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Abstract. The approach to strategic landscape design faces today two challenges: a) the
reduction of biodiversity loss b) the mitigation of the negative impact that anthropic activities
have on ecosystems. As these are subject to a continuous transformation process, it is es-
sential that the design methodology considers its underlying properties. Hence, arises the
need of a profound paradigm shift: integrate better the human landscape into the natural one.
To achieve this goal, it is necessary to understand first landscape dynamics as well as the
mechanisms that facilitate its resilience and functionality in ecological terms. This is possible
thanks to the strategic framework of the Ecological Infrastructure. The landscape proposal
must evaluate then the sequence of actions to be carried out, the measures necessary for
the improvement of the recognised systems, and its possible evolution over time. Then, ac-
cording to the Sustainable Development Goals (SDGs), agreed by the EU 2030 biodiversity
strategies, the proposal must demonstrate: How biodiversity will improve and how it will be
preserved - How ecological processes linked to biodiversity will be upgraded - How cultural
and social processes linked to the site will be enhanced - How agricultural and energy pro-
duction will increase land efficiency - How disturbances will be modulated and controlled.
This methodology carried out in Spain aims to demonstrate that the implementation of agri-
voltaic fields create an optimal synergy to ensure food security and mitigate the effects of
climate change, but also provide the chance to make the landscape more sustainable, effi-
cient, and beautiful.

Keywords: Agrivoltaic, Ecologic Infrastructure, Ecosystem Services, Landscape Design,
Sustainable Landscape

First section

Method carried out

The design of agrivoltaic parks raises several issues: its difficult implementation into the terri-
tory, its dimensioning in relation to the surrounding landscape, the balance between the natu-
ral and artificial landscape, the intensive exploitation of natural resources, the coexistence
with the agricultural activity, the change of sociocultural paradigm, the adequacy of existing
energy infrastructures, the coexistence with heritage elements, among others. All these is-
sues can be addressed through a transdisciplinary methodology that approaches landscape
design as a proactive and effective tool. The main challenge of this methodology is then en-
sured sufficient consistency and strength of the proposal, as well as data, throughout the
entire work process thanks to its articulation in 3 steps:
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o First step: Analysis and Diagnosis. Describes the different interactions between the com-
ponents of the agrivoltaic park and the landscape systems; this provides a better understand-
ing of which systems are most relevant to the balance of landscape’s structure and state.

e Second step: Evaluation and Modelling. Helps to assess potential negative impacts and
their progressive mitigation through modelling of alternative scenarios.

o Third step: Strategic Design. Defines the technical and design criteria for integrating agri-
voltaic parks ensuring a better ecological and landscape functionality and efficiency.

These steps relate to all stages of agrivoltaic landscape design and are a prerequisite for the
validity and appropriateness of the proposal.

Second section

Case study

For a better understanding of the methodology, being applied in other projects endorsed by
large energy companies as well as by the technical departments of the catalan government,
is taken as a reference the work carried out in Castellfollit del Boix (41°39'28.2 "N 1°39'54.1
"E), in Catalonia (Spain).

The project foresees the implementation of an agrivoltaic field with an energy produc-
tion of 44 MWp. To achieve the most suitable integration of the photovoltaic sectors on site,
the analysis covers an area of more than 300 ha, much wider than that required for its im-
plementation. This helped to adapt and progressively reduce the surface of the photovoltaic
sectors and its impact on landscape.

Ecosystem services - supporting, provisioning, regulating and cultural - served as a
guide, on a large scale, for the configuration of the ecological infrastructure, and on a smaller
scale, for the definition of environmental and landscape integration criteria as well as tech-
nical design, balancing the actions on site.

First step: Analysis and diagnosis.

This analysis allows the recognition of the most significant landscape components based on
their ecological properties: composition, structure, boundaries, complexity, and stability.

Topography and Soil
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Figure 1. Functional slopes — Erosion risk — Geology and its aesthetic value
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Figure 2. Type of soil —Agrological classification

o "Functional Slopes" Map. In white colour are represented the areas with a maximum
slope of 14%; the photovoltaic structure can be installed on these surfaces, reducing earth-
works and the impact on the ground to a minimum. In the red zones, with a slope greater
than 15%, by contrast, a negative impact on soil composition and structure would be gener-
ated. Therefore, in the second step of evaluation and modelling of alternative scenarios, the
occupation of these zones is minimized.

e “Erosion Risk” Map. The risk of soil erosion is low in most of the study area, although in
the watercourses it is highr duerd@cthidvaccelerationsefidtve cnstenfloadingeadilnis information is
useful to define the necessary measures to restore and enhance soil complexity and stability.

e “Geology and its aesthetic value” . This map describes different landscape qualities of the
geological system [1] (geotopes and geozones): In the southern fringe where marked linear
shapes generate a visual horizon characteristic of this landscape - Occasionally on paths
and stream banks, where surface outcrops stand out as elements of interest - On the borders
of some fields, where rock mounds reveal the local practice of land levelling in agricultural
areas.

To maintain these physical and aesthetic qualities and optimize the management of this nat-
ural resource in situ, already in this preliminary step, the project foresees: The preservation
of singular rock formations and the creation of equipped paths to enhance its cultural value -
The use of the stones that may appear during the excavation works in the execution phase,
for the new drainage system

o “Type of soil” Map. This analysis is useful to know soil’'s permeability directly related to the
other significant landscape components.

o “Agrological Classification” Map. In most of the area, the agrologic quality levels are medi-
um except for specific areas where they are medium-high. This map is useful to know soils
limitations and its general vocation.

The analysis of topography and soil is directly related with the ecosystem services of
regulation and maintenance of physical conditions. CICES V5.1 [2]: [ 2.1.2.3 - 2.2.1.1 —
221.2-2241-224.2-3.1.24]
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Figure 3. Water structure - Risk of flooding

Habitats

STRUCTURE ECOLOGIACL CONNECTIVITY PROTECTED AREAS AND HIC

Figure 4. Habitats structure - Ecological connectivity - Protected areas and Habitat of Com-
munity Interest (HICs)

o  “Water Structure” Map. The hydrological system has been particularly disrupted by agri-
cultural activity. In the case of the streams that cross the zones identified in the Territorial
Plan of the Central Regions [3] (PTCC) as areas of special protection, in the later steps are
proposed a series of actions aimed at recovering their ecological functionality, also associat-
ed with Habitats of Community Interest.

e “Risk of Flooding” Map. To favour the evacuation of water flows and avoid the possible
risk of flooding, the photovoltaic sectors do not occupy the 100-meter-wide buffer strips; in
these areas, the proposal defines actions focused on soil stabilization, water infiltration and
runoff erosion reduction.

o “Habitats Structure and Ecological Connectivity” Maps. The photovoltaic sectors are most-
ly located on agricultural land, but in the north and south, the presence of ecological con-
nectors, especially habitats of natural interest, requires special care. Thus, is reduced the
occupation of these habitats, and, at the same time, nearby areas have been identified to
counteract its disruption, reinforcing ecological connectivity on a large scale.

e “Protected Areas and Habitats of Community Interest” Map. The Annex | of Directive
97/62/EC [4] distinguishes two types of HIC: priority and non-priority. They are not protected
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natural habitats, but catalogued habitats whose conservation must be guaranteed. These are
habitats that are either threatened with extinction in their natural range in the European Un-
ion or have a reduced area of distribution due to their regression.

All the HICs listed on the map are of non-priority interest, except for the Mediterrane-
an meadows rich in annuals and the Iberian gypsiferous vegetation, which are of priority
conservation interest. This map helps to assess the impact that the different photovoltaic
sectors may generate with respect to these. As a general criterion in the development of the
PV proposal, the distribution of panels, access roads and service areas are designed to af-
fect as little as possible the HIC areas; in addition, wherever possible, a buffer zone of varia-
ble width has been provided around the PV sectors, in order to control the disturbances
caused by several activities (energy and agricultural production, cultural/educational activities
along the routes of interest, etc.) planned in the surrounding landscape. The analysis of wa-
ter and habitats is directly related with the ecosystem services of regulation and maintenance
of physical conditions. CICES V5.1 [2]: [2.2.2.1 -2.2.2.2 -2.2.2.3]

Agricultural Landscape

AGRICULTURAL PATTERN AND CROP TYPES AGROLOGICAL VALUE PATHS NETWORK

Forage Cereals Class 2 Class 3 Class 4 Class 5 Forestry

Figure 5. Agricultural pattern and crop types — Agrological value — Paths network

o “Agricultural Pattern and Crop Types” Map. Characterized by the presence of cereal
crops, integrated with small, wooded areas and natural stone outcrops, agricultural activity
has shaped over time this landscape in which topographic changes are evident in some are-
as. This map describes agricultural landscape productivity and pattern, as well as its rela-
tionship with the local economy.

According to the Department of Agriculture Report 2020 and subsequent decree laws
[5]: the maximum PV occupation allowed on agricultural land with rainfed crops is the 10% of
the municipal agricultural area. The proposal has therefore been adapted to this specific re-
quirement as shown in the table below:

Table 1. Agricultural land occupation allowed

OCCUPATION OF AGRICULTURAL LAND
Surface ha Percentage
Agricultural land in municipal areas 947 100%
Agricultural land in analysed area 136 14%
Agricultural land in PV sectors 68 7%

According to the agrologic initially defined by the Soil Conservation Service of the United
States Department of Agriculture, and then adapted to Catalan conditions by the Ministry of
Agriculture, Fisheries and Food, and by DARP:
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- PV plants cannot be implemented on soils of agrological class | and Il

- Photovoltaic plants will be allowed on soils of agrological class Ill and IV, when there are
no other alternatives and provided that an in-depth study has been carried out to prove it and
limiting the surface area.

- In soils of agrological class V, VI, VIl and VI, photovoltaic plants are admissible without
limitations.

e “Agrological Value” Map. In accordance with these requirements, the map describes soil
fertility according to agrological classes [6].

Hence, the project proposes:

- On soils of agrological class Il: agrivoltaic production. It is planned to implement the local
species, the Mongeta del Ganxet (Phaseolus vulgaris, a variety of bean catalogued by the
Red de Productos de la Tierra program and included in the Catalogue of local varieties of
agrarian interest of Catalonia [8]), to curb the loss of genetic diversity.

- On soils of agrological class Ill - IV — VI, the production of two complementary crops for
the restoration and agricultural improvement of the soil: 1. The sowing of native seed mix-
ture that provides flowering for a large part of the year for pollinators, linked to an existing
local beekeeping activity in the environment. 2.The implementation of low height forage
sowing for sheep feeding, linked to the local grazing activity.

Table 2. PVSP Occupancy in agrological class soils

OCCUPANCY OF AGROLOGICAL CLASSES (ha)
Surface ha
Surface Agrological class Il 7,82
Surface Agrological class lll 19
Surface Agrological class IV 37,01
Surface Agrological class VI 11,33
TOTAL SURFACE 75,16

The specific design of productive areas is still in process. It is worth mentioning among the
two proposal, agrivoltaic design is relatively complex: first, it is necessary to combine the PV
infrastructure with the type of crop to optimize land use. Their composition must be designed
to meet desired yield and quality objectives. Parameters such as LER (Land Equivalent Ra-
tio), help to test how polyculture can increase land yield compared to single use. Shade area,
angle of inclination and orientation of panels, technology used, size of PV structure, etc.
should be considered to achieve maximum energy and agricultural efficiency in terms of pro-
duction and maintenance. Anyway, the benefits associated with the proposal: 1. Increased
social acceptance. 2. Improved ecological functionality. 3.Regeneration of agricultural land.
4.Increased biodiversity. 5.Creation of habitat and food for pollinators. 6. Promoting the con-
servation of agricultural activities, which are at risk due to the adverse effects of climate
change. 7.Increased efficiency and innovation of the local and circular economy.

o “Paths Network” Map. The agricultural landscape forms a mosaic of relatively small pieces
associated with farmhouses of heritage value. As it is bordered to the north by forested areas
that accompany the undulating relief, and to the south by several streams that together with
the topographic depression represent its natural boundary, the paths network is analysed to
preserve their continuity and functionality.

The analysis of agricultural landscape is directly related with the ecosystem services of pro-
visioning and preservation of cultural landscape: CICES V5.1 [2]: [ 1.1.1.1 — 3.1.2.3]
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Cultural Landscape
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Figure 6. Heritage features - Mobility network- Horizons and areas of higher visual exposure

e “Cultural Landscape” Maps. The archaeological, architectonic, and agricultural features,
as well as the mobility network and visual horizons, are considered integral part of landscape
proposal.

For the heritage elements - both natural (tree patches or monumental specimens) -
and patrimonial (architectural and archaeological) - which are currently quite degraded and
abandoned, a series of actions are planned for their improvement and enhancement, giving
way to future municipal actions aimed at the revitalisation of the local landscape. The analy-
sis of the paths of interest, is useful to ensure its continuity making possible a better accessi-
bility to the areas of interest (farmhouses, archaeological sites, etc.) that will participate in the
process of dynamization that the proposal intends to activate. Along these paths, is mapped
landscape perception, to identify the most beautiful horizons, geological formations of inter-
est to preserve, as well as the most exposed photovoltaic sectors where it will be necessary
to reduce the visual impact.

The analysis of agricultural landscape is directly related with the ecosystem services
of preservation of cultural landscape: CICES V5. 1[2]:[3.1.1.1-3.1.1.2-31.21-3.1.2.2 -
3.1.23-3.1.24-3.2.1.1-3.2.1.3]

Second step. Evaluation and Modelling

The diagnosis output is relevant for the modelling of alternative scenarios to reduce impacts
of agrivoltaic parks and finally conceive the most suitable proposal.

For each scenario, thanks to the GIS (Geographic Information System) - a software
that allows to create interactive queries, analyze, and represent in an efficient way any kind
of referenced geographic information associated to a territory, connecting maps with data-
bases — have been designed specific maps showing the areas of soil, HIC, etc., affected by
the implementation of the photovoltaic sectors. The potential negative impact, called “friction
area’, is represented and measured on a spatial map, and helps to progressively reduce the
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areas or points of impact and ensure a better ecological functionality (connectivity and biodi-
versity) and landscape integration and efficiency.

For each scenario the “friction areas map” shows the impacts on: Soil: a. Ground (ex-
cavations and movements) b. Areas of geological interest (direct impact) - Water: a. Water
bodies (discontinuity) — Habitats: a. Habitats of Community Interest (HICs) (fragmentation) -
Agricultural land: a. Crops types (diversity) - b. Agricultural pattern (structure) c. Path network
(discontinuity) - Heritage elements: a. Archaeological areas (direct impact) - Horizons and
areas of higher visual exposure: a. From urbanizations and routes of interest (visual impact).

The maps show that among the different systems analyzed, habitats and soil are the
most affected. Therefore, once the friction areas map for each scenario has been modeled,
the scenario with the least impact on habitats is chosen as the best, although its impact sur-
face on soil is slightly higher than that of Alternative 2.

ALTERNATIVE 1 ALTERNATIVE 2 BEST SCENARIO

Friction areas on ground Friction areas on habitats

Figure 7. Impacts comparative study

Table 3. Comparative study of the impact areas of three scenarios

COMPARATIVE STUDY Scenario A1 Scenario A2 Best Scenario

AGRIVOLTAIC SECTORS 92,65 ha 90,19 ha 75,16 ha
PANELS COVERAGE 53,10 ha 5271ha : 51,76 ha
GROUND FRICTION AREAS 7,32 ha 5,09 ha 5,40 ha
HIC FRICTION AREAS 5,85 ha 470ha i 3,62 ha

Hence, the exhaustive analysis of all the significant components allows to configure a final
proposal, considered to be the most suitable.
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Figure 8. Strips for the ecological enhancement and landscape integration

For the best scenario, are designed the strips for the ecological enhancement and landscape
integration; these aim to create a buffer, of variable width, to regulate and mitigate disturb-
ance and impacts on Habitats of Community Interest, on hydrological system, on areas of
cultural interest - both natural (wooded areas or monumental trees) as well as architectural or
archaeological; the fringes are designed also to preserve the horizons of aesthetic interest.

Strips for the enhancement of ecological connectivity. Over a surface of 33,00 ha, the
green color represents the areas where it will be necessary to improve the ecological pro-
cesses and environmental functionality. Based on the forecasts of the Territorial Plan [3],
these strategic zones have been mapped to enhance ecological connectivity along three ax-
es where the habitats are currently very fragmented.

Strips for landscape integration related with visual perception. Over a surface of 4,27
ha, the light green color represents the zones where managing earthworks and/or planting
vegetation, it will be possible to ensure maximum visual integration of the PV sectors and its
elements.

Strips for the preservation of cultural landscape. Over a surface of 1,09 ha, the red
color represents the areas that will be transformed to promote the cultural landscape & inno-
vation according to the following activities: a) eco-didactic — b) science-didactic — c) cultural-
didactic — d) social gathering. The design of equipped pedestrian paths will also make possi-
ble a better accessibility to the different areas (farmhouses, archaeological sites, etc.) that
will participate in this process of revitalization that the proposal intends to activate, making
the local community aware of their value and benefit.

Some of the design criteria adopted to accomplish these goals are: Soil: a) use and
management of ground and rocks on site- b) preservation of areas of geological interest -
Water: a) Preservation of water system — b) regulation of water infiltration and storage — Hab-
itats: a) Buffer zones to preserve HICs — b) structural composition of vegetation — Agricultural
Production: a) production of a specie of local interest within photovoltaic sectors — b) agri-
voltaic sectors integration on site — ¢) continuity and accessibility of agricultural paths - Per-
ception: a) strips for visual integration — Culture & Innovation. Areas for the implementation of
a) eco-didactic areas — b) science-didactic areas — ¢) culture-didactic areas — d) social
gathering areas. Coherently, within the strips for the ecological enhancement and landscape
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integration, the design criteria are then developed to improve the ecosystem services previ-
ously identified according to the CICES V5.1 [2]: regulation and maintenance of physical
conditions: [2.1.2.3 - 2211 - 2212 — 2213 - 2221 - 2222 - 2223 - 2241 -
2.2.4.2.] Provisioning and preservation of cultural landscape: [1.1.1.1.] preservation of cul-
tural landscape: [3.1.1.1-3.1.1.2-3.1.21-3.1.22-3.1.23-3.1.24-3.2.1.1 -3.2.1.3]

Third section

Conclusion

The main advantage of this methodology is the recognition and comprehension of
landscape components and its ecological properties. With this approach the agrivoltaic parks
become an ecological infrastructure strategically designed as a tool for didactic and scientific
promotion and for the improvement of local culture. The production of clean energy that have
a relevant role in the ecological transition is therefore the chance to promote a more sustain-
able and efficient landscape and economic development model, as recommended by the EU
2030 biodiversity strategies.

As the urgent challenges to be addressed today are to reduce biodiversity loss and
mitigate the negative impact of human activities on the landscape, the methodology focuses
on an integral transformation strategy that goes beyond the specific design of agrivoltaic
fields. In line with the current Sustainable Development Goals (SDGs), the recognition of
environmental and landscape dynamics and values is of paramount importance in defining
the transformation actions of the proposal, which is based on the simultaneous consideration
of three relevant aspects (green infrastructure, Ecosystem Services, and les Nature based
solution (NBS)).

The green infrastructure concept introduces objectives aimed at: Improve biodiversity
and strengthen connectivity between natural areas, thereby increasing large-scale wildlife
mobility - Promote a better quality of life and well-being in the landscape where people live
and work - Recognize and enhance elements of cultural interest - Counteract the effects of
climate change (flooding, soil erosion, etc.) by improving water management, soil manage-
ment, reducing CO2 emissions etc.

Ecosystem services provide solid guidance for defining and planning actions and de-
sign criteria, allowing quantitative and qualitative evidence of the contribution of each to
landscape improvement. A wide range of ecosystem services are analysed in the proposal, a
potential trend toward increased environmental quality and greater opportunities for social,
cultural, and economic development.

At a more detailed scale, design according to Nature Based Solutions, is key to re-
storing, regulating, and maintaining ecosystem functionality and efficiency. In conclusion, the
main advantage of this methodology is that it demonstrates how, by managing the complexity
of landscape and the interactions and needs of the different components analysed, ecosys-
tem services can be sustained.

Introducing ecosystem services into the development model is not an additional cost
but a benefit, as it increases the income related to the ecological and social benefits that can
be developed. This is an important aspect of stimulating the interest of private companies to
implement sustainable solutions, creating shared value in the landscape. This ecological de-
velopment model, which can enhance both private and public benefits, requires a multidisci-
plinary approach to share knowledge among different stakeholders and fill information gaps
typical of a sectoral perspective, creating a holistic view of the professional skills and experi-
ences involved.
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