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Under the hood of cloud computing




dSEA LR & PQUIS

ACCREDITED

Volume of data/information created, captured, copied, and consumed worldwide from
2010 to 2025 (in zettabytes)
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Electricity consumption

Annual Electricity Consumption
In million megawatt-hours

All household lighting in the U.S. 62

Amazon 24

Google

—_
&

The state of Maine

Microsoft

-
N

Facebook

~

Maine electricity consumption is for 2019; all other figures are for 2020
Source: Company sustainability reports; Energy Information Administration

Source: Bergen, 2022



FIGURE 16

Our 2023 carbon footprint

Scope 1:
79.4KtCO.e

Scope 2:

3.4MtCOe
v

Total emissions:
14.3MtCO,e

A

Scope 3:
10.8MtCO,e

Scope 1
® Scope 2 (market-based)
® Scope 3: (1) Purchased goods and services

® Scope 3: (2) Capital goods

e Scope 3:(3) Fuel- and energy-related
activities (not included in Scope 1or 2)

® Scope 3: (4) Upstream transportation
® Scope 3: (5) Waste generated in operations

Scope 3: (6) Business travel

Scope 3: (7) Employee commuting
(including teleworking)

Scope 3: Other categories
Scope 3 (total)

Total emissions

79,400
3,423,400
4,038,000
1,605,000

1,186,000

584,000

10,000

283,000

113,000

2,993,000
10,812,000

14,314,800

1%

24%

28%

1%

8%

4%

<1%

2%

<1%

21%

75%

100%

Equivalent to
the emissions
for the
electricity for
2,6 millions of
European
Citizens
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Motivation of the study

e 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.

e 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).
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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?
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Our Research Strategy

 Definition of a database of European
Datacenter via webscraping of datacentermap

e Survey on data center managers in Europe
(running)

» Text analysis of data center websites
(completed)
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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.
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Advantages

* |t is in the company’s best interest to provide an
accurate representation of itself via websites

* Information from websites is relatively inexpensive to
obtain (Gok 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
guestionnaires are in constant decline.

* The analysis could be easily repeated over time
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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/
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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.
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ldentifying 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.
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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/n,)

N number of documents,
n,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
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Bag of words

Metrics

Green Factors

Footprint

Circular Economy

Certifications

carbon usage effectiveness

data center infrastructure efficiency
renewable energy factor

cue - Carbon Usage Effectiveness
dcie - Data Center Infrastructure Efficiency
electronics disposal efficiency
efficiency metrics

electronics disposal efficiency
energy consumption

energy efficiency

energy reuse effectiveness
energy use

energy used

energy reuse effectiveness
green energy coefficient

green energy coefficient

metric

power usage effectiveness
power usage effectiveness

ref- Renewable Energy Factor
sustainability metrics

water consumption

water usage
water usage effectiveness
wue - Water Usage Effectiveness

clean energy
environmental policy
environmental report
geothermal
geothermal energy
hydro

hydroelectric

recycle heat
renewable energy
renewables

solar

solarenergy

water conservation
wind

wind energy

carbon

carbon emissions

carbon footprint

carbon free

carbon neutral

carbon reduction

climate neutral

co2 emission
decarbonisation
decarbonizing

dioxide

emission

emissions
environmental footprints
environmental impacts
footprint

greenhouse

greenhouse gas emissions
low carbon

circular

circular economy
disposal

dispose

e-waste management
life cycle assessment
lifecycles

recycle

recycled

repair

repairing

repairs

reuse

reused

waste

certified energy efficient datacenter award
green globes building certification

materials analytical services certified green
building energy innovators council

building energy innovators council

ceeda

certification

certified

certified recycling company

climate neutral data center

climate neutral data center pact

fossil free data

ghi

green building initiative

green certification

iso 14001

iso 14040

iso 50001

iso 14001

iso 50001

leadership in energy and environmental design
leadership in energy and environmental design
mas certified green (Materials Analytical Services) Certified
Green® certifies low VOC (volatile organic compound)
emitting products and materials

sustainability certification




Preliminary Results
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water usage effectiveness
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Green Factors

renewable energy
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Footprint

greenhouse

emission OW Ca rbon
dioxide C a I O | I
climate neutral decarbonisation

environmental impacts



Circular Economy

© recycle lifecycles
circular
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Certifications

sustainability certification

1s0 14001
certified

1so 50001
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Rank 2022

Etichettediriga Rank 2 Metrics 3 Green Factors 4 Footprint | 5 Circular | 6 Certifications |Totale
Economy

Nlyte Software 1 13,88 2,08 5,30 4,51 12,81 38,58
DigiPlex 2 6,71 10,43 9,39 5,31 3,38 35,23
[CONAPTO ﬂ 3 2,17 10,59 7,28 4,35 6,38 30,77
Lamda Hellix | 4 11,87 3,56 6,22 1,36 5,06 28,07
Echelon Data Centres [I 5 3,62 5,68 10,58 6,32 26,20
Lefdal Mine Data Center 6 5,49 5,67 8,33 2,54 1,67 23,70
Green Mountain Data Center | 7 4,27 5,98 5,81 5,63 1,30 22,99
[Dassault Systemes (DELMIAworks) 8 1,30 3,60 8,80 8,38 0,61 22,69
Atos 9 1,06 4,26 7,65 6,21 0,88 20,06
Submer 10 11,20 0,29 5,81 2,15 0,22 19,67
Tele2 AB 11 1,96 2,18 8,19 6,14 0,14 18,61
Telia Company AB 12 0,49 2,91 9,15 5,81 0,10 18,44
Google 13 1,77 3,74 6,66 4,33 1,70 18,20
IBM 14 6,50 5,99 4,80 0,60 17,89
Turk Telecom 15 2,86 4,43 5,80 2,20 2,51 17,81
EnerKey 16 3,28 1,27 5,32 5,53 2,35 17,75
Vodafone Group Plc | 17 1,30 1,92 5,66 7,38 1,28 17,55
Ark Data Centres 18 3,97 2,06 6,44 1,40 3,22 17,10
Kao Data 19 2,25 3,93 6,81 3,89 16,87
Capacity Media 20 2,37 1,48 8,07 1,97 2,26 16,15
Verne Global 21 11,15 3,99 0,51 15,65
HPE 22 1,59 2,37 3,74 6,93 0,50 15,12
Workspace Technology 23 4,31 1,37 6,62 1,57 1,21 15,07
Telenor Group 24 1,03 4,80 7,52 1,56 14,90
|Orange 25 1,31 2,01 5,13 6,15 0,12 14,71
|EcoDataCenter 26 3,91 3,39 4,63 1,02 1,18 14,12
NDC-GARBE 27 5,34 3,30 3,75 1,71 14,09
Cisco Systems 28 0,87 2,28 5,29 4,39 0,67 13,50
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Results 2024

Etichette diriga Rank 2.Metrics  3.Greenfactors 4.Foorprint 5. Circular Economy 6. Certifications Total
onapto AB | 1 0,6 6,0 5,0 1,8 7,1 d 20,6
AQ Compute 2 2,9 6,0 6,2 3,3 1,7 20,0
atNorth 3 0,6 6,9 5,4 2,7 1,5 17,2
Elisa Oyj 4 1,2 3,6 6,4 3,7 1,9 16,8
Engie 5 0,7 8,1 5,2 2,8 16,6
Nabiax 6 6,5 0,7 2,6 2,4 2,6 14,9
Ereen Mountain Data Center | 7 1,5 4,8 3,0 3,6 1,8 14,7
chelon Data Centres 8 1,7 3,3 5,8 3,3 0,4 14,5
Etix Everywhere 9 2,0 2,9 4,8 2,4 2,4 14,5
Hostelyon 10 2,0 2,9 4,8 2,4 2,4 14,5
Iron Mountain Data Centers 11 1,4 4,1 1,8 4,4 2,0 13,7
TELEHOUSE Europe 12 1,9 4,0 4,3 1,2 1,9 13,3
[EcoDataCenter | 13 2,7 4,1 2,7 2,6 1,1 13,2
Serverfarm 14 0,9 3,9 5,0 2,0 1,4 13,1
Borealis Data Center 15 2,3 6,6 1,8 1,6 0,5 12,9
Aruba 16 0,5 6,4 1,1 0,6 4,0 12,6
QTS Data Centers 17 2,5 5,2 1,7 1,0 1,8 12,3
EdgeCore 18 2,2 3,4 1,0 0,7 4,8 12,1
DATA4 19 2,0 0,9 1,8 1,8 5,2 11,7
Verne Global 20 1,9 3,0 2,2 1,1 3,4 11,6
Yondr Group 21 1,9 4,7 2,0 2,2 0,9 11,6
STACK INFRASTRUCTURE 22 0,2 4,4 1,7 1,8 3,2 11,3
[Vodafone | 23 0,2 4,0 1,7 4,0 0,5 10,5
RENTELECOM 24 0,5 5,4 2,9 1,0 0,8 10,5
Datum Datacentres Ltd 25 1,5 3,9 1,1 1,8 2,1 10,5
Bulk Infrastructure 26 1,5 4,0 2,8 1,5 0,4 10,2
Global Switch 27 2,2 0,9 1,7 1,3 3,8 10,0
CBRE 28 0,5 3,7 2,7 1,4 1,6 9,9
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TF-IDF distribution: a comparison
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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
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« 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

Corporate Digital Responsibility

Table 3 CDR topics categorized according to the ESG framework

Environmental Social Governance
1. Energy and 1. Digital cohesion 1. Reliability of sys-
carbon footprint tem

2. Digital waste

2. Digital influence
3. Digital well-
being

4. Digital empower-
ment

5. Socially compati-

ble automation
6. Unbiased Al
7. Digital self

8. Digital inclusion

9. Digital surveil-
lance

10. Digital freedom

2. Data transparency
3. Data collection and
storage

4. Data ownership and
privacy

5. Data responsibility
and stewardship

6. Data security

7. Data usage and
accessibility

8. Robot ethics

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 sostenibilita
2024) identified by [ISole240re 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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“Equis IT / data management strategy
Firms with cloud Firms managing in-
computing strategy house data centers
No

Yes Yes

# of firms: 31
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addresses IT sustainability

Under

No .\ development

Yes

# of firms: 31



ST Measured adopted to reduce environmental
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impacts of in-house datacenters

Firms managing in-
house data centers

0]
e eeoisaton - N -
consolidation
Memaioes - N [ Yes
technologies 5
Solar panel -1

None -1
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# of firms: 31 ]
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management impacts
Firms measuring Firms adopting strategies to reduce environmental
IT carbon footprint impacts of data management

No
No

Firms using technologies/tools
to measure environmental
impacts of IT operations

Yes

Yes

# of firms: 31
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sustainability of IT operations

Costs | s
Technological limitations || GG
Regulatory compliance | NG
Lack of competences | NG :

Path that must be approached with due time
and attention

Not a priority (size) [+

# of firms: 31
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IT practices in the next 1-3 years

No _ s Uncertain

Yes

# of firms: 31
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* 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)



