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Abstract: The German government aims to convert its energy system to renewable energy by 2045.
This requires a comprehensive understanding of land eligibility for renewables, particularly land-
intensive ground-mounted photovoltaics (GM-PV). Federal states must set aside at least 2% of their
land for renewable energy. This target value was derived using a top-down energy demand approach.
Georeferenced land use data can be used to make bottom-up estimates. This study investigates
how the choice of data source influences the bottom-up evaluation of land eligibility for GM-PV
installations in Germany. This study evaluates the quality of data sources and their applicability for
GM-PV scenario assessment by comparing the official data source Basis-DLM as the reference with
the open-access data sources OpenStreetMap (OSM), Corine Land Cover (CLC), and Copernicus
Emergency Management Service (CEMS). The intersection over union (IoU) and Matthews correlation
coefficient (MCC) methods were used to analyse the differences in land use and eligibility due to the
quality of the data sources and to compare their accuracy. The study’s results show the crucial role of
data source selection in estimating the potential for GM-PV in Germany. The results indicate that
open-access data overestimate land eligibility by 4.0% to 4.5% compared to the official Basis-DLM
data. Spatial similarities and discrepancies between the OSM, CEMS CLC, and Basis-DLM land uses
were identified. The CLC data exhibit higher consistency with Basis-DLM. These findings emphasise
the importance of selecting the appropriate data source depending on the purpose and the use of
official data sources for accurate and spatially differentiated decision-making and project planning at
different scales. Open-access data sources can be applied for initial orientation and large-scale rough
assessment as they balance data accuracy and accessibility.

Keywords: ground-mounted photovoltaics; land use; land eligibility; open-access data; renewable
energy; data source; Germany

1. Introduction

The German government aims to achieve climate neutrality by 2045, with a key focus
on transitioning to renewable energies [1]. In order to achieve its climate targets, the
government has set specific targets for the consumption of renewable energies. The goal
is to increase the share of renewable energies in gross electricity consumption from 46% in
2022 to 80% by 2030 [2,3]. Ground-mounted photovoltaics (GM-PV) are a crucial element
in Germany’s renewable energy strategy but face several challenges, including the need
for significant land due to the lower energy density of solar energy. This transition
will require relatively a significant amount of land. Based on scenario assessments,
the German government assumes that 2% of the national area is needed to achieve the
political goals of renewable energy. The states must set aside land for renewable energy,
with each federal state having its specific area target [4]. The implementation of GM-
PV is influenced by various land use considerations and stakeholder acceptance. It is
subject to socio-technical, environmental, and economic constraints and is influenced by
competition for land use and public acceptance. The potential for GM-PV varies greatly
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between the different studies. Depending on the assumptions made, the results of the
studies on the GM-PV potential in Germany significantly differ, e.g., between 220 GW
and 520 GW [5–9]. It is difficult to compare the studies and understand the differences
because the assumptions and data sources are not always the same or disclosed. The
choice of data sources plays a decisive role in the accuracy of the assessment of the
GM-PV potential. Most scenarios are built on the demand of the energy transformation,
but a few analyse spatial land use scenarios with restriction and suitability criteria [10].
The comparability of studies regarding data sources is largely unknown, even though
the data source influences the results of scenario assessment [11]. The importance of
data sources in renewable energy assessments has been highlighted in previous research.
This finding is supported by Risch, Maier [3], showing the suitability of different land
use data and their impact on the assessments and indicating that the results of renewable
energy potential studies are inconsistent due to different assumptions, methods, and
data sources. Risch, Maier [3] analysed the impact of data sources for wind energy
scenarios but not for GM-PV scenarios, which they assessed using the same data they
found best for analysing wind energy. Ryberg, Robinius [12] also found inconsistencies
in assumptions and data, which impairs a uniform land eligibility assessment for GM-PV
and makes it difficult to derive robust recommendations for decision-makers. Ryberg,
Caglayan [13] highlight the study from McKenna, Pfenninger [11] as best practice in
this context.

McKenna, Pfenninger [11] and Masurowski, Drechsler [14] indicate that, in particu-
lar, the land use category settlements (residential and commercial areas) differ among
data sources and highly influence the renewable energy potential analysis in Germany.
They conclude that the eligible area for GM-PV can be overestimated as not all residential
and commercial areas are adequately represented in open-access data sources. The error
multiplies in substantial orders of magnitude if buffer zones around a settlement are
applied in the scenarios. Data resolution varies across different sources, leading to either
underestimation or overestimation of areas. This depends on whether a pixel in coarse
resolution datasets is assigned to a specific land use category or represents a different
land use type.The study of McKenna, Pfenninger [11] on the impact of data sources with
varying periods and spatial resolutions on assessing the German onshore wind potential
shows that the impact of data sources is significant but has not been evaluated to date.
The scenarios on GM-PV potential, e.g., from Luderer, Günther [15], are developed in
accordance with German legislation, in particular, the Renewable Energy Act (EEG),
considering specific areas, e.g., side strips of motorways and railways, to be eligible and
poor soil quality to be superior for GM-PV [10,16]. The results of the studies are not the
same due to different land use data sources applied and restrictions and defined suitabil-
ity criteria. Some federal states, e.g., North Rhine-Westphalia and Baden-Württemberg,
provide the official data source Basis-DLM to assess the GM-PV potential at regional
and local scale [17,18].

This study aims to evaluate the impact of different data sources on the assessment
of the GM-PV potential in Germany. Given these insights, this research assesses the
magnitude of inconsistency when using open-access data, which allows all users to
access important information, instead of official data which are difficult to access and
must be paid for, and identifies the accuracy of open-access data sources for spatial
georeferenced GM-PV scenario assessment based on land use data. The study aims to
explain how different data sources affect land eligibility results and to provide valuable
knowledge for scientists and decision-makers about the reliability of data sources and
their applicability to generate robust and scientifically credible recommendations at
different scales and for different purposes. In addition, the study seeks to raise awareness
among policymakers and scientists of the opportunities and limitations associated with
using open-access data sources in renewable energy decision-making processes. The
study examines for the first time the impact of data sources on the assessment of GM-PV
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siting in Germany and evaluates four different scenarios using identical criteria but
different data sources.

2. Methodology

Open-access data sources such as Corine Land Cover (CLC), OpenStreetMap (OSM),
and Copernicus Emergency Management Service (CEMS) are widely used to analyse land
eligibility. On the other hand, Basis-DLM stands out as a precise official data source
specifically tailored to Germany [19]. Analogous to the study of Risch, Maier [3] on wind
energy production comparing different data sources, this study investigates the deviations
resulting from different data sources when estimating the GM-PV potential in Germany.
To this end, analyses of GM-PV eligibility were carried out for four scenarios, each of
which differs in terms of the data sources used: Scenario A (Basis-DLM data), Scenario B
(mainly CLC data), Scenario C (mainly OSM data), and Scenario D (all open-access data).
In Scenario D, open-access data sources were selected based on comparing CLC, OSM, and
CEMS data with the Basis-DLM; the open-access data source that most closely matches
the Basis-DLM was selected. The description of which data sources were used for the
different land use criteria for the scenarios can be found in Section 3. A more detailed
description of the scenarios and the calculated results can be found in the study conducted
by Fakharizadehshirazi and Rösch [10]. Scenario A with the Basis-DLM data is the reference
to compare the land eligibility results of the other scenarios, B, C, and D, with different
shares and sources of open-access data. The methods of intersection over union (IoU) and
Matthews correlation coefficient (MCC) were used to compare the scenarios’ results and
land uses from different sources.

2.1. Data Sources

In this study, the OpenStreetMap (OSM), CORINE Land Cover (CLC), and World
Database on Protected Areas (WDPA) data sources were investigated because they are
recommended for potential analysis at global and regional scales by McKenna, Pfen-
ninger [11]. The open-access OSM is a crowd-sourced project founded in 2004 [20],
and the data are provided by GeoFabrik (Geofabrika, 2023). CLC, a European Commis-
sion initiative, provides a land cover inventory with 44 thematic classes updated every
6 years [21]. WDPA, a global directory, is regularly updated and helps to understand
how protected areas occur and function [22]. In addition, the European Settlement Map
of Copernicus (CEMS) and the Soil Quality Rating (SQR) were included in the study
as open-access data sources. CEMS is a spatial raster data source based on the Spot
5&6 satellite data [23]. The SQR from the Federal Institute for Geosciences and Natural
Resources is a geo map for assessing soil quality for arable lands [24]. As a reference
for the comparison of open-access data sources, the official German data source Basis-
DLM [19], characterised by its superior positional accuracy concerning key points and
linear features, was used [25]. Derived from 1:25,000 topographic maps, Basis-DLM com-
prehensively represents various landscape features such as agricultural areas, forests,
settlements, and road networks. The accuracy of these features is in the range of ±3 to
±15 m, depending on the specific feature. Table 1 gives an overview of the data sources
that were used in the comparison analysis. A description of land uses and protected
areas data is provided in Supplementary Tables S1 and S2.
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Table 1. Overview of data sources applied in the comparison.

Data Sources Open-Access Accuracy/Resolution Data Type Coverage

Basis-DLM No between ±3 and ±15 m,
depending on the feature Vector Germany

CLC Yes 100 m linear phenomena,
25 ha areal phenomena Vector Europe

OSM Yes unknown Vector Global
CEMS Yes 10 m Raster Global
WDPA Yes unknown Vector Global

SQR Yes 250 m Raster Germany

2.2. Land Eligibility Analysis for GM-PV

GM-PV land eligibility depends mainly on the Renewable Energy Sources Act [26]
and legislation and restrictions to protect the environment and nature. The scenarios used
in this study focus on the protection of biodiversity, the preservation of high-quality soils
to avoid competition with food production, the preservation of water protection areas,
compliance with legal flood plains, and maintaining certain distances from settlements
and infrastructure. In determining the areas eligible for GM-PV, restricted areas were
excluded, including buffer zones such as roads, railway lines, waterways, forests, protected
areas, arable and grassland with high-quality soils, settlement areas, airports, and military
areas. For more information regarding the methodological approach, data, and results,
see Fakharizadehshirazi and Rösch [10]. Modelling and preprocessing of the data sources
used were performed using ArcGIS Desktop 10.8.1, ArcGIS Pro 3.3, and the Python site
package arcpy.

This study investigated the influence of data quality and source reliability on eligi-
bility assessments by maintaining consistent restriction and exclusion criteria taken from
Fakharizadehshirazi and Rösch [10] and only varying data sources. Scenarios A, B, and
C are based on the data sources Basis-DLM, CLC, and OSM, respectively. However, not
for all constraints, information was equally available in each data source. For example,
the CLC data did not include information on roads and railways. The Basis-DLM data on
roads and railroads were included in all three scenarios to ensure consistent comparability.
In addition, the CLC data lacked information on protected areas, and OSM only displayed
natural reserve data. Although the protected areas were defined and provided in Basis-
DLM, WPDA was used to provide information on protected areas in all three scenarios to
ensure comparability of results. This study investigated the applicability and accuracy of
open-access data to assess land eligibility for GM-PV and applied the GIS eligibility model
to Scenario D, using only open-access data. In Scenario D, all restriction layers were sourced
from open-access data, which significantly overlapped with official data. To determine the
most accurate open-access land use in Scenario D, land uses from open-access sources were
compared to Basis- DLM. The analysis focused on land uses of two key freely available
data sources, CLC and OSM; however, in the case of settlements, CEMS data were included
in the analysis. Compared to the scenario using Basis-DLM data (Scenario A), the results of
Scenario D highlight the divergence between the use of open-access and official data.

2.3. Comparison Method

Basis-DLM with precise positional accuracy [3] is an ideal choice for assessing the
quality of CLC, OSM, and CEMS-derived land use data. Therefore, Basis-DLM was used as
a reference data source to assess the alignment between land use from different data sources
and compare the land eligibility analysis outcome results across four scenarios. Intersection
over union (IoU) and Matthews correlation coefficient (MCC) were used to make the
comparison. The IoU (Equation (1), [27]) is a metric widely used in object recognition
and image classification applications. It measures the overlap between two data sources
compared with values between 0 and 1. An IoU of 1 describes the specified areas of two
data sources as equal. Matthews [28] initially developed the MCC or phi coefficient to
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compare chemical structures. It is used in machine learning to assess the accuracy of binary
(two-class) classifications [29]. Chicco and Jurman [29] argue that the MCC should be
adopted as the preferred measure for evaluating binary classification tasks throughout the
scientific community.

IoU =
Area of Overlap
Area of Union

(1)

3. Results

Table 2 shows the IoU scores. The forest category shows consistently high IoU scores
for both the CLC and OSM data sources, indicating a strong match with the Basis-DLM
reference data. Specifically, forest achieves IoU scores of 0.85 with CLC and 0.88 with OSM
data sources, confirming the reliability of both data sources for representing forest land
use. Arable land shows a higher IoU score when comparing CLC and OSM data sources,
suggesting that CLC may offer superior accuracy in delineating this land use type, with
scores of 0.75 and 0.66, respectively. Conversely, grassland has lower IoU scores in both the
CLC and OSM data sources, indicating potential difficulties in accurately identifying and
categorizing grassland areas, with scores of 0.53 and 0.43, respectively. Settlements have
relatively consistent IoU scores of 0.54 with both CLC and OSM data sources, indicating
moderate agreement with the Basis-DLM reference data. However, there is a lower IoU
score of 0.42 with the CEMS dataset, indicating less agreement between the CEMS data and
the Basis-DLM.

Table 2. IoU comparison of land use classes with Basis-DLM data.

Land Uses CLC OSM CEMS

Forest 0.85 0.88 -
Arable land 0.75 0.66 -
Grassland 0.53 0.43 -

Settlements 0.54 0.54 0.42
Airports 0.67 0.69 -

Based on MCC analysis in Table 3, the highest agreement was found for the classifi-
cation of forests (CLC: 0.89, OSM: 0.91), followed by arable land (CLC: 0.78, OSM: 0.70),
indicating strong compatibility between these land use classes and the Basis-DLM data. In
contrast, grassland showed the lowest agreement (CLC: 0.62, OSM: 0.55), indicating a lower
consistency of classification between the different data sources. Furthermore, settlements
showed a moderate agreement with CLC (MCC = 0.68) and OSM data (MCC = 0.68), but a
lower agreement with CEMS data (MCC = 0.55).

Table 3. Matthews (phi) Coefficients comparing land use classes with Basis-DLM data.

Land Uses CLC OSM CEMS

Forest 0.89 0.91 -
Arable land 0.78 0.70 -
Grassland 0.62 0.55 -

Settlements 0.68 0.68 0.55
Airports 0.73 0.71 -

In terms of IoU and CMM results, the CLC data sources have a higher overall overlap
with the Basis-DLM.

Table 4 provides a detailed overview of the exclusion criteria applicable to the different
scenarios and the corresponding data sources used. In Scenario A, the eligibility analysis
is based on official data (Basis-DLM), while Scenarios B and C primarily use CLC and
OSM, respectively. CEMS was excluded from the eligibility analysis due to its insufficient
compliance with Basis-DLM. The results presented in Tables 2 and 3 played a key role in
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the data selection decision process for the implementation of Scenario D, known as the
open-access data scenario, which aims to analyse the accuracy of using open-access data in
the absence of commercial data sources. Based on these results, the CLC data sources were
found to have a higher degree of coherence with the official data (Basis-DLM) compared to
other available sources, leading to their selection for Scenario D. It is important to note that
the lack of road data within this data source limits the use of the CLC data. Complementary
road data from OSM was included to overcome this limitation while remaining consistent
with the open data access principles of Scenario D. In addition, information on protected
areas has been sourced from the WPD in conjunction with Scenario D.

Table 4. Restriction criteria for analysing GM-PV land in different scenarios.

Restriction Layers Scenario A Scenario B Scenario C Scenario D

High-quality arable
lands: SQR ≥ 40 Basis-DLM CLC OSM CLC

Forests Basis-DLM CLC OSM CLC
Protected area WDPA WDPA WDPA WDPA

Landscape area WDPA WDPA WDPA WDPA
Settlement areas Basis-DLM CLC OSM CLC
Waterways and

waterbody Basis-DLM CLC OSM OSM

Transport routes: Roads Basis-DLM Basis-DLM Basis-DLM OSM
Transport routes:

Railway lines Basis-DLM Basis-DLM Basis-DLM OSM

Airports Basis-DLM CLC OSM CLC
Military zones Basis-DLM CLC OSM CLC

By applying the eligibility model across the four scenarios, areas eligible for GM-PV
were identified. Table 5 shows the results of land eligibility for the different scenarios in
Germany. Scenario A shows a significant contrast in the proportion of non-eligible land
compared to the other scenarios. Specifically, 91.1% of Germany’s total area belongs to
this category, while 8.9% remains unrestrictedly accessible, significantly differing from the
other scenarios. This difference in Scenario A distinguishes it from Scenarios B, C, and D,
where the percentage of non-eligible areas with restrictions ranges from 86.6% to 87.1%.

Table 5. Eligibility analysis results as a percentage of total Germany (%).

Scenarios Not Eligible Eligible

Scenario A 91.1 8.9
Scenario B 86.6 13.4
Scenario C 86.8 13.2
Scenario D 87.1 12.9

To illustrate the spatial distribution of the four scenarios, Figure 1a–d was created,
showing the eligible areas’ locations. The spatial distribution of areas eligible for GM-PV
shows a consistent pattern in all four scenarios, with no significant deviations. A significant
share of the eligible areas is located in the north-eastern and southern regions of Germany.
In scenarios with freely accessible data (Figure 1b–d), the yellow colour of the eligible areas
is more pronounced compared to the official data (Figure 1a).
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Figure 1. Geographical coverage for GM-PV eligibility in Germany: (a): Scenario A (Basis–DLM),
(b): Scenario B (CLC), (c): Scenario C (OSM) and (d): Scenario D (open-access data).

The four scenarios’ results were compared in pairs using IoU and MCC calculations.
The results of these comparisons were then combined to create an IoU and MCC matrix,
shown in Table 6.

Table 6. Comparing land eligibility scenario results (A, B, C, and D) using IoU and MCC methods.

Scenarios Methods Scenario A Scenario B Scenario C Scenario D

Scenario A
IoU

1.00
0.60 0.53 0.53

MCC 0.74 0.68 0.68

Scenario B
IoU

1.00
0.52 0.81

MCC 0.64 0.89

Scenario C
IoU

1.00
0.47

MCC 0.59

Scenario D
IoU

MCC
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The calculation of the IoU value between the scenarios (Scenario A, B, C, and D) shows
that Scenario B (CLC), with the highest IoU [MCC] value of 0.60 [0.74], is the most similar to
Scenario A (Basis-DLM), which indicates a considerable degree of spatial correspondence
between the two scenarios and suggests a substantial degree of harmonisation in their rep-
resentations of land eligibility. Scenario C (OSM) follows closely with an IoU [MCC] of 0.53
[0.68], showing a moderate degree of spatial correspondence with Scenario A. In contrast,
Scenario D (open-access) has a similar IoU [MCC] value of 0.53 [0.68] to both Scenario A
and Scenario C, indicating a moderate but comparable spatial correspondence. Among the
pairs, Scenario B and Scenario D have the highest IoU [MCC] (0.81 [0.89]), indicating that
these two scenarios are most similar in terms of space. This comparison provides insights
into the varying degrees of spatial concordance between different scenarios when capturing
land eligibility patterns.

4. Discussion

In this study, three data sources, Basis-DLM, OSM, and CLC, in addition to CEMS
settlement data, the SQR soil quality rating map, and WDPA-protected areas, were used
to investigate the influence of the choice of data source for GM-PV scenario assessment.
McKenna, Pfenninger [11] state that OSM, CLC, and WDPA are mainly used at global and
regional scales to analyse the eligibility of land for wind energy. Risch, Maier [3] discussed
the influence of the land use category settlements on potential analyses in Germany. He
emphasised that settlements are often used synonymously with residential land uses in
land eligibility analyses. McKenna, Pfenninger [11], and Masurowski, Drechsler [14] (cited
in Risch, Maier [3]) support the finding that settlements have a significant impact on the
land eligibility analysis. For this reason, in addition to the Basis-DLM, OSM, and CLC
data, the CESM settlement data were analysed. CESM is based on satellite data and has the
lowest level of accuracy in comparison to the Basis-DLM data, which is why it is not used
in this study for the analysis of land eligibility in Scenario D. The variance in land eligibility
analysis between the use of official data and open-access data ranges from 4.0 to 4.5% of
Germany’s total area. This corresponds to 1.4 to 1.6 million hectares (Mha), a significant
area compared to Germany’s arable land, which totals approximately 11.66 Mha.

Numerous studies have examined the siting of renewable energy sources at the inter-
national, national, and regional levels. As part of a systematic review, Spyridonidou and
Vagiona [30] carefully analysed and evaluated existing methods for selecting sites suitable
for both solar photovoltaic and concentrated solar power. Of the 10,121 studies reviewed,
152 met the eligibility criteria and underwent comprehensive evaluation, including site
suitability analysis. Despite the high amount of international research on land suitability
for renewable energy, the selection of data sources for such analyses has received relatively
little attention.

Risch, Maier [3] examined the influence of the data on the potential for wind energy,
which can be considered the most relevant study to the current research. The present
study analyses the impact of data sources on GM-PV in more detail and with more data
as a continuation of Risch, Maier [3]’s study. Risch, Maier [3], investigating the impact of
the choice of data type in wind potential analysis, concluded that there was a significant
overlap between OSM and Basis-DLM data in most land use categories. The study of Risch,
Maier [3] notes that significant biases exist in the land use data sources commonly applied
by the energy systems community. They conclude that the use of CLC leads to a significant
overestimation of the potentially usable area for renewable energy technologies compared
to Basis-DLM and OSM, respectively, and is, therefore, not recommended for renewable
energy potential analyses. They state that high-quality data sources are needed for reliable
input for policymakers or energy system models. Risch, Maier [3] found that in the case
of Germany, Basis-DLM and OSM provide similar information for several categories,
especially line-like features such as power lines or railways. For others, Basis-DLM and
OSM show significant differences, e.g., for industry/commercial areas, lakes, or rivers.
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This study evaluated the IoU and the MCC for Scenarios B, C, and D compared
to Scenario A (Basis-DLM). The IoU values were between 0.53 and 0.6, while the MCC
ranged from 0.7 to 0.68. These metrics were used to evaluate the results of the land
eligibility analysis, highlighting differences between the use of official and open-access
data sources. The IoU [MCC] resulting from the comparison between Scenarios B and C
was approximately 0.5 [0.6], indicating a moderate difference in the impact of using CLC
and OSM to analyse land eligibility in Germany. These findings could be applied across
Europe. Nevertheless, Risch, Maier [3] results suggest that CLC underestimates smaller
settlements, which leads to an overestimation of the potential area, with the total potential
area being about 80% higher.

In the study of Risch, Maier [3] comparing the main land uses (arable, forest, and
grassland) from CLC and OSM with Basis-DLM, the largest overlap occurred with forests,
while the least overlap was observed with grassland, which is consistent with the current
study’s results. Although OSM boasts infrastructure data, including roads and railways,
unlike CLC, it is essential to note that OSM relies on contributions from volunteer users,
raising concerns about data completeness [31]. Previous OSM assessments have shown that
road reliability in many Western European countries is over 95%. Still, the completeness of
building data is considerably lower, for example, in Saxony, Germany, where it was only
23% in 2013 (Hecht, Kunze [32] cited in McKenna, Ryberg [31]). In the current research,
the IoU for comparing settlement data between OSM and Basis-DLM is estimated to be
0.55. Consequently, using OSM data depends on including supplementary data to assess
renewable energy potential accurately [31]. On the other hand, CLC data, which cover the
whole of Europe, overlap more with the Basis-DLM data. The high consistency between
the IoU and MCC comparison results suggests a high degree of agreement between these
assessment methods. This alignment underscores the reliability and robustness of the
results and strengthens confidence in the assessments’ accuracy.

5. Conclusions

This study provides valuable insights into the influence of data source selection
on the assessment of the potential for ground-mounted PV in Germany. The influence
of data selection on potential analyses was demonstrated by systematically comparing
commonly used open-access data sources with the official Basis-DLM data. The results of
this study highlight the critical importance of carefully selecting data sources for accurate
land-based renewable energy planning. The variance in GM-PV eligible areas calculated
from official data versus open-access data ranges from 4% to 4.5% of Germany’s total land
area. In particular, the use of open-access data tends to overestimate the eligible area. This
discrepancy mainly affects arable land, which has a direct impact on food competition
and stakeholder acceptance. To address these issues, policy makers and planners should
prioritise the use of official Basis-DLM data for accurate assessments of GM-PV potential.
When official data are not available, the combination of open-access datasets such as CLC
and OSM can provide a practical alternative for preliminary assessments, offering a balance
between accuracy and accessibility. Researchers are encouraged to further investigate
the impact of different data sources on land suitability, as refining methodologies and
improving data accuracy are critical for reliable renewable energy planning. In addition,
stakeholders and community advocates should understand how data discrepancies affect
land use and the acceptance of renewable energy projects. This understanding can help
manage potential conflicts and foster broader support for renewable energy initiatives.
Among the openly available data, satellite-based CEMS data show limited consistency with
Basis-DLM. Conversely, CLC data, which provide comprehensive coverage of European
land use, show greater consistency with Basis-DLM, although they do not include road and
railroad data. On the other hand, OSM includes road and railroad data, which increases
its usefulness for transport infrastructure efforts. In the absence of official data, a viable
approach for land suitability analysis is to combine CLC and OSM data, as explored in
Scenario D, resulting in moderate consistency compared to Basis-DLM data. Thus, OSM,
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CLC, and WDPA provide options for rough large-scale planning that balance accuracy
and accessibility. However, for studies where accuracy is a priority, the use of official
Basis-DLM data is recommended. Insights into the quality and applicability of these
data sources provide valuable guidance to decision-makers on potential uncertainties in
scenario analysis and help scientists choose data sources wisely, tailored to their specific
needs. Given the limited research on the impact of data sources in determining land
suitability for renewable energy analysis results, continued research is essential to fill
knowledge gaps and improve the accuracy of land suitability analyses, ultimately leading
to more informed decisions and effective implementation of renewable energy projects.

Supplementary Materials: The following supporting information can be downloaded at: https://www.
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