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Moving bits instead of atoms

§ Tecnologie dell’informazione e delle 
comunicazioni (ICT) 
– 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.



Emissioni del settore ICT

Michela Meo – 25 Maggio 2023 3

Fonte: C. Freitag et al., “The climate impact of ICT: A review of estimates, trends 
and regulations,” arXiv:2102.02622v1 [physics.soc-ph], Dec. 2020

2.1-3.9% del totaleModelli diversi
• Metodologia Life Cycle Assessment (LCA)
• Definizione dei vari ambiti
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Figure 2.3 PURSRUWLRQaO bUeaNdRZQ Rf ICT¶V caUbRQ fRRWSULQW, excluding TV. A&E¶V BeVW CaVe LV dLVSOa\ed becaXVe 
more recent analysis by the lead author suggest that this scenario is most realistic for 2020. NRWe WKaW MaOPRdLQ¶V 
eVWLPaWe Rf WKe VKaUe Rf XVeU deYLceV LV KLgKeVW; WKLV LV PRVWO\ becaXVe MaOPRdLQ¶V QeWZRUN aQd daWa ceQWUe 
estimates are lower than those of the other studies. 

Regarding data centres, Belkhir himself noted that his projection of 495 MtCO2e for 
data centres in 2020 is overestimated [personal communication]. Recent evidence by 
Masanet et al. [2020] of 205 TWh total energy use in 2018 seems to converge with 
MaOPRGLQ¶V HVWLPaWH of 127 MtCO2e in 2020. Assuming a global electricity mix at 0.63 
kgCO2e/kWh, MaVaQHW HW aO.¶V HVWLPaWH comes to ca. 129 MtCO2e ± KLJKHU WKaQ A&E¶V 
best case estimate of 217 MtCO2e. 

 
Studies systematically underestimate the carbon footprint of ICT due to 
truncation error 
MaOPRGLQ¶V VWXGLHV aUH WKH PRVW cRPSUHKHQVLYH aV WKH\ LQcOXGH RSHUaWRU acWLYLWLHV 
and overheads (e.g. offices and vehicles used by data centre and network operators), 
as well as considering the full lifecycle emissions of equipment (i.e. from production, 
use, to disposal) rather than just production energy (A&E) or only material extraction 
and manufacturing energy (B&E). 

However, A&E, B&E and M&L all follow Life Cycle Analysis (LCA) methodology which 
is unable to include the infinite number of supply chain pathways of a product, thereby 
LQcXUULQJ µWUXQcaWLRQ HUURU¶ LQ WKHLU caUbRQ accRXQWLQJ. TKH\ aOVR do not consider the 
full carbon footprint of electricity used to run ICT equipment. This can be rectified by 
combining LCA with Environmentally Extended Input Output (EEIO) methodologies ± 
WaNLQJ LQWR ICT¶V VcRSH 1, 2 and 3 emissions ± and adjusting the carbon intensity factor 
of electricity. When these omissions are adjusted for truncation error (see Appendix 
F), the carbon footprint for ICT, including TVs and other consumer electronics, rises 
to 1.2-2.2 GtCO2e (2.1-3.9% of global GHG emissions) in 2020 with ca. 30% coming 
from embodied emissions and 70% from use phase emissions. We stress once more 
that these are rough estimates with a significant degree of uncertainty. 

 
2.1.2 ICT¶V IXWXUH caUbRQ IRRWSULQW 
There is broad agreement by analysts in the field on certain key assumptions. 

x TKH ZRUOG¶V caUbRQ IRRWSULQW QHHGV WR GHcUHaVH WR aYRLG cOLPaWH caWaVWURSKH; 
x Data traffic is continuing to grow; 
x Energy demand by ICT is increasing;  
x Demand for data centres and network services will increase; 



Servizi di enorme successo
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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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Fonte: “World Development Report 2016: Digital 
Dividends,” The World Bank Group, 2016
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Connettività, 
elettricità e 
acqua
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ICT come bene primario
«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
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White paper
Cisco public

B. Shifts in mix of devices and connections
Globally, devices and connections are growing faster (10 percent CAGR) than both the population (1.0 percent CAGR) 
and the Internet users (6 percent CAGR). This trend is accelerating the increase in the average number of devices and 
connections per household and per capita. Each year, various new devices in different form factors with increased 
capabilities and intelligence are introduced and adopted in the market. A growing number of M2M applications, 
such as smart meters, video surveillance, healthcare monitoring, transportation, and package or asset tracking, are 
contributing in a major way to the growth of devices and connections. By 2023, M2M connections will be half or 
��ãSHUFHQW�RI�WKH�WRWDO�GHYLFHV�DQG�FRQQHFWLRQV��

M2M connections will be the fastest-growing device and connections category, growing nearly 2.4-fold during the 
forecast period (19 percent CAGR) to 14.7 billion connections by 2023.

6PDUWSKRQHV�ZLOO�JURZ�WKH�VHFRQG�IDVWHVW��DW�D���SHUFHQW�&$*5��LQFUHDVLQJ�E\�D�IDFWRU�RI�������&RQQHFWHG�79V��ZKLFK�
LQFOXGH�IODW�SDQHO�79V��VHW�WRS�ER[HV��GLJLWDO�PHGLD�DGDSWHUV�>'0$V@��%OX�UD\�GLVF�SOD\HUV��DQG�JDPLQJ�FRQVROHV��ZLOO�
grow next fastest (at a little less than a 6 percent CAGR), to 3.2 billion by 2023. PCs will continue to decline (a 2.3 
percent decline) over the forecast period. However, there will more PCs than tablets throughout the forecast period 
and by the end of 2023 (1.2 billion PCs vs. 840 million tablets).

By 2023, the consumer share of the total devices, including both fixed and mobile devices, will be 74 percent, with 
business claiming the remaining 26 percent. Consumer share will grow at a slightly slower rate, at a 9.1 percent 
CAGR relative to the business segment, which will grow at a 12.0 percent CAGR.

Figure 2. Global device and connection growth
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Globally, the average number of devices and connections per capita will grow from 2.4 in 2018 to 3.6 by 2023 (Table 2).

Among the countries that will have the highest average of per capita devices and connections by 2023 are the 
8QLWHGã6WDWHV���������6RXWK�.RUHD���������DQG�-DSDQ��������

© 2020 Cisco and/or its affiliates. All rights reserved.
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• ,3�WUDIILF�LQ�WKH�0LGGOH�(DVW�DQG�$IULFD�ZLOO�UHDFK������(%�SHU�PRQWK�E\�������JURZLQJ�DW�D�&$*5�RI����SHUFHQW��
 - %\�������0($�ZLOO�KDYH�����PLOOLRQ�,QWHUQHW�XVHUV�����SHUFHQW�RI�SRSXODWLRQ���XS�IURP�����PLOOLRQ�����SHUFHQW�RI�

population) in 2017.
 - %\�������0($�ZLOO�KDYH�����ELOOLRQ�QHWZRUNHG�GHYLFHV�FRQQHFWLRQV��XS�IURP�����ELOOLRQ�LQ������
 - %\�������0($·V�DYHUDJH�IL[HG�EURDGEDQG�VSHHG�ZLOO�UHDFK������0ESV������IROG�WR�����IROG�JURZWK�IURP������
�����0ESV�

• IP traffic in Latin America will reach 18.8 EB per month by 2022, growing at a CAGR of 21 percent. 
 - %\�������/$7$0�ZLOO�KDYH�����PLOOLRQ�,QWHUQHW�XVHUV�����SHUFHQW�RI�SRSXODWLRQ���XS�IURP�����PLOOLRQ�����SHUFHQW�

of population) in 2017.
 - %\�������/$7$0�ZLOO�KDYH�����ELOOLRQ�QHWZRUNHG�GHYLFHV�FRQQHFWLRQV��XS�IURP�����ELOOLRQ�LQ������
 - %\�������/$7$0·V�DYHUDJH�IL[HG�EURDGEDQG�VSHHG�ZLOO�UHDFK������0ESV������IROG�JURZWK�IURP������������0ESV��

Forecast overview
The current Cisco Visual Networking Index (VNI) forecast projects global IP traffic to nearly triple from 2017 to 2022. 
The appendix offers a detailed summary.

Overall IP traffic is expected to grow to 396 EB per month by 2022, up from 122 EB per month in 2017, a CAGR 
of 26 percent (Figure 1). This growth represents a slight increase in expectations over last year’s forecast, which 
projected a CAGR of 24 percent from 2016 to 2021, driven by an increase in the growing share of mobile traffic as a 
percentage of the total IP traffic. 

Also, of note in the recent forecast is the growing number of countries whose fixed traffic growth rivals that of their 
mobile traffic growth. United States is the outlier, with a fixed growth of 26 percent in 2017 and a mobile growth of 
��ãSHUFHQW�RYHU�WKH�VDPH�WLPH�SHULRG��-DSDQ��.RUHD��&DQDGD��*HUPDQ\�DQG�6ZHGHQ��DOO�KDYH�IL[HG�JURZWK�WKDW�LV�RQO\�
slightly lower than their mobile growth. The majority of countries still have significantly higher growth rates for mobile 
than for fixed.

Figure 1. Cisco VNI forecasts 396 EB per month of IP traffic by 2022
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For more details about Cisco’s forecasting methodology, refer to the appendix.

Tr
af

fic
o

In
te

rn
et

  
(E

B 
10

^1
8 

By
te

s/
m

es
e)

 video HD di 12 
milioni di anni

x3

Fonte: Cisco VNI, 2017

Data tsunami
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Crescita più veloce che in altri settori
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Figure 2.4 Projections of ICT¶s GHG emissions from 2020. B&E judge their e[ponential scenario as most realistic 
while the linear growth scenario is more conservative and reflects the impact of mitigating actions between now 
and 2040. M&L [2018] did not make concrete estimates beyond 2020, but Malmodin suggests ICT¶s carbon 
footprint in 2020 could halve by 2030 ± offering a 2030 estimate of 365 MtCO2e in a recent techUK talk [Malmodin, 
2020]. 

 
Differences in predictions could be due to age of data used. 
The daWa Xnderl\ing A&E¶s and B&E¶s Zork is somewhat older4 considering ICT¶s fast 
pace of development, meaning their projections are potentially based on historical 
trends that might no longer apply, such as the assumed exponential growth of energy 
consumption by data centre and networks. In contrast, M&L might better capture 
recent changes in emission trends given their estimates are based on data measured 
directly from industry.5 M&L also have the most inclusive scope in terms of ICT 
equipment, lifecycle stages and supply chain emissions considered (see Appendix 
B.2.1). 
 
However, this access to industry data inevitably comes at the price of a lack of data 
interrogatability. Part of Malmodin¶s data was obtained by ICT companies under 
confidentiality agreements, preventing others from reviewing the original data and the 
model¶s assXmpWions and calcXlaWions. There are also potential risks of conflicts of 
interest as both authors work for network operators.6  arguably makes M&L¶s paper 
open to concerns that claims are less reliable due to selective reporting and 
assumptions that cannot be properly assessed. We are not suggesting that they 
cannot be trusted, but the lack of transparency makes independent data and analysis 

 
4 A&E uses some data from 2011 for data centre and networks, while B&E uses data from 2008 for 
data centres and from 2008-2012 for networks. 
5 M&L¶s esWimaWes are based on 2015 daWa; Malmodin¶s more recent estimates provided in personal 
communication are based on data from 2018 onwards. 
6 Malmodin works for Ericsson. Lundén works for Talia. 

Fonte: C. Freitag et al., “The climate impact of ICT: A review of estimates, trends 
and regulations,” arXiv:2102.02622v1 [physics.soc-ph], Dec. 2020

Incertezze nelle
previsioni, ma crescita
comunque rapida!
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Limite di efficienza energe/ca

Rebound effect

Nuove tecnologie (quantum, AI, blockchain, …)



Data center

Michela Meo – 25 Maggio 2023 10

§ I più grandi al mondo 
– China-Telecom, Inner Mongolia 

Information Park: 
150 MW – 120 campi da calcio

– China-Mobile Hohhot DC: 
115 MW

– China-Mobile Harbin DC: 
150 MW

§ In USA corrispondono al 3% dei 
consumi di elettricità 

Fonte: http://worldstopdatacenters.com/power/
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Reti di accesso 
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Fonte: European 5G Observatory

Oltre ai circa 10 milioni di siti pre-5G… 



5G
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§ Maggior numero di antenne
§ Maggiore densità di BS

Fonte: C.-L. I, S. Han, and S. Bian, 
“Energy-efficient 5G for a greener 
future,” Nature Electronics, vol. 3, 
pp. 182–184, Apr. 2020. 

183

comment

mainly due to the higher bandwidth and the 
improvement in spectrum efficiency over 
4G, resulting in an improvement in energy 
efficiency of more than four times compared 
to 4G.

However, the total power consumption of 
the 5G base station is about four times that 
of the 4G. Considering the high deployment 
density of 5G base stations, the overall 
power consumption may be 12 times that 
of 4G networks. This consumption estimate 
cannot be tolerated due to the economic and 
environmental costs involved.

Fundamental trade-o! between energy 
and spectrum e"ciency
To improve the bandwidth efficiency, 
Shannon’s channel capacity theory has 
been implemented and used to develop 
single-input single-output (SISO) systems 
and MIMO (multiple antenna) systems. 
We can consider the relationship between 
energy efficiency and spectrum efficiency 
in a SISO system to be monotonic, where 
a higher spectrum efficiency will always 
lead to a lower energy efficiency (the power 
consumed by the circuit is assumed to be 
zero for simplicity)10. When the circuit 
power is considered in the analysis, however, 
there exists a ‘green point’ on the energy 
efficiency/spectrum efficiency curve, 
where the maximum energy efficiency 
can be achieved (Fig. 1). Compared to a 
SISO system, MIMO is able to enhance 
both energy and spectrum efficiency 
simultaneously.

An alternative approach for the 
implementation of millimetre wave 
(mmWave) massive MIMO systems is 
hybrid analogue/digital beamforming, 
which could relieve the huge burden 
of power consumption and cost in the 
conventional fully digital beamforming 
structure. For example, for a hybrid 
beamforming structure with a transceiver 
number N and a number of antennas per 
transceiver, M, the logarithmic energy 
efficiency at the green points linearly scales 
with spectrum efficiency with same slope 
of the N-transceiver MIMO case. However, 
the energy efficiency performance will 
generally be M times that of the MIMO 

case, since the M antennas per transceiver 
are able to provide a beamforming gain 
of M (ref. 17). The green point energy 
and spectrum efficiency relationship 
of this hybrid beamforming is given by 
η*EE ¼ MhηPA2

"η*SE=N=ðN0ln2Þ
I

, where η*EE
I

, 
h, ηPA

I
, η*SE
I

 and N0 denote the green point 
energy efficiency, channel gain, power 
amplifier efficiency, green point spectrum 
efficiency and noise power spectrum 
density, respectively. Note that the MIMO 
case is defined as M = 1, and SISO case is 
defined as M = N = 1. For the analysis in 
Fig. 1, the bandwidth is 20 MHz, N0 = −173 
dBm Hz−1, h = −100 dB and ηPA

I
 = 0.3.

The energy and spectrum efficiency 
improvement of 5G over 4G can be 
attributed to the introduction of more 
antennas (and hence, circuit power). In 
the future, if the circuit power can be 
further reduced via a more energy-efficient 
implementation, the green point energy 
efficiency will increase but the green point 
spectrum efficiency will decrease. If more 
antennas are introduced to further increase 
both energy and spectrum efficiency, the 
total power consumption will increase too, 
unless the increase of circuit power can be 
well controlled. This point illustrates the 
fundamental reason behind the gigantic 
power consumption of 5G. It is highly 
possible that the spectrum efficiency 
performance will dramatically increase in 
future 6G communications and beyond, 
which signifies that the green point energy 
efficiency will further fall and the power 
consumption will accelerate. If the wireless 
communication industry follows this 
trend, the associated carbon emissions 
will inevitably increase. Therefore, it is 
important for the industry to break the 
spectrum and energy-efficiency trade-off 
and improve the energy-efficiency 
performance while maintaining high 
spectrum efficiency.

Potential solutions for a greener future
To overcome the fundamental limitations 
of the trade-off between the energy and 
spectrum efficiency parameters, various 
technologies have been proposed. We 
highlight here two air-interface technologies: 

NOMA and waveform overlapping 
multiplexing (WOM), which may enable 
the simultaneous increase of both energy 
and spectrum efficiency without increasing 
the antenna number. We also discuss 
energy-efficient network architectures and 
base station implementations.

NOMA is a promising multiple-access 
technique that could improve the 
achievable network capacity (sum 
capacity)6,7. In NOMA schemes, multiple 
users are scheduled on the same time/
frequency resource either in downlink 
or uplink, including cell edge users with 
very poor channel conditions. For the 
case of a downlink two-user NOMA, 
for example, resources can be allocated 
based on the users’ service requirements 
and scheduling algorithms. Therefore, 
the energy-to-spectrum efficiency region 
is upper bounded by the case that all 
transmission power is allocated to the strong 
user and lower bounded by the case that all 
transmission power is allocated to the weak 
user. The relationship between energy and 
spectrum efficiency becomes linear with 
a slope of B/P (ratio of bandwidth to total 
power), indicating that the NOMA system 
is capable of achieving a simultaneous 
improvement in energy and spectrum 
efficiency via power allocation18. This offers 
an opportunity to cope with the challenging 
power consumption issue.

In recent years, several waveform 
overlapping schemes have emerged, such as 
faster-than-Nyquist19 and spectrally efficient 
frequency division multiplexing (SEFDM)20. 
In these WOM schemes, the traditional SISO 
system can be transformed into an effective 
MIMO system, where each waveform is 
analogous to one additional antenna. Note 
that the inter-waveform interference matrix 
does not need to be measured and is readily 
known at the transmitter and the receiver 
via simple signalling. This is quite different 
from the traditional MIMO system where 
the channel matrix needs to be measured. 
Theoretically, WOM offers tremendous 
performance improvements over 
single-antenna systems. However, WOM 
schemes need to overcome many issues in 
practical environments. For example, the 
multipath effects in the fading channels may 
deteriorate the inter-waveform interference 
cancellation performance. Furthermore, 
as MIMO or even massive MIMO is being 
widely deployed in the current networks, the 
WOM schemes may suffer from the severe 
inter-antenna interferences.

To further reduce the system power 
consumption, novel radio access network 
(RAN) architectures have been investigated 
and deployed. For example, the power 
consumption of the air conditioning system 

Table 1 | Comparison between a 4G and a 5G macro base station

Transmission power /bandwidth MIMO Base  
band (W)

RRU 
(W)

Total  
power (W)

Throughput 
(Mbps)

4G LTE (40 W @ 20 MHz) 8T8R 150 950 1,100 120

5G NR (240 W @ 100 MHz) 64T64R 220 4,077 4,297 1,963

The measurements were carried out by China Mobile in 2019, using base stations manufactured by world leading vendors. LTE, long term 
evolution; NR, new radio
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η*EE ¼ MhηPA2

"η*SE=N=ðN0ln2Þ
I

, where η*EE
I

, 
h, ηPA

I
, η*SE
I

 and N0 denote the green point 
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§ Gli operatori si aspettano che con il 5G aumenteranno i
consumi del 150-170% entro il 2026

Fonte: MWC19: Vertiv and 451 Research Survey, February 2019.
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• solo il 20% è riciclato
• il resto... 

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). 

54 9. Urban Mining of E-waste

A large variety of valuable materials and plastics 
are contained in electric and electronic appliances. 
Up to 60 elements from the periodic table can be 
IRXQG�LQ�FRPSOH[�HOHFWURQLFV��DQG�PDQ\�RI�WKHP�DUH�
technically recoverable, though there are economic 
limits set by the market. E-waste contains precious 
metals including gold, silver, copper, platinum, 
and palladium, but it also contains valuable bulky 
materials such as iron and aluminium, along with 
plastics that can be recycled. Overall, UNU estimates 
that the resource perspective for secondary raw 
materials of e-waste is worth 55 Billion € of raw 
materials. 

EEE also contains rare earth, hazardous, and scarce 
metals. Common hazardous materials found 
in e-waste are: heavy metals (such as mercury, 
lead, cadmium etc.) and chemicals (such as CFCs/
FKORURȵXRURFDUERQ�RU�YDULRXV�ȵDPH�UHWDUGDQWV���

Material NLORWRQV��NW� Million €

Fe 16,283 3,582

Cu 2,164 9,524

Al 2,472 3,585

Ag 1.6 884

Au 0.5 18,840

Pd 0.2 3,369

Plastics 12,230 15,043

Table 9.1: Potential value of raw materials in 
e-waste in 2016

ΖW�LV�H[WUHPHO\�LPSRUWDQW�WR�WUHDW�H�ZDVWH�DGHTXDWHO\�
in order to prevent the health and environmental 
risks that the hazardous substances contained in 
e-waste can pose. Proper management systems 
of e-waste also need to be established to allow for 
the recovery of the impressive value of precious 
and valuable materials contained in discarded 
HTXLSPHQW��ΖQ�RUGHU�WR�H[SORLW�WKLV�RSSRUWXQLW\�DQG�
simultaneously mitigate pollution, good policies are 
needed to facilitate the creation of an infrastructure 
and encourage the recovery of valuable materials.

One might think that the selling price of new EEE 
UHȵHFWV� WKH� LQWULQVLF� YDOXH� RI� WKH� PDWHULDOV� IURP�
which EEE are made. However, this is not fully true. 
For instance, the average selling price for a new 
smartphone worldwide in 2016 was around € 200 
(ITU, 2016a). The average selling price for a used 
smartphone in the same year was € 118 (McCollum, 
2017). However, based on UNU estimates, the 
intrinsic value of precious metals and plastics 
contained in a mobile phone of an average weight 
of 90 grams is € 2 per piece. Thus, the raw material 
value is a relatively small amount compared to 
the second-hand or new price. In 2016, around 
435 kiloton (kt) of wasted mobile phones were 
generated across the globe. This means that the 
value of raw materials in wasted mobile phones 
was 9.4 Billion €. However, if all phones had a 
longer life span and could enter a second-hand 
market, the value could be even higher.

The current e-waste recycling indicators focus on 
percentages of recycled materials. However, in 
the previously illustrated result, a mass-based 
recycling indicator might show only a part of the 
UHVRXUFH�HɝFLHQF\�VWRU\��ΖQ�WKLV�UHJDUG��DQ�LQGLFDWRU�
based on the monetary value of resources could 
be preferred over the indicators based on mass 
development that are used so far (Di Maio et 

Illustration 9.1: Potential value of raw materials in e-waste in 2016

push

Estimated value of raw materials at

Valore potenziale dei materiali

pari a 4500  
torri Eiffel 
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Agbogbloshie, Accra, Ghana
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Fonte: “Policy Pathways for the New Economy Shaping 
Economic Policy”, World Economic Forum, Novembre 2019.

Polarizzazione del lavoro (1993-2010)
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The Future of Labour Policy

are set to expand their use of contractors 
doing task-specialized work, engaging 
workers in a more flexible manner, 
utilizing remote staffing beyond physical 
offices and decentralizing operations.6 
According to a recent report by the 
European Commission, part-time and 
temporary employment increased from 
12.5% to 15.8% in the European Union 
since 2002 and whereby 2% of adults 
across 14 EU member states are now 
relying on platform work as their main 
source of income.7 This increasing 
diversity in working arrangements 
can be attributed to both choice and 
necessity on the part of workers: 77% 
of European freelancers report being 
freelancers by choice (43% found 
work through online labour platforms)8; 
however, others resort to this work due 
to a reduction in standard employment 
opportunities.

Automation and globalization are also 
driving skills polarization and related 
inequality. The shift from humans to 
technology for the delivery of routine 

tasks is also changing the composition 
of employment across skill levels, 
resulting in job polarization (Figure 2). 
The least-skilled jobs which often involve 
non-routine tasks (such as cleaning) 
remain because they cannot easily 
be undertaken by machines, whereas 
routine work that can be automated is 
heavily concentrated in the middle of the 
skills distribution, leading to higher levels 
of job displacement there. Digitalization, 
at the same time, augments the 
productivity of the most highly skilled 
workers and leads to a rising relative 
demand for high-skilled workers. The 
wage premium of high-skilled workers 
relative to low-skilled workers therefore 
increases, leading to growing wage 
inequality.

This skills polarization has particularly 
profound effects in those economies 
lacking the institutions and policies 
to prevent or mediate this impact on 
inequality. Indeed, the growth of the low 
wage sector has been more pronounced 
in countries where labour movements, 

payroll taxes and unemployment 
benefits are relatively weaker (e.g. in 
the United Kingdom, as opposed to 
Germany, Spain or Switzerland, where 
the low wage sector has expanded 
less).9

The impact of technology also has 
consequences for worker well-being. 
As the organization of labour becomes 
more fluid, some workers benefit from 
more flexibility and choice yet others 
are experiencing the shifts as greater 
job uncertainty and involuntary job 
displacement.10 Anxiety about job 
security has a highly negative and lasting 
impact.11 While rising incidences of stress 
and mental health issues create higher 
demand for welfare support, informal 
work arrangements simultaneously lead 
to missing tax contributions and reduced 
access to employer sponsored health 
and wellness programmes, with potential 
policy implications for the provision and 
funding of mental health services for the 
digital age.

Source: Data from Goos, et al, 2014, Table 2.

Change in share of total employment (percentage points), 1993–2010

Figure 2: Job polarization in selected European countries, 1993–2010
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Robots e macchine possono
svolgere mansioni complesse
che richiedono decisioni

5McKinsey Global Institute A future that works: Automation, employment, and productivity

Only a small percentage of occupations can be fully automated by adapting 
current technologies, but some work activities of almost all occupations could 
be automated 
Unlike some other studies, the core of our analysis focuses on work activities rather than 
whole occupations. We consider work activities a more relevant and useful measure since 
occupations are made up of a range of activities with different potential for automation.8 For 
example, a retail salesperson will spend some time interacting with customers, stocking 
shelves, or ringing up sales. Each of these activities is distinct and requires different 
capabilities to perform successfully. 

Overall, we estimate that 49 percent of the activities that people are paid to do in the 
global economy have the potential to be automated by adapting currently demonstrated 
technology. While less than 5 percent of occupations can be fully automated, about 
60 percent have at least 30 percent of activities that can technically be automated 
(Exhibit E2). While certain categories of activity, such as processing or collecting data, or 
performing physical activities and operating machinery in a predictable environment, have 
a high technical potential for automation, the susceptibility is significantly lower for other 
activities including interfacing with stakeholders, applying expertise to decision making, 
planning, and creative tasks, or managing and developing people (Exhibit E3). 

8 Most recent studies estimating the impact of automation in the workplace focus on occupations. See 
Carl Benedikt Frey and Michael A. Osborne, The future of employment: How susceptible are jobs to 
computerisation? Oxford Martin School, September 17, 2013; The future of jobs: Employment, skills, and 
workforce strategy for the fourth Industrial Revolution, World Economic Forum, January 2016. 

Exhibit E2

Technical automation potential
%

Share of roles
100% = 820 roles

While few occupations are fully automatable, 60 percent of all occupations have at least 30 percent technically 
automatable activities

SOURCE: US Bureau of Labor Statistics; McKinsey Global Institute analysis

1 We define automation potential according to the work activities that can be automated by adapting currently demonstrated technology.

REPEATS in report 

Automation potential based on demonstrated technology of occupation titles in the United States (cumulative)1

Sewing machine operators, 
graders and sorters of 
agricultural products

Stock clerks, travel agents, 
watch repairers

Chemical technicians, 
nursing assistants, 
Web developers

Fashion designers, chief 
executives, statisticians

Psychiatrists, legislators
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About 60% of occupations 
have at least 30% of their 
activities that are automatable

<5% of occupations consist of 
activities that are 100% automatable

Fonte: “A future that works: Automation, employment and 
productivity”,  Gennaio 2017, McKinsey Global Institute 

il 65% dei bambini e delle
bambine che iniziano ad andare
a scuola in questi anni, faranno
un lavoro che ora non esiste
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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
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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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sono le due facce dello

stesso futuro
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