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Moving bits instead of atoms

§ dematerializzazione
§ riduzione dei consumi
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Potenziali riduzioni di consumi per settore
§ Manifatturiero: 25-30%
§ Trasporti: 26%
§ Edifici: 5-15%

Fonte: Ad-hoc Advisory Group “ICT for Energy Efficiency“ 
of the European Commission DG INFSO, 2008.



Telecomunicazioni come bene primario
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Connettività, 
elettricità e 
acqua

6 WORLD DEVELOPMENT REPORT 2016

nearly 70 percent own a mobile phone. The lowest 
mobile penetration is in Sub-Saharan Africa (73 per-
cent), against 98 percent in high-income countries. 
But internet adoption lags behind considerably: only 
31 percent of the population in developing countries 
had access in 2014, against 80 percent in high-income 
countries. China has the largest number of internet 
users, followed by the United States, with India, Japan, 
and Brazil fi lling out the top fi ve. The world viewed 
from the perspective of the number of internet users 
looks more equal than when scaled by income (map 
O.1)—refl ecting the internet’s rapid globalization.

Connected businesses
Internet adoption has increased across businesses in 
all country income groups. Nearly 9 of 10 businesses 
in high-income OECD (Organisation for Economic 
Co-operation and Development) countries had a 
broadband internet connection in 2010–14, compared 
with 7 for middle-income countries and 4 for low-in-
come countries. But adoption rates for more sophisti-
cated technologies such as secure servers, enterprise 
network, inventory management, and e-commerce 
are much lower in most developing countries. 

Connected governments
Governments are increasingly going digital, and a 
greater share of government jobs in developing coun-
tries is ICT-intensive than in the private sector. By 2014, 
all 193 member states of the United Nations (UN) had 
national websites: 101 enabled citizens to create per-
sonal online accounts, 73 to fi le income taxes, and 60 
to register a business. For the most common core gov-
ernment administrative systems, 190 member states 
had automated fi nancial management, 179 used such 
systems for customs processing, and 159 for tax man-
agement. And 148 of them had some form of digital 
identifi cation, and 20 had multipurpose digital iden-
tifi cation platforms. So far, developing countries have 
invested more in automating back-offi ce functions 
than in services directed at citizens and businesses.

The divide in digital access and use 
persists
The lives of the majority of the world’s people remain 
largely untouched by the digital revolution. Only 
around 15 percent can afford access to broadband 
internet. Mobile phones, reaching almost four-fi fths 
of the world’s people, provide the main form of inter-
net access in developing countries. But even then, 
nearly 2 billion people do not own a mobile phone, 
and nearly 60 percent of the world’s population has no 
access to the internet. The world’s offl ine population is 

of information around the world (fi gure O.4, panel b). 
But while the internet has reached almost all coun-
tries quickly, the intensity of its use has been lower 
in poorer countries—in large part because it has not 
spread as widely within those countries. And despite 
many great examples of the uses of new technologies 
in developing countries, advanced economies have 
been using them even more effectively.5 

Connected people
On average, 8 in 10 individuals in the developing world 
own a mobile phone, and the number is steadily ris-
ing. Even among the bottom fi fth of the population, 

Sources: World Development Indicators (World Bank, various years); WDR 2016 team; http://www
.internetlivestats.com/one-second/ (as compiled on April 4, 2015). Data at http://bit.do/WDR2016-FigO_4.

Note:  In panel a, for some years data for electricity are interpolated from available data. GB = gigabytes. 

b. A typical day in the life of the internet

Figure O.4 Digital transformation in action
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«Nei Paesi in via di sviluppo, il 
numero di abitazioni che 
possiedono uno smart-phone
supera quello di chi ha accesso 
all’acqua potabile o all’elettricità»

Fonte: “World Development Report 2016: Digital 
Dividends,” The World Bank Group, 2016



Data tsunami
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Fonte: Cisco VNI, 2017



Data tsunami
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Fonte: Cisco VNI, 2017

Ogni mese l’equivalente di:
• Un video HD della durata di 

12,000,000 anni
• 1,000,000 volte il contenuto della 

biblioteca del Congresso in USA

250000000000000000000 byte/mese



Data tsunami
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§ Servizi multimediali
§ Macchine e sistemi digitali

(più di 20 miliardi)



Data tsunami
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Triplica in soli 5 anni!

§ Servizi multimediali
§ Macchine e sistemi digitali

(più di 20 miliardi)



Covid e servizi Internet
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Fonte: Fastly, How COVID-19 is affecting internet performance, Aprile 2020
https://www.fastly.com/blog/how-covid-19-is-affecting-internet-performance

Numero di richieste di servizio al secondo

Gen-Feb

Feb-Mar



In Italia
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Fonte: Fastly, How COVID-19 is affecting internet performance, Aprile 2020
https://www.fastly.com/blog/how-covid-19-is-affecting-internet-performance

traffico di Internet

diffusione
pandemia

velocità in download
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Climate Change, 2016). We performed both a linear and exponen-
tial fit to the data shown in Fig. 7. The coefficient of determination
R2 of the exponential fit was 0.9978 and 0.9957, with an average
annual growth rate of 8.1% and 7.0% for the minimum and
maximum curves respectively. The R2 of the linear fit, on the other
hand, was 0.9857 and 0.9930, for the minimum and maximum fits
respectively. Although the exponential fit is slightly higher and
more realistic, we show both fits on Fig. 7 to offer a lower bound of
our projections. Both exponential fits predict that by 2040, the ICT
carbon footprint could account for as much as 14% of the total
worldwide footprint at the 2016 level, and hence exceed the
current relative footprint of the Agriculture sector (9%), and almost
half of the current total footprint of the industrial sector (29%) in
the United States (U.S. Environmental Protection Agency, 2017).

It's interesting to note that the gap between the minimum and
maximum projection for the exponential fit appears to close at
around year 2035. We remind the reader that the gap between the
minimum and maximum projections is due primarily to our large
uncertainty about the lifecycle annual footprint of computers
(desktops and laptops) and displays. The total combined relative
contribution of those devices declined from 35% in 2010 to 20% in
2020, and is expected to continue to decline beyond 2020, and
hence it's reasonable to expect the gap between the minimum and
maximum projections to eventually become negligible. Our expo-
nential projections through 2040 shows a crossover where the
minimum curve surpasses the maximum curve. We surmise this
behavior as an artifact of the exponential fit, and the increased error
that is inherent to extrapolations over such a long time scale in
general. The key message of the exercise however is that both the
minimum and maximum projections suggest that continued
exponential growth of the ICT footprint, if unchecked, will reach as
high as 14% of the total worldwide footprint, a clearly unacceptable
level as it will definitely undermine any reductions achieved from
the other GHGE emissions sources.

On the other hand, the linear fits show an increase to 6% and 7%
for the minimum and maximum projections respectively. While a
linear fit is unrealistically conservative, it still shows almost a
doubling of the relative contribution of ICT from 2020 levels and
a 10-fold increase from the 2007 levels. It's arguable that an

incremental increase of 6% of the global levels of CO2-e emissions
from ICT might still seriously undermine the global efforts to curb
GHGE emissions overall.

6. Discussion & limitations

The above analysis of the growing impact of ICT industry on the
global carbon footprint takes into precise and methodical account
the impact of the production footprint in addition to the energy
consumption of the ICT devices. It also accounts and highlights for
the first time the contribution of smart phones to the overall
impact. While most of the reviewed literature has focused on the
impact of personal computers, and mostly desktops, we found that
by 2020, the contribution of PC's (including desktops and note-
books) accounts for no more than 13% of the total ICT impact, and is
expected to continue to decline in relative terms beyond 2020, with
most of the decline coming from the desktops sector, which
dropped from 18% in 2010 to 7% in 2020, while notebooks dropped
from a relative contribution of 8%e6% in the same period. Displays
continue to contribute significantly to the overall footprint where
they dropped from an overall 9%e7% in the same 10-year period.

The big surprise however in our findings is the disproportionate
impact of smart phones by 2020, and its vertiginous growth from
4% in 2010 to 11% in 2020 in relative terms. In absolute terms, the
GHGE emissions of smart phones grew from about 17MteCO2-e in
2010 to 125MteCO2-e in 2020, representing a 730% increase in the
span of 10 years. This impact is clearly driven by the fact that the
production energy makes up 85e95% of its lifecycle annual foot-
print, driven by the short average useful life of smart phones of 2
years, which is driven by the telecom membership business model.
Clearly this business model, while highly profitable to the smart
phone manufacturers and the telecom industry, is unsustainable
and quite detrimental to the global efforts in GHGE reductions.

Furthermore, the contribution of the ICT infrastructure makes
up the lion share of the overall industry impact, growing from 61%
in 2010 to 79% in 2020. Most of that relative growth comes from the
data center industry, which as we move increasingly into a digital
age, has become the backbone of both the Internet as well as the
telecom industry, and grew its contribution to the overall footprint

Fig. 7. ICT footprint as a percentage of total footprint projected through 2040 using both an exponential and linear fits.

L. Belkhir, A. Elmeligi / Journal of Cleaner Production 177 (2018) 448e463458

Fonte: Lotfi Belkhir, Ahmed Elmeligi, ‘’Assessing ICT 
global emissions footprint: Trends to 2040 & 
recommendations”, Elsevier Journal of Cleaner 
Production 177 (2018) 448-463 

Dal 
4% al 14%
in 20 anni! emissioni di

gas serra

È sostenibile? 



Data center
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• Il data center di China Telecom è più grande di 100 campi da calcio
• In USA, solo i data center consumano il 3% del totale di elettricità
• Raddoppia in 4 anni 
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Reti di accesso 
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• 7 milioni di siti nel mondo
• Il 50% dei costi vivi degli operatori per 

alimentare i dispositivi

13



Non solo consumi: e-waste
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pari a 4500  
torri Eiffel 

• solo il 20% è riciclato
• il resto... chi lo sa?!

Fonte: Baldé, C.P., Forti V., Gray, V., Kuehr, R., Stegmann,P. : The Global E-waste Monitor – 2017, United 
Nations University (UNU), International Telecommunication Union (ITU) & International Solid Waste 
Association (ISWA). 



E-waste
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Cosa fare? 

§ Consumare meno, consumare meglio
à uso di rinnovabili

§ Strategico anche per 
– situazioni di emergenza à elettricità non disponibile
– Paesi in via di sviluppo à rete elettrica non affidabile/esistente

Michela Meo – 18 Gennaio 2021 16



Cosa fare?
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§ Servono politiche, leggi e regole per 
– incentivare l’adozione di tecnologie e pratiche sostenibili
– ridurre il turn-over dei dispositivi 
– gestire la dismissione dei dispositivi
– promuovere un uso consapevole delle tecnologie
– … 



European Green Deal 

§ Stato dell’Unione (Settembre 16, 2020), approvato dal consiglio europeo
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“the European Commission is proposing to increase the 2030 
target for emission reduction to at least 55%. […] 

The 2030 target is ambitious, achievable, and beneficial for Europe.”

What is the
European Green Deal?

“The European Green Deal is our new growth strategy.
It will help us cut emissions while creating jobs.”

Ursula von der Leyen, President of the European Commission

“We propose a green and inclusive transition to help 
improve people’s well-being and secure a healthy planet 
for generations to come.”
Frans Timmermans, Executive Vice-President of the European Commission

December 2019

#EUGreenDeal

93%
of Europeans see 
climate change as 
a serious problem

93%
of Europeans have taken 
at least one action
to tackle climate change

79%
agree that taking action 
on climate change will 
lead to innovation

The European Green Deal is about improving the well-being of people. Making 
Europe climate-neutral and protecting our natural habitat will be good for people, 
NJ?LCR�?LB�CAMLMKW��,M�MLC�UGJJ�@C�JCȓ�@CFGLB��

The EU will:

Become 
climate-neutral 
by 2050

Protect human life, 
animals and plants, 
by cutting pollution

Help companies 
become world leaders 
in clean products and 
technologies

Help ensure a 
just and inclusive 
transition



Non solo un problema di sostenibilità… ma di (aumento dei) divari
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Tra individui
à Persone con/senza competenze digitali
à Tra generazioni
à Persone con/senza accesso alle tecnologie 

Tra Paesi o gruppi
à Paesi ricchi e poveri (con/senza infrastrutture)
à Gruppi che possono investire rinforzano le proprie 

posizioni dominanti
à Paesi dinamici/lenti ad adattarsi alle trasformazioni

Fonte: Rapport Oxfam, “ Rapporto Oxfam "Ricompensare il 
lavoro, non la ricchezza”, Novembre 2017 



Non solo un problema di sostenibilità… ma di (aumento dei) divari
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Tra individui
à Persone con/senza competenze digitali
à Tra generazioni
à Persone con/senza accesso alle tecnologie 

Tra Paesi o gruppi
à Paesi ricchi e poveri (con/senza infrastrutture)
à Gruppi che possono investire rinforzano le proprie 

posizioni dominanti
à Paesi dinamici/lenti ad adattarsi alle trasformazioni

L’1% più ricco della popolazione detiene più
ricchezza del restante 99%

I 62 più ricchi al mondo hanno più risorse del 3,5 
miliardi di poveri

Nei prossimi 20 anni le 500 persone più ricche del 
pianeta lasceranno ai propri eredi un ammontare
superiore al Pil dell’India

Fonte: Rapport Oxfam, “ Rapporto Oxfam "Ricompensare il 
lavoro, non la ricchezza”, Novembre 2017 
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equa e inclusiva

Grandi opportunità di crescita e di sviluppo di ricchezza
ma limiti da affrontare urgentemente, 
affinché sia una crescita

sostenibile
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