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1. Introduction

The Twin Transition (TT henceforth) — the simultaneous advancement of digitalisation and
environmental sustainability — has become a cornerstone of European Union policy, underpinning
the European Green Deal, the Digital Decade policy programme and Cohesion Policy objectives
(European Commission, 2022; Barbero et al., 2025; Fernandez et al., 2021). Digital infrastructures
are expected to act as key enablers of decarbonisation, resource efficiency and innovation, for
example by supporting smart grids, industrial automation and data-driven optimisation of energy and
transport systems (Gao, 2025; Veugelers et al., 2023). At the same time, the rapid expansion of these
infrastructures raises growing concerns regarding energy demand, greenhouse gas emissions, water
use, critical raw materials and territorial inequalities (Commins & Irion, 2025; European
Commission, 2025a; Stacciarini & Gongalves, 2025).

Among digital infrastructures, Data Centres (DCs henceforth) occupy a critical position in the TT.
They are essential infrastructures for the digital economy providing the backbone for cloud
computing, artificial intelligence and a wide range of data-driven services, but they are also
energy-intensive socio-technical systems with complex environmental footprints that extend beyond
direct electricity use to include embodied emissions, water consumption for cooling, land use and
electronic waste (Bettiol., 2024; Commins & Irion, 2025; Jegham et al., 2025; Whitehead et al., 2014,
2015). These environmental impacts are not spatially neutral; they vary across regions depending on
factors such as the carbon intensity of local energy mixes, climatic conditions and cooling needs,
existing network and energy infrastructures, and the strength of planning and regulatory frameworks
(Bianchini et al., 2023; Bonfiglioli et al., 2025; European Commission, 2025a; Shehabi et al., 2011)

Recent EU-level assessments acknowledge both the opportunities and the risks associated with the
TT. The Eighth Report on Economic, Social and Territorial Cohesion highlights that the TT is likely
to be a key driver of future EU growth but warns that, without appropriate place-sensitive policy
action, new economic, social and territorial disparities may emerge or deepen (European
Commission, 2022). Scholarly work similarly underscores that, while EU policy discourses portray
the TT, policy implementation remains fragmented and uneven across governance levels, raising
questions about coherence, fairness and the real capacity of digitalisation to support climate neutrality
(Gao, 2025; Kovacic et al., 2024). In the specific case of DCs, this tension is already visible.
Projections suggest that data-centre-related electricity demand in Europe could grow substantially by
2030, at a time when the EU must reduce final energy consumption and accelerate decarbonisation
(European Commission, 2025a; European Commission, 2025b). In response, the revised Energy
Efficiency Directive has introduced mandatory monitoring and reporting obligations for large DCs
and paved the way for an EU-wide database and an upcoming Data Centre Energy Efficiency
Package, which aim to improve transparency and steer investments towards more energy- and
water-efficient facilities powered by renewable sources and integrated with local waste-heat recovery
(Commins & Irion, 2025; European Commission, 2025b). However, scientific knowledge about the
regional drivers, trade-offs and social consequences of this transformation is still limited, particularly
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regarding how the spatial distribution of DCs interacts with regional development paths, cohesion
objectives and local capacity to govern environmental risks (Barbero et al., 2025; Commins & Irion,
2025; Gao, 2025). This knowledge gap risks producing place-insensitive policy responses that fail to
address regional vulnerabilities and may even exacerbate existing divides in innovation, skills and
infrastructure, thereby undermining the goal of a fair and just transition highlighted in the Eighth
Cohesion Report (European Commission, 2022). Understanding how the TT intersects across
European regions — and specifically how DCs’ location, design and regulation shape territorial
patterns of environmental burdens and benefits — is therefore essential for designing effective,
inclusive and territorially balanced EU strategies (Barbero et al., 2025; Gao, 2025; Kovacic et al.,
2024).

2. The GEOTWIN project

Research activities carried out within “The geography of the twin transition” (GEOTWIN) project
have been oriented also to address this challenge. The project (www.geotwin.it') examines how the

TT is shaped by regional techno-economic and socio-institutional characteristics, focusing on two
key dimensions: (i) the regional mapping and analysis of the invention and diffusion of digital
technologies that enable the green transition across European regions; and (ii) the assessment of the
(adverse) environmental impacts of digital technologies in different European regional contexts, with
DC:s as the core focus of the analysis. With respect to the latter, three distinct objectives were pursued,
each addressed through an appropriate methodological approach applied to a different data source.

The first objective investigates to what extent European DCs operators are implementing
environmental sustainability practices and which dimensions of “green” design they prioritise in their
investment and management decisions. This objective is addressed through an online survey
administered to DCs providers listed on the DataCenterMap platform and operating in EU-27 and the
United Kingdom from October 2024 to May 2025. The survey targets 549 providers and yields 31
completed questionnaires, covering 16 European countries and a sample largely composed of Tier III
and Tier IV facilities?. The questionnaire collects information on the factors considered in data centre
design, the adoption of environmental performance metrics, the use of renewable energy sources,
circular-economy practices, and the main internal and external barriers perceived by operators in
implementing sustainability initiatives.

The second goal examines how regional geography influences the location of DCs in Europe and how
the spatial distribution of such facilities relates to regional greenhouse-gas (GHG) emission profiles.
The analysis combines georeferenced information on DCs with regional environmental and
socio-economic indicators. A database of 2,202 DCs located in EU-27 and the United Kingdom is
constructed using DataCenterMap, including details on geographic coordinates, provider, physical

! https:/www.geotwin.it

2 The low response rate is most probably attributable to the fact that these operators are not accustomed to responding to
this kind of surveys and consider energy consumption data as mission-critical and competitive information; therefore,
they are somewhat reluctant to share it.
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size (building and whitespace), electrical power capacity (MW), year of operation, type and tier. Each
facility is assigned to NUTS-2 and NUTS-3 regions (234 NUTS-2 and 510 NUTS-3 regions) based
on its coordinates. These data are integrated with GHG emissions from the EDGAR database (total
GHG and CO: emissions by sector from 1990 to 2023) and with Eurostat statistics on GDP,
population, business structure and ICT use at regional level. The combined dataset is used to map
DCs concentration, identify regional clusters and compare emission levels and trends in regions with
and without data centre presence.

Finally, the third objective explores how European DCs communicate their environmental
sustainability initiatives to external stakeholders and how this communication has evolved over time.
This objective is addressed through a web-content analysis of DCs corporate websites. In 2022, the
study identifies 549 European data centres, of which 342 have an English-language website suitable
for analysis. In 2024, the population increases to 688 facilities, of which 448 have eligible websites.
Texts are collected through web scraping and pre-processed to build a structured corpus (removal of
symbols and punctuation, lower-casing and basic cleaning). A coding scheme groups keywords and
expressions into five thematic categories: (i) performance metrics, (i) green factors, (iii)
environmental footprint, (iv) circular-economy practices and (v) certifications. Changes in the relative
frequency of these themes between 2022 and 2024 provide evidence on the evolution of sustainability
communication in the sector.

3. Research evidence: sustainability strategies, location, and communication of

EU DCs

The survey evidence indicates that technical and operational priorities dominate design decisions in
European DCs. Connectivity, security and energy efficiency are systematically rated as very
important by most respondents, confirming the centrality of reliability and performance in the sector.
Environmental dimensions such as local environmental policies, air quality, CO: emissions and
biodiversity are also considered, but more often classified as moderately important rather than
decisive criteria.

Within the environmental domain, operators concentrate on a narrow set of energy-related indicators.
Power usage effectiveness (PUE), cooling system efficiency and total energy consumption emerge as
the most salient design and monitoring factors, followed by overall environmental impact, reduction
of CO: emissions and the use of renewable energy sources. In contrast, elements associated with
circular economy—such as e-waste management, recycling of critical raw materials and enhancement
of biodiversity—receive comparatively less systematic attention in investment and management
decisions (Figure 1).
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Figure 1. Relevance of green factors in DCs design
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Source: Authors’ elaboration on survey data.

The diffusion of formal environmental reporting and advanced measurement tools remains limited, although
some dynamics of change are visible. Approximately one fifth of respondents declare publishing
environmental reports, and a similar share indicates that they are developing or considering such reports. Only
a small minority currently apply life-cycle assessment (LCA), even though almost half of the sample states
that LCA is under development or consideration. In terms of metrics, PUE clearly dominates confirming to be
the main environmental and business indicator of overall efficiency in the industry, while indicators such as
water usage effectiveness (WUE), carbon usage effectiveness (CUE), energy reuse effectiveness (ERE) and
other composite measures are much less frequently used. This pattern suggests that most operators still frame
sustainability primarily in terms of energy-efficiency optimisation (strongly intertwined with economic
efficiency and competitiveness-related levels), with limited monitoring of broader environmental impacts,
including scope-3 emissions.

The survey also highlights a heterogeneous but significant uptake of renewable energy. A sizeable group of
providers already sources more than 90% of its electricity from renewable sources, while others remain heavily
dependent on non-renewable supply, with shares below 30%. When asked about obstacles, respondents
emphasise financial constraints, difficulties in accessing sufficient renewable energy, limited availability of
new technological solutions and technical competences, and only moderate environmental awareness among
top management. These constraints collectively limit the speed and depth of sustainability transitions in the
sector.

The geographical analysis confirms a pronounced spatial concentration of DCs across European countries and
regions. Facilities are primarily located in northern and central European countries, with Germany, the United
Kingdom, France and the Netherlands hosting the largest national clusters. Germany alone accounts for 16.9%
of all identified DCs. At the sub-national level, the highest densities are observed in capital regions and large
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metropolitan or industrial areas, such as Darmstadt, Eastern and Midland (Ireland), {le-de-France,
Noord-Holland, Berkshire-Oxfordshire, Lombardy, Stockholm and Madrid. Many other regions host only a
handful of facilities, reflecting a clear core—periphery pattern (Figure 2a). Compared with the distribution of
GHG emissions, the analysis shows that DCs are not systematically located in the most emission-intensive
regions. Location choices may be driven by energy efficiency, cooling potential, and the availability of
renewable energy (Figure 2b), together with more established technological factors (connectivity). When
examining emission trajectories, regions with data-centre presence exhibit a clear downward trend in
energy-sector CO: emissions over the past two decades, similar to regions without data centres, but their
emission levels remain consistently higher than those of regions without such facilities. These findings
underscore the importance of integrating energy and climate considerations into location and permitting
decisions to ensure that new DCs investments reinforce, rather than undermine, regional decarbonisation
pathways.

Figure 2 - The geographical distribution of data centres in European Union

(a) DC by NUTS-2 Region (2023) (b) Total Emissions by NUTS-2 Region (2023)

Source: Authors elaborations on DataCenterMap data.

Finally, the web-content analysis reveals a gradual strengthening, but still partial, integration of sustainability
themes in the external communication of European DCs. Between 2022 and 2024 there is a small increase in
the share of operators whose websites explicitly mention performance metrics, green factors and environmental
footprint. References to circular-economy practices and certifications remain relatively stable in relative
frequency, albeit already comparatively high for certifications.

Across both observation years, the dominant communication themes are closely aligned with energy issues.
Websites frequently highlight energy efficiency, power usage effectiveness, water usage effectiveness and
renewable energy, alongside references to carbon footprint, low-carbon or climate-neutral operations and
decarbonisation pathways. Sustainability narratives thus mirror the operational focus on energy-efficiency
metrics observed in the survey. Circular-economy communication emphasises concepts such as reuse, repair,
waste and disposal, indicating that operators are aware of the relevance of hardware life-cycle management,
but advanced methodological notions like LCA appear less systematically.

Certifications are at the core of external communication. Many DCs prominently display environmental and
energy-management standards, particularly ISO 14001 and ISO 50001, as well as other labels such as LEED
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or climate-neutral DCs schemes. These certifications function as key signals of environmental commitment
and performance towards clients and regulators (Table 1 and Figure 3).

Table 1 — Evolution of sustainability communication themes on DCs providers websites

Sustainability | 2022 2024
Theme Number of Total Relative Number of Total Relative
firms (DCs) firms frequency firms (DCs) firms frequency

Metrics 173 549 0.32 227 688 0.33
Green factors 186 549 0.34 240 688 0.35
Environmental
footprint 198 549 0.36 262 688 0.38
Circular
economy 226 549 0.41 277 688 0.4
Certifications 315 549 0.57 385 688 0.56

Source: Author’s elaborations on web content analysis of European DCs providers’ websites 2022—2024.

Taken together, results for the third objective highlight a certain consistency between self-reported practices
and website communication at an aggregate level, especially with respect to energy efficiency and renewable
energy use. Nonetheless, transparency remains limited. A significant share of operators still provides only
generic statements, with scarce quantitative information and incomplete coverage of key dimensions such as
water use, circular-economy performance and scope-3 emissions. This suggests considerable room for
improvement in the depth, clarity and comparability of sustainability information disclosed by European DCs.

Figure 3 - Sustainability themes’ word clouds
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Source: Authors’ elaborations on web content analysis of European DCs providers’ websites 2022—2024.
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Overall, the results portray European DCs as critical but still evolving actors in the TT. Operators have begun
to integrate environmental concerns into design, location and communication strategies, yet sustainability
remains predominantly framed through a narrow lens of energy efficiency and cost optimisation. The survey
and geographical analyses show that investments concentrate in already advantaged metropolitan and
industrial regions, where access to connectivity, affordable electricity and often cleaner energy mixes allows
DCs to decarbonise without evident tensions with local territories. At the same time, limited uptake of
advanced assessment tools, partial transparency on broader impacts and the marginal treatment of
circular-economy and scope-3 dimensions indicate that the sector has not yet fully internalised the systemic
environmental implications of its rapid growth. The evidence from web-based communication confirms this
pattern: firms increasingly highlight energy-efficiency metrics, renewable-energy use and certifications, but
provide only fragmentary and heterogeneous information on their comprehensive environmental
performances. Together, these findings suggest that European DCs are on a path towards “greener” operations,
but that stronger regulatory incentives, clearer disclosure requirements and more place-sensitive governance
will be needed to align their expansion with the EU’s long-term climate and cohesion objectives.

4. Policy recommendations

Building on this evidence, several policy directions emerge to steer European DCs more decisively onto a
sustainable and territorially balanced trajectory.

Extended sustainability metrics

First, EU and national regulators should broaden and standardise sustainability metrics for DCs, moving
beyond a near-exclusive focus on power usage effectiveness towards a harmonised indicator set that also
captures water use, circular-economy performance, life-cycle impacts and scope-3 emissions; the forthcoming
EU reporting framework for DCs s under the Energy Efficiency Directive offers a key lever to make such
metrics mandatory, comparable and auditable across operators.

Fit between DC location procedures and regional policies

Second, location and permitting procedures need to be explicitly tied to regional decarbonisation strategies,
favouring sites where low-carbon electricity, grid capacity and cooling potential minimise additional
environmental pressure, and using cohesion and regional-development instruments to foster sustainable
data-centre hubs in structurally weaker regions with strong renewable-energy potential rather than reinforcing
existing core—periphery patterns.

Fostering transparency and accountability

Third, transparency and corporate accountability should be strengthened through regular public environmental
reporting, including LCA-based assessments and full disclosure of scope-3 emissions, supported by clear
guidance on how to measure and communicate these impacts so as to reduce greenwashing and allow clients
and public authorities to make informed choices.
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Targeted capacity-building and innovation policies

Finally, targeted capacity-building and innovation policies—combining dedicated funding, technical
assistance and skills-development initiatives—are needed to address the main obstacles identified by operators

(investment constraints, limited access to renewables, insufficient technological solutions and competences),
thereby aligning the rapid expansion of digital infrastructures with the EU’s long-term climate-neutrality and
cohesion objectives.

EUROPEAN DATACENTER POLICIES

Extended Sustainability Metrics Location Alignment & Regional

Policies

« Energy & Water Efficiency
« Carbon & E-Waste Reduction

@3 | °h

« Site Selection Criteria
« Regional Development Plans
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