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Motivation of the study

• There is no official list of data centers

• Official statistics are currently not compiled on data center energy 
use at national or global levels, but several authors tried to 
estimate its environmental impacts in terms of carbon footprint.

• Belkhir and Elmeligi (2018) calculate an impact around 2,5 % to 3% 
of global greenhouse gas emissions (GHGE) at the global level in 
2018 with a projection of to reach 3 to 3,5% in 2020. 

• Electricity consumption of Google data centers, is now bigger than 
the electricity consumption of the State of Maine in US (Bergen, 
2022).



Research questions

1. How are Data centers taking into account 
sustainability issues? Can we differentiate between 
soft and strong sustainability engagement (i.e. 
certifications)?  

2. Which practices are data centers implementing to 
mitigate their carbon footprint?

3. Focusing on Europe, does geographical location and 
local istitutions matter in terms of sustainability 
initiatives?



Our Research Strategy
• Definition of a database of European

Datacenter via webscraping of datacentermap
• Survey on data center managers in Europe 

(running)
• Text analysis of data center websites 

(completed)



Methodology of website analysis 
• We use web scraping tools to build a new database with the text of 

websites and analyzing the text using an innovative methodology, 
based on text analysis and machine learning techniques 

• We analyzed website content using a bag of word approach and TF-
IDF (term frequency–inverse document frequency) text classification 
method (Jones, 1972). 

• This methodology allowed us to create an index of the presence and 
degree of discussions about sustainability on each website. 



Advantages
• It is in the company’s best interest to provide an 

accurate representation of itself via websites

• Information from websites is relatively inexpensive to 
obtain (Gök et al., 2015), publicly available, and up to 
date 

• Collecting data from the web is also nonintrusive 
(Arora et al., 2016), which is increasingly relevant in a 
period when response rates to research 
questionnaires are in constant decline. 

• The analysis could be easily repeated over time



Data

• In 2022 we performed an analysis of 342 (out 549) 
European data center with an English website

• In 2024 we repeated the analysis on 448 (out of 688). 
• We obtained the list of data centers scraping 

https://www.datacentermap.com
• Websites data was obtained using Qiba (Quantitas 

Intelligent Business Analyzer), a web crawling and 
scraping tool. 

• Text was cleaned and pre-processed to create a corpus to 
be analyzed (remove symbols, remove punctuation, 
transform into lower case…)

https://www.datacentermap.com/


BoW: Bag of words approach
• We analyse the topic of sustainability using a Bag of Word approach
• The idea is that we can estimate the relevance of a topic

(sustainability) in a document (website) by the frequency of a given
set (bag) of pre-selected words. (Zhang et al., 2010) 

• Given the complexity of the concept of sustainability, we identify and 
analyze five subtopics: metrics, green factors, footprints, circular 
economy and certifications. 

• In particular, given the word frequency in each BOW we compute the 
TF-IDF indicator (term frequency – inverse document frequency) 
allowing us to rank company websites with respect to sustainability 
bags. 



Identifying sustainability sub-topics
• To identify sustainability sub-topics we implement a hybrid approach 

apply a two-step procedure
• In the first step we use a qualitative lexicon-based approach and identify 

keywords linked to sustainability for the five baskets: metrics, green 
factors, footprints, circular economy and certifications. 

• In the second step we used a word embedding methodology to enrich 
the initial baskets. In detail, we used word2vec, one of the most popular 
word embeddings techniques.

Advantages:

1. enables the retrieval of terms initially missed by the researcher 

2. allows to search for terms in the specific language of the corpus 
analyzed.



TF-IDF Term Frequency-Inverse Document
Frequency
• We used a TF-IDF indicator to rank websites according to the strength of their 

communication about sustainability. 

• Higher the frequency of a certain term, the more important it is to the company. 

• TF-IDF score for a term is higher when it appears i) frequently and ii) only in a small 
number of websites (rare)

TFIDF(t,d,D) = tf(t,d)*idf(t,D) = tf(t,d)*log(N/nt)

 N number of documents, 
 nt number of documents containing a given word

• In detail, we implement the version by Paik (2013) that takes into account:
1. different website size
2. different basket length



Bag of words



Preliminary Results



Metrics



Green Factors



Footprint



Circular Economy



Certifications



Rank 2022



Results 2024



TF-IDF distribution: a comparison

2. Metrics

3.Green Factors

4.Green Footprint

5.Circular Economy

6.Certifications

20242022



Conclusions
• Large variance on the raking: only 5 data centers are at 

the top of the game in 2022 and 2024. This seems 
related to the emergence of new leaders.
• On average, data centers websites in 2024 have a 

higher median in relation to every bag of words. This 
means an increased awareness on the importance of 
sustainability in the industry and possible of more 
investments in the field.



Demand side
Corporate digital sustainability 



Corporate Digital Responsibility

• Corporate Digital Responsibility as 
an extension of the concept of CSR to 
consider “emerging responsibilities of 
corporations relating to their 
digitalization-related impacts, risks, 
challenges, and opportunities.” (Herden 
et al. 2011)

• Emerging framework to be further 
explored in relation to the firm’ 
sustainability strategies and with 
respect to the growing attention on 
environmental impacts of digital 
infrastructures (i.e. Datacenters) and 
twin transition perspective

Fonte: Herden et al. 2021



Methodology 

• Data collection carried out with the support of Leonardo Cuffolo 
(Entrepreneurship and innovation graduate program)

• Goal: explore the Corporate Digital Responsibility (environmental 
sustainability) of sustainable companies (twin transition framework)

• Focus: Italian leading companies for Sustainability (Leader della sostenibilità 
2024) identified by IlSole24Ore and Statista (Total companies: 240)

• Survey CAWI carried out in September / October 2024

• Number of interviewed companies: 31 (13% of total sample)
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Preliminary conclusions 

• Not direct connection between sustainability strategies and CDR in 
sustainable-oriented firms

• Multiple actions / paths in relation to environmental sustainability for IT 
management strategies (data / infrastructures)

• To explore:
• Future trends at the firm level (expanding the analysis both quantitative and 

qualitative)
• Implications in terms of demand of cloud/co-location services (customers of 

data center service providers)


