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Joint Research

* The project was financed by Regione del Veneto
and University of Padova through Unimpresa fund.

* Shared interest in understanding the impact of
digital infrastructures with a focus on data centers.
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Under the hood of cloud computing

DI PADOVA

-
E
7
=<1
=
2
Z

-}

W

S/ DEGLI STUDI




12222022 UNIVERSITA
8”() DEGLI STUDI
ANN I DI PADOVA
Volume of data/information created, captured, copied, and consumed worldwide from
2010 to 2025 (in zettabytes)
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ICT Global GHGE Footprint Relative to the Total Global Footprint

2007 - 2020
4-00/0 l 2'400
MViin Estimate (% of Total) :
- :
P 3.5% el [\ax Estimate (% of Total) ! 20
= ,
g_ * Min Estimate (Mt-CO2-eq '
§ 3.0% ==+ Max Estimate (Mt-CO2-eq) } 1,800
w
O
5 25% 1,500
= 4 o
©
£ | . & 5
5 2.0% i 1,200 3
s T . @ =
R/ !
%5 1.5% =3 900
o !
-
© . == A l
€ 1.0% -5 P 1 600
o - . = o :
g ¥+ K ey Actual g — Projected
a. b * ‘ ’ '
0.5% I 300
0.0% i

2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020

Source: Belkhir e Elmeligi (2018)



UNIVERSITA
DEGLI STUDI
DI PADOVA

Relative Contributions of ICT Categories - 2010
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Estimates for global DT carbon
footprint in 2020
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Global ICT's Carbon Footprint in 2020
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Electricity consumption

Annual Electricity Consumption
In million megawatt-hours

All household lighting in the U.S. 62
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Google

The state of Maine
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Facebook

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

Source: Bergen, 2022



Objectives

* Analyze the initiatives of European Data Centers
(DT) on environmental sustainability (EV)

* |dentify DT managers’ priority in terms EV

* Define metrics and actions to improve the
sustainability of DT
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* Data centers is a relatively new and overlooked
industry in the management field

* We could not find recommendation on actions or
best practice to follow unless in the grey literature
(European Union Join papers, industry association
initiatives)

* Large digital companies shape the evolution of data
center and have high level of secrecy (no data is
available, no disclosure of information)



Our research strategy

* Focus group with Italian DT managers to identify
priorities and policies implemented

* Survey on DT managers in Europe
* Text analysis of website of the DT in Europe
* Life Cycle Assessment of Vsix data center (Unipd)
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The methodology

 \We obtained the list of 549
data centers from different

sources/databases:

1. https://www.datacentermap.com

2. https://www.impresaitalia.info;

3. list of companies that are part of the
European Data Centre Association
(EUDCA);

4. https://cispe.cloud/members (CISPE’s
members101);

5. https://sciencebasedtargets.org/compa

nies-taking-action

* Online questionnaire
targeted to
managers/owners of DC

e 74 data centers answered
(13%)



https://www.datacentermap.com/
https://www.impresaitalia.info/
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Design principles in DC

Level of automation of operations

Technological innovation

Costs

Environmental sustainability

Connectivity

Energy efficiency

Security
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Green factors in DC design

Circular economy in ewaste
management

Life cycle of data center

Green technology investment

Renewable energy use

Data center PUE

Overall environmental impact

Total energy consumption

Cooling design efficiencies
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Commitments on ES
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Collaboration with ESG research providers || NN 10.64%
The Green Grid |G 12.77%
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LEED-certified building or Green Globes cettification ||| |} b} I NEGEGEG 14 2°%
Other |G 1o, 15%
RE100 (100% renewables) [ NEGTNGEGEGEGEGEGEEEEEEEEEEE 2:40%
Climate Neutra Data Centre Pact || NG 2:40%
Science-based carbon reduction or Carbon Disclosure Project || NG 2 53%
ISO 14001 or IS0 50001 or ISO 14040 [, (0 43%

0,00% 500% 10,00% 15,00% 20,00% 2500% 30,00% 3500% 40,00% 45,00%

N=47



= JSER |
DC renovation rate

Every year [ 9,52%
2-3 years | 19,05%
45 years | 7,62%

More than 5 years [ NERNRGG 23,81%
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Ultrasonic humidification

Other

Evaporative cooling

Reusing waste heat

Modular data center

LOW-pOWG rservers

Free air cooling

dSEA
Green DT Initiatives
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Re newables

No renewables 19,15%

Developing/considering 23,40%

Hydroelectric energy 34,04%

Wind 42,55%

Solar power 44,68%
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Life Cycle Assessment (LCA)
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Circular economy

Recycle internally without following any o
standards B 7,14%

Partner with an electronics recycling o
company that is not certified ] 7,14%

Dispose of the hardware without recycling [l 9,52%

Recycle internally according to standards || N NG 28,57%
Partner with a certified electronics recycling _ 38,10%
Resell the hardware | 47,62 %

Reuse or repurpose the hardware at your ] 0
business 47,62%
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Commitments

Carbon negative [RmOVE N $1 billion climate JE ook

historical carbon . ;
by 2030 emissions by 2050 innovation fund

DATACENTER v = SERVIZI = CONNETTIVITA =~ ENERGIA  INFRASTRUTTURA v  CERTIFICAZIONI = CONTATTI v

GREEN DATA CENTER
GRAZIE ALLE FONTI RINNOVABILI

Il tuo progetto non costa all'ambiente grazie all'acquisto di energia a Garanzia di Origine (GO) e
all'autoproduzione da fonti rinnovabili.

[ Scopri come ci siamo riusciti ‘

PRESS RELEASE
July 21, 2020

Apple commits to be 100 Dot et

percent carbon neutral for its RINNOVABIL IDROELETTRICA FOTOVOLTAICA

supply chain and products
by 2030

0y = @

AIMING FOR CARBON FREE BY 2030

Our most ambitious decade of climate action yet
Already carbon neutral today for corporate emissions worldwide,

the company plans to bring its entire carbon footprint to net zero
20 years sooner than IPCC targets
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Conclusions

Data centers have made investments in ES through:
 efficiency

* Increasing use of energy from renewable sources (solar,
wind).

Still little awareness of upstream and downstream steps
in the use of electronic product.

Limited use of LCA and circular economy

Focus on the use phase of the DT



