
CO2 emissions and the uneven geography of 
data centers in Europe

1

1University of Padova

19th REGINNPOL - Venice 23rd of October 2025

L. Vargiu1

R. Antonietti1, M. Bettiol1, E. Di Maria1



2

Current debate on DCs
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Background literature
DCs are critical infrastructure:

• for the digital economy (cloud computing, artificial intelligence, streaming services, etc.) (Avgerinou et al., 2017; Jones, 2018)

• that require vast amounts of water and electricity (Bettiol, 2023; Jegham et al. 2025; Zhang, 2024)

• they significantly contribute to regional energy consumption and, in turn, CO₂ emissions, especially in areas

reliant on carbon-intensive electricity generation (Masanet et al., 2020).

Within the literature stream on the geography of digital technologies sustainability the attention lies on:

• the enabling role for eco-innovation (Faucheux and Nicolaï, 2011; Montreso & Vezzani, 2024)

While its negative impact remains underexplored and specifically that of DCs so far adressed by:

• Bianchini et al. 2023 -> DCs’ high impact on GHG emissions of European metropolitan regions

• Bonfiglioli et al. 2025 -> proximity to DCs raises dependence on non-renewable energy in USA commuting zones
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Literature gaps  

• Lack of studies on Europe DCs and European regions

• Lack of studies that analyse both the economic and environmental impact of DCs on territories

While DCs foster local/regional economies attracting highly productive firms, they produce environmental

impacts in terms of energy consumption, pollution, water consumption
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Empirical analysis
We conduct a suggestive and explorative analysis by:

I. disentangling the geographical patterns of DCs locations and of emissions distribution across Europe

II. analysing the temporal distribution of DCs

III. estimating preliminary correlations between DCs presence and regional CO₂ emissions
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Data sources
I. Emissions:

• EDGAR: reports annual CO₂ emissions in metric tons, along with geographic coordinates at a 
0.1° x 0.1° grid resolution

II. Regional socio-economic statistics

• Eurostat

III. DCs data:

• DataCenterMap.com: operates a global DC directory mapping DCs location worldwide
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Data & Variables: Emissions & Reg. stats
EDGAR:

• EU NUTS2/NUTS3 GHG emissions are retrieved by assigning each cell to its corresponding region

• Variables: Total GHG emissions; CO2 by sectors (energy, industry) from 1990-2023

Eurostat:

• NUTS2/NUTS3 statistics on GDP, Population, Firms, ICT usage
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Data & Variables: DCs
From DataCenterMap.com:

• 2202 DCs located on EU27 member states and the UK

• Variables: coordinates; provider; size (building, whitespace); power (mw); operational year; type; tier

The corresponding NUTS2/3 codes are retrieved from DCs’ coordinates:

• 234 different EU NUTS2 regions

• 510 different EU NUTS3 regions
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DCs: geographical distribution 1/2
Higher concentration:

• Northern/central Europe

• Capital and large cities

• Top 10 countries:

ShareNum. of DCsCountry
16.9361Germany
16.1343United Kingdom
10.9233France
8.2175The Netherlands
6.9148Italy
5.4116Spain
4.289Sweden
4.188Ireland
3.882Poland
2.758Romania
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Higher concentration:

• Capital/large city regions

• Industrial regions

• Rank top 10 regions:

DCs numberRegionCountry
96DarmstadtGermany

86
Eastern and 

MidlandIreland
84Ile-de-FranceFrance
79Noord-HollandNetherlands

62
Berkshire-

OxfordshireUK
53LombardiaItaly
44StockholmSweden
39MadridSpain
32DüsseldorfGermany
29OberbayernGermany

DCs: geographical distribution 1/2
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DCs: temporal distribution
• Operational year availability: 536 DCs

• Most arrived after 2000, likely driven

by the growth of internet

infrastructure, cloud computing, and

digital services

• Low frequencies before 2000, reflect

the early stage of digital infrastructure

development
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DCs: size and type
The average of the max electrical power capacity that the DC’s IT equipment will consume once the facility is

fully operational is 12.8 MW (medium-to-large DC)

A small data center might have <1 MW IT capacity

A large hyperscale DC (like those of Google, AWS, or Microsoft) might exceed 50–100 MW

ShareFrequencyDescriptionType 

92.61975Retail or wholesale data center facilityColocation

3.881Self-built hyperscale Hyperscale

2.757A cluster of interconnected data centers ran by the same companyCampus

0.716Multi-tenant facility e.g. server room in a city centre buildingBuilding
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Geography of DCs & emissions

DCs are not always located in the

highest-emission regions → location

decisions may be driven by energy

efficiency, cooling potential, and

renewable energy availability
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DCs sample
To conduct a longitudinal analysis we

restrict to 536 DCs for which the

operational year is available
DCs numberRegionCountry

15DarmstadtGermany
12Helsinki-UusimaaFinland
12Noord-HollandNetherlands
11LombardiaItaly
11Bucureşti-IlfovRomania
10DublinIreland
9Ile-de-FranceFrance

9
Berkshire-

OxfordshireUK
8HamburgGermany
8MadridSpain
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Regional CO2 trend 

Regions with DCs show on

average higher levels of

emissions, however:

• they mimic the same trend as

those without

• do not signal divergence



16

Explorative analysis

Estimated NUTS2 annual emission levels trend Estimated NUTS2 annual emission levels trend * DCs stock 
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Explorative analysis

Conditional marginal effects of year dummies for different level s of DCs 
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Next steps
Data elaboration at more granular level (NUTS3)

 Inclusion of data on energy and water consumption to account for other environmental impacts

 Improve the empirical strategies with better defined regressions

Counterfactual model estimation: Synthetic Diff-in-Diffs, Staggered Diff-in-Diffs

DCs as a dark side of the Twin Transition



Thank you!
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DCs sample
Sample of xxx DCS for wich

op. year is available

Top countries

Top regions


