% 4.9%
No maximum limit 1.8% 11.5%
Maximum 100 ha 1.8% 8.1%
Maximum 500 ha 3.6% 3.3%
What would you prefer regarding the design of the evacuation lines for the electrical energy produced?
Underground 3.59 4.00 1263 0.220 0.011
Aerial 2.63 1.72 1010 0.220  0.000
What would you prefer regarding the facility’s fencing design?
Cynegetic fencing 243 2.97 1322 0.220 0.029

* p value < 0.05 statistically significant differences.

Following age segmentation results, a statistically significant difference is observed
in only three questions. They are listed as follows in the order from highest to lowest sup-
port: young, adult, and senior (Table 8). The young group prefers more aerial evacuation
lines that the others (2.69 vs. 2.06 vs. 1.17), without fencing the installation (2.69 vs. 2.06
vs. 1.17), and with simple buildings without special finishing (2.38 vs. 2.33 vs. 1.38). These
results show that young group has less interest in landscape aspects and respect for pri-
vate property.
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Table 8. Age segmentation results.

Opinion Regarding the Design of Photovoltaic Panel Installations in Alicante PDO
Age range Young 18-35Adult 36-65 Senior > 65
Quantitative variables (Likert scale 1 to5)  Medium  Medium Medium HK.-Wallis  p-value *
If installations of photovoltaic panels were allowed by the competent authority in Alicante PDO,

What would you prefer regarding the design of the evacuation lines of the electrical energy produced?

Aerial 2.69 2.06 1.17 10,238 0.006
What would you prefer regarding the facility’s fencing design?
Without fencing 3.41 3.06 1.06 13,006 0.001
What would you prefer regarding the design of the buildings necessary for its operation?
Simple buildings without special finishing 2.38 2.33 1.47 6108 0.047

* p value < 0.05 statistically significant differences.

There is only one question related to educational level segmentation where statisti-
cally significant differences exist (Table 9). The group that did not go to university is more
in agreement with limitations to photovoltaic panels’ surface occupation (4.00) than the
group that went to university (3.71).

Table 9. Educational level segmentation results.

Opinion on the Installations of Photovoltaic Panels in Alicante PDO

Educational level ~Non-University = University

Quantitative variables (Likert scale 1 to 5) Medium Medium u Mann— p-value *
Whitney
If the implementation of photovoltaic panel installations were allowed by the competent authority in the wine-
growing territory of Alicante PDO, what limitations would it place on their installation?
To the surface occupied by photovoltaic panels 4.00 3.71 315 0.006

* p value < 0.05 statistically significant differences.

Lastly, it can be observed in Table 10 that the group related to the wine sector values
the landscape quality of the vineyards and the rural architecture of the area more than
those who have no relationship with the wine sector (4.03 vs. 3.5 and 4.51 vs. 4.02).

Table 10. Relationship with the wine sector segmentation results.

Assessment of the Wine-Growing Territory of the Alicante PDO

Relationship with the wine sector Yes No
U Mann-—
Quantitative variables (Likert scale 1to 5) Medium  Medium 'ann p-value *
Whitney
Rate the landscape quality that the wine landscape deserves 4.03 3.56 1330 0.005

Opinion regarding the design of photovoltaic panel installations in Alicante PDO
If installations of photovoltaic panels were allowed by the competent authority in the Alicante PDQO,
What would you prefer regarding the design of the buildings necessary for your operation?

Buildings appropriate to the rural architecture of the area 4.51 4.02 1443 0.021
* p value < 0.05 statistically significant differences.

3.4. Factorial Analysis to Identify the Main Components of the Survey

In order to confirm that this multivariable analysis methodology is suitable for the
ongoing investigation, first of all the data structure needs to be tested for factorial analysis
adequacy by Bartlett’s test of sphericity and the Kaiser-Meyer—Olkin (KMO) measure of
sampling adequacy. With a KMO index value over 0.70 and Bartlett’s below 0.001 (Table
11), factorial analysis is feasible [53].
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Table 11. KMO and Bartlett test results.
Kaiser-Meyer-Olkin Measure of sampling adequacy 0.
Approx. Chi-square 410.393
Bartlett’s Test of Sphericity gl 120
Sig. <0.001

Factorial analysis run identifies five components or factors that explain the 65.31% of
the variance (Table 12).

Table 12. Total explained variance.

Factors Initial Self-Values Extraction Sum Squared Charges| Rotation Sum Squared Charges
Total % Variance % Accum. | Total % Variance | % Accum. | Total % Variance % Accum.

1 4.301 26.880 26.880 4.301 26.880 26.880 3.388 21.172 21.172

2 1.890 11.813 38.693 1.890 11.813 38.693 1.817 11.355 32.527

3 1.606 10.038 48.731 1.606 10.038 48.731 1.771 11.070 43.597

4 1.566 9.786 58.517 1.566 9.786 58.517 1.753 10.958 54.555

5 1.088 6.797 65.314 1.088 6.797 65.314 1.721 10.759 65.314

Factor 1 holds the maximum variance and doubles the others as shown in sedimen-
tation graph (Figure 19). The rest of the components explain lower proportions of the var-
iance and have no correlations among them.

Eigenvalues

3 4 5 6 7 8 9 10

Number of components

m 12 13 14 15 186

Figure 19. Sedimentation graph.

Table 13 shows factorial analysis results among interdependent variables. Higher sat-
uration values per variable are highlighted in different colors in the rotated component

matrix.

Table 13. Rotated component matrix.

Component
1 2 3 4 5

3.2.6. Limitations to constructions style
3.2.2. Limitations to solar panels distribution
3.2.3. Limitations to perimeter fencing

3.2.1. Limitations to occupation surface

0.817 -0.104 0.150 0.097 0.115
0.802 -0.154 0.180 0.003 0.012
0.773 -0.058 0.038 -0.056 0.166
0.696 0.057 0.083 0.147 0.067
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3.2.4. Limitations to visual protection with trees and/or shrubs 0.637 -0.078 —-0.229 0.155 0.349
3.2.5. Limitations to earth movement works 0.623 0.043 0.050 0.261 —0.039
3.6.1. Allow earth movement works 0.027 0.761 0.093 0.029 0.159
3.4.1. Simple twist metal fencing -0.046 0.730 0.005 -0.202 -0.060
1.1. PDO wine landscape quality value 0.176 —-0.073 0.852 -0.036 0.097
1.2. PDO Cultural Heritage landscape quality value 0.079 0.031 0.849 0.100 0.071
4.4.6. Local grove planting protection 0.140 -0.117 0.153 0.900 0.031
4.4.5. Grove planting protection 0.222 0.076 -0.106 0.781 0.291
4.4.3. Wood or cane fencing 0.212 0.156 0.119 0.064 0.767
4.6.2. Constructions according to rural area architecture 0.139 —-0.029 -0.028 0.360 0.697

According to the saturation values, Table 14 identifies the components or factors that
underlay and briefly explain the survey. Component or Factor 1, the main one, epitomizes
the most saturated questions related to limitations to photovoltaic installations, which are
limitations to construction style, to solar panel distribution, to perimeter fencing, to sur-
face occupation, to visual protection materials, and to earth movement works. Factor 2,
with only two questions represented, clusters in accordance with the photovoltaic instal-
lations, entailing earth movement and simple twist metal fencing admissibleness. Factor
3 represents the PDO landscape quality, involving the two questions related to PDO land-
scape valuation. Factor 4 clusters preferences for the natural visual protection of the facil-
ity, focusing on grove planting and local grove planting. And lastly, Factor 5 signifies rural
style, pooling predilections for natural wood or cane fencing and rural style for construc-
tions.

Table 14. Factors identification.

Factor 1 Limitation to photovoltaic installations
Factor 2 Accordance to photovoltaic installations
Factor 3 PDO Landscape quality

Factor 4 Natural fencing

Factor 5 Rural style

4. Discussion

Energy is the aspect that mainly contributes to climatic change, constituting 60% of
total world greenhouse gas emissions [54].

Renewable energy generation is a worldwide priority scheduled in 2023 agendas.
Objective 7, which aims to guarantee an affordable, safe, modern and sustainable energy
access to citizens, is tightly linked to Objective 13, which urges pressing adoption
measures to fight climate change and its effects. Both goals have important repercussions
on other areas to boost prosperity. Several studies reveal positive and noteworthy effects
on economic growth level of renewable energy sources [55].

World population growth tendency keeps increasing, as does the Spanish population
with a 1.12% annual increase [56]. As a matter of fact, energy consumption demand is
continuously growing, and so dependence on imported fossil fuels and its consumption
increase, which negatively affects the environment and global warming process. In this
situation, renewable energy production, such as solar, raises a realistic possibility to re-
duce dependence on fossil fuels [57] and to commit to the sustainable development goals.

Spain keeps fighting to untie economy growth from CO: emissions. Solar energy ben-
efits may bring an important reduction implementation, and therefore economic improve-
ments, such as external dependence, balance of payments and, therefore, business and
employment establishment.

In this line, Alicante province avoided 83,500 tons of CO2 in 2022 by turning to solar
energy [58]. And within this context “agrivoltaic” systems run as alternatives for solar
energy production on agricultural land with the best mutual utilization.
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This approach is confirmed by the achieved results of this research, as the combina-
tion of vineyard cultivation with renewable energy generation through photovoltaic pan-
els is the most socially accepted model. Nevertheless, the selected option has the following
limitations, validated as main factor in the factorial analysis: a maximum occupation area
of 50 hectares, maintaining the natural orography of the land and adapting the installation
of the solar panels to the profile of the land; which follows a dispersed design with the
presence of environmental corridors formed by vineyards, whose architectural elements
are integrated as much as possible into the environment, including underground energy
evacuation lines, rural-style auxiliary buildings, and a perimeter protection consisting of
groves of the native species of the area, aiming to reduce the consequent visual impact. In
this regard, the Paulownia Forest species may be subject to further analysis, due its many
beneficial uses such as quality timber, enriched animal food, biomass, CO2 sinks, soil im-
provement, and slope retention with low irrigation and fertilization requirements [59].

In line with this model, technological initiatives have started to appear in Spain. Ini-
tiatives that allow the symbiotic coexistence of vineyards and solar panels, and that may
play a positive role in the climatic peculiarities that affect the Alicante PDO vineyards,
where the heat and lack of humidity lead to very quick ripening and depletion of the
grapes, juice acidity reduction, and sugar level increase. Resulting in wines with higher
alcohol content and less excellence and harmony, so early harvest is compulsory for opti-
mal quality preservation. As a matter of fact, intelligent shading “agrivoltaic techniques”
that may regulate sun incidence and the temperature on the vines would show relevance
to achieving a progressive ripening of the grapes in the Alicante PDO in order to ensure
the acidity and aromas of the wine, while generating renewable energy in the same land.

Although “agrivoltaic” systems have already been tested and developed in many
countries over different crops, including grapes, with successful results so far even in In-
dia, where grape values have multiplied over 15 times to conventional grape production,
while maintaining land use and enabling village electrification in rural areas [60]. There
are only a few pilot experiences that are currently being tested in several Spanish regions.
Such is the case of PowerfulTree, which is implementing its technology in 500 m? of vine-
yards at Bodega San Gabriel in Ribera de Duero. Or the case of Iberdrola, where one of
the biggest producers, distributor, and marketer companies in Spain, Winsolar, has
launched its own photovoltaic project in the vineyards of Gonzalez Byass and Grupo Em-
perador located in Guadamur (Toledo) [61]. These technological systems use sensors lo-
cated in the vineyards to collect phenological and climatic parameters, such as solar radi-
ation, soil moisture, or wind conditions [62]. In this way, the most exhaustive possible
monitoring of the plant is pursued, aiming to improve the quality of the grapes and the
use of the land, reducing irrigation water consumption and developing vineyards heat
resistance.

Obviously, these initiatives are not exempt from controversy and disagreements. On
one hand, there are supporters of using these techniques in less productive areas, or areas
of low agricultural interest with unfavorable soil and climatic conditions, not seeming ap-
propriate for the case of great agricultural value crops, such as vineyards. On the other
hand, there are more conciliatory people with future vision, which would decidedly turn
to “agrivoltaism”, preventing vines from being uprooted and favoring solar panel shad-
ing vine cultivation to satisfy crop needs [63] while producing green energy in the same
plot, and so improving agricultural producers’ competitiveness. Studies confirm the ben-
eficial interaction between agricultural and solar energy productions in the same area in
terms of land-use efficiency, water use efficiency and photovoltaic panel efficiency [64].
Moreover, social investigations carried on with livestock and crop farmers, solar grazers
and policy experts indicate, on one hand, the recognition of the potential benefits of “agri-
voltaic” systems, and, on the other hand, affordability of the identified barriers by wise
planning and mutually profitable land agreements [65].

According to this research, the social resolution to the existing dilemma related to
PDO Alicante seems to trim towards a limited “agrivoltaism”, a combination of land use
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in vineyards subjected to limitations. That is the key component of the survey revealed by
the factorial analysis.

5. Conclusions

To summarize the main findings of the survey, there is a broad consensus that quality
of the wine-growing landscape and its associated cultural heritage in the territory of the
Alicante PDO is greater than that of the photovoltaic panel plants. And so, a group of
respondents (1/3 of the sample) is opposed to the implementation of any type of photo-
voltaic panel installations.

Despite this, the importance of solar energy generation for the environment is highly
considered, and so 2/3 of the sample would allow photovoltaic panel plant installations
in combination with vineyards in the same plot, and so accept “agrivoltaic” systems, but
subject them to limitations on their use and design to maintain the wine-growing land-
scape as much as possible.

Segmentation analysis confirms that roles related to the wine sector value the vine-
yard landscape quality and the rural architecture of the area more, while the youngsters
are concluded to be less interested in landscape aspects and respect for private property.
Moreover, those surveyed who did not go to university are the most concerned about
limitations to the photovoltaic panels surface occupation, with males preferring more re-
striction than females.

Limitations on photovoltaic installation are the main component of the research val-
idated by factorial analysis. In the event that the implementation of photovoltaic panel
installations is allowed by the competent authority, they should commit to the following
design characteristics: occupy a maximum area of 50 ha, dispersed panel distribution with
the vineyard or environmental corridors among them, undergrounded evacuation power
lines, natural perimeter fences using native species groves, adaptation to the terrain pro-
file as much as possible, and rural-style adapted operational buildings.

5.1. Policy Recommendation

In this backdrop of increasing sustainable dilemmas, in terms of policy recommen-
dation, the results of this survey should make the competent administrations intend to
reflect these requests for and when authorizing the installation of photovoltaic solar en-
ergy plants in territories covered by a wine PDOs and integrate policies to promote and
favor “agrivoltaic” systems. Enhancing “agrivoltaism” would comply with the general
demand of the population and would also support agricultural producers being competi-
tive with their colleagues throughout Europe and the World.

5.2. Limitations and Future Directions and Limitations

As explained in the results section, the present research uses a quite limited sample
in terms of participation and educational-level bias, due to the selected techniques to max-
imize time—cost conditions. Nevertheless, it constitutes a primary approach to a popula-
tion view to identify the most socially accepted sustainable solar energy generation model
for further investigations.

Furthermore, no economic information has been included to be valued, since the au-
thors consider the cost-benefit analysis techniques to not be known by the general popu-
lation. Therefore, a future direction of research would be carrying out a cost-benefit anal-
ysis of the different proposals to be evaluated by a group of experts using Delphi analysis
methodology.
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