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Agenda

Welcome and intro to the meeting (DG ENER)

Presentation of progress in project Tasks (DG JRC)
* Progress in Task 2 — Presentation
* Progress in Task 2 - Q&A
 Progress in Task 3 — Presentation
Short break

 Progress in Task 3 — Q&A

Next Steps and AOB (DG JRC and DG ENER)
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Study Overview

The aim of this study is:

e Identification of material and energy efficiency
improvement potentials

e Analysis of consumer behaviour implications
e Analysis of Life Cycle Costing implications

e Policy recommendations on the inclusion of Ecodesign
Criteria and

e Suitability of complementary policy tools to improve the
sustainability of ICT products and systems.
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Starting point:
VHK/Viegand Maagge ICT Impact Study

ICT Impact study  Technical Assistance

Assistance to the European Commission

ICT Impact study
FINAL REPORT
d Maagee for the European Commission
The information and views set out in this study are those of the authorfs)
and do not necessarlly reflet the offical opinion of the European
Commission.
45 7~/ ol = S
<

EU27 market and
energy consumption
data for 8 main ICT
product categories
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Trends and forecast for the 8 ICT
categories in the scope

ICT Electricity consumption EU27

years 2010-2025, in TWh/yr

TWh/yr

300
B Data Centres

250 B Telecommunication

200 B Electronic Displays

B Video & Audio end-use
150 & Personal IT equipment

100 B Imaging Equipment

B Home/Office Network

50 .
W Public ICT

2010 2015 2020 2025
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Task 2: Scope,
Definitions and
Product Groups
covered by this
study

Progress
In project
Tasks

Felice Alfieri, Christoforos Spiliotopoulos
JRC.B.5 Circular Economy and Industrial
Leadership



Definition of ICT

Devices Network The Cloud

End-use devices ! % Storage
o Copper

v" Workplace o Fibre

v Household o Mobile

v Public interface A

v Building automation " '

Processing

The main characteristic that ICT product groups
share is that they (increasingly) allow
communication between devices
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RAN - RADIO ACCESS NET

FAN - FIXED ACCESS NET

Illustrative overview of the ICT Network

CORE NET
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Cache server
(Local copy)
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Microsoft, etc.)

Internet backbone
Traffic between providers

HOME/WORK NET ACCESS NET
Ba_ Gy 0 0\ e
=) *™ e K High Altitude
POS Car radio Mobile ! Pseudo
Point-of- GPS - . ot (atmospheric)
Sales -, Toll “>s Satellites
& oS LOQISUG\ ..... <
ATMs (for trucks) L Retres s
! Sat disk GEO/LEO .
) S
Da\ «I» WiFi @
I— Terrestrial basestation
Radio
e nptop TV audio 3”‘?\‘\‘”‘3 TS \\\ \\\
& . (4) orroge cors ™
Phone JAcces Point '.' , Terrestrial ﬁ_”QAM ~
| (DECT)™ ||(hotspot) o
T ( ) ( p ) p - 1m
TV, Signage f/'r; : —— -s@l CABLE _—~CCAP )
STB Router Home/ \ MSAN‘,:"’/
Set-Top Box| incl. Office/ \-\ DSL Digital .~ /
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i
splitter) Optical Net
Home NAS Network 10
Attached Storage
o) N Enterprise
IoT Internet-Of-Things ¢ DC
Smart appliances, meters, f A =

Sensors, factories, logistics, buildings,
LPWAN Low Power Wide Area Network,

Data centre

Server
WS Storage
e Network
UPsS
Cooling
ON Optical Net Border, Core and g
(incl. undersea cables), Aggregation ‘ §
satellites MEO (GEO) Routers/Switches/ z
ISP —— -§
Internet Service Provider W e0GE POP 3
BRAS Broadband Remote Point of Presence B
Access Server internet connect §
& Mobile Gateway or exchange 2
(Vodafone, France Telecom, Detween providers 5
Deutsche Telekom, Telefonica, ;
Telecom Itallia, Proximus, Telenet) )

TELECOMMUNICATION OVERVIEW
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ICT Impacts on Sustainability

Device / Tech - First Order Effects
ICT Application — Second Order Effects

Structural changes - Third Order Effects
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First order effects
(Direct effects)
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Direct effects

ICT as part of the ICT as part of the
problem solution

Production 1
Use & Direct
effects

Disposal

Induction effects Optimisation effects 2
Application Effects of
ﬂ Obsolescence effects Substitution effects use
Rebound effects . 3
Structural Df“"“”"““ of growth Systemic
change Emerging risks om resource use effects

The direct effects are related to the life
cycle impacts of the ICT hardware (from
production to end of life)
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Direct Effects

Key Environmental Aspects and Impacts

Use of finite resources, including Critical Raw Materials (CRM).
Energy consumption and GHG emissions from production and use.

Air, soil and water pollution, bioaccumulation and effects on organisms
due to raw material extraction and processing, and hazardous
substances.

Generation of potentially hazardous electronic waste upon disposal

Systemic aspects?:
(induction, obsolescence, substitution, optimisation,
rebound effects, societal structural changes)
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Second order effects
(Enabling Effects)
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Second order effects: induction

Production |

ICT as part of the ICT as part of the
problem solution
Litocyoe | | 1

Technology oflcT 1| ue A | Direct
hardware effects

Disposal

=
- ‘ Induction effects ) Optimisation effects 2

Smart TV

— /’ ~

Streaming
Contents

Application Effects of
Obsolescence effects Substitution effects use
enables
I Rebound effects . 3
Structural D'ecouphng of growth Systomic
change Emerging risks rom resource use effects

Lk

Induction effect: ICT can stimulate
consumption of other resources outside the
device boundary (e.g. smart TV can
stimulate additional consumption by higher
resolution streaming contents)

Energy /
materials for

data storage
and
transmission
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Second order effects: obsolescence

ICT as part of the ICT as part of the
problem solution
— | Producion | 1
Technology oflcT || use A | Direct
oo _] =T -
- Induction effects Optimisation effects 2
Application ’ Effects of
m Obsolescence effects Substitution effects use S O ftW a r e
G * T
Structural it Decoupling of growth g,,m,c l
change Emerging fisks from resource use effects AC C e S S to
Services

ICT can stimulate functional obsolescence:

« Incompatibility issues: a device that is no longer supported
by software updates is rendered obsolete

« New functionalities and features
replacement

triggering product
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Second order effects: optimisation

ICT as part of the ICT as part of the
problem solution
Life Production 1
Technology ofICT use A Direct
hardware : effects
g =
- Induction effects < | Optimisation effects 3 2
Application Etfects of
m Obsolescence effects Substitution effects use
B ool Rebound effects :
Structural Df‘“’“""“g of growth Systemic
change Emerging risks rom resource use effects

Optimization effect: Use of ICT reduces use of resources
(e.g. less energy consumption in a smart homes that
recognize use profile of occupants and environmental

conditions).
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Second order effects: substitution

Technology

e
Application

B

Structural
change

hardware

Disposal

as part of the ICT as part of the
problem solution
I | 1

ICT
Lo cydle l Production
oficT  {| Use

Direct
effects

Induction effects

Obsolescence effects

Rebound effects

Emerging risks

Optimisation effects
Substitution effects

v

Decoupling of growth
from resource use

Substitution effects occur “when an ICT service replaces
the use of a physical product (e.g. substitution of printed book

by e-book; or conference by web-conference).
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Third Order Effects
(Structural Changes)




Third order effects

Technology

L

Application

das
pr

part of the ICT as part of the
oblem solution
l | 1

ICT
Life w Production
ofICT use A\

Direct

Structural
change

hardware " effects
| Disposal I
Induction effects Optimisation effects 2
Effects of
Obsolescence effects Substitution effects use
Rebound effects . 3
Decoupling of growth P
from resource use
Emerging risks s

Third order effects include all the long-term reaction of the
dynamic socio-economic system to the availability of ICT

services, including behavioural change (lifestyles) and

economic structural change.
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The scope proposed under this study

ORDER OF EFFECTS

FIRST ORDER

SECOND ORDER

THIRD ORDER

PRODUCT/
DEVICE
TYPES

production Induction

aon = S
end of life gl;?;:[:;?:n Emerging Risks
production Induction

o [ |SESES————
end of life gl;?;ﬂr:;c?:n Emerging Risks
production Induction

move [N e N R
end of life St Emerging Risks

Optimization

Within study scope

If linked with end-use

Out of study scope
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Task 2
Questions / Comments?




ICT TASK
FORCE
STUDY

Task 3: Potential for
Energy Savings

Felice Alfieri, Christoforos Spiliotopoulos
JRC.B.5 Circular Economy and Industrial Leadership



Scope of the analysis (Task 3)

ICT Impact study

Energy in the use
phase of the device

ICT TASK FORCE STUDY

- Embodied energy and carbon
- Induction effects on network
and data centres

- Optimisation and substitution

opportunities
“ European
Commission



First order effects
(Direct effects)

Energy Consumptions and GHG
Emissions
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Embodied energy (and carbon) vs.
energy consumption

Life time: 7 yrs
600 5yrs
5001 . Embodied carbon footprint
o 400 D Energy consumption
ON (life time use with world
O 300 average electricity mix)
[8)]
~ 200
100-L 4 yrs
- 4 yrs ] 3yrs
0
TV Desktop Laptop Tablet Smartphone

Figure 1: Estimated embodied carbon footprint and use (active lifetime) carbon
footprint for common end user ICT devices. Source: Malmodin and Lunden (2018)
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Embodied carbon by component

m Extrapolation of primarny data and

B Primary data using LCA studies as “gap fillers”

Materials I |
Intel, Samsung, TSMC
PCBs Micron, SK Hynix, Texas Instr.
cs [
Displays O
Dther LS Display, Samsung, Innolux,
components AL, BED, Japan Display Inc.

_ Apple, Samsung, Foxconn, HP,
Mechanics |_— IBM, Dell, Sony, Panasonic,

] _F_,,_,—f/’# +13 other assembly companies

Nton
Assemb
v TR don

0 20 40 60 &0

Figure 2: Total Carbon Footprint of the material acquisition and production stage for
ICT user devices. The range indicated in materials shows the impact of recycling.
Source: Malmodin and Lunden (2018).
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Embodied carbon: notebooks
73%

Source
Materials

life cycle
<1%

Recover

emissions3

13-inch MacBook Pro

185 kg carbon

Make

7%

Package

and Ship https://www.apple.com/environm
ent/pdf/products/notebooks/13-
inch_MacBookPro_PER_Nov2020.p
df

L_‘J

256 GB version = 185 kg CO,
512 GB version = 207 kg CO,
4 Thunderbolt3 ports + 1TB = 298 kg CO,
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Embodied energy vs Energy Use

B production 3 transport 3 use

B recycle

100 -
80 A

e The hardware-
manufacturing footprint
increases with increasing
hardware capability (e.qg.,
flops, memory bandwidth,
and storage)

40 ~

20 H

Carbon emission breakdown (%)

175 ® Device *
A Production /
~ 150
§ % Use / \\
o 125 A
) S A
€ 100 '
8 75 s A
L \ ~a
c
8 50 0\\.//0/:\&*- /\n
S /—\k—A/ oo /\
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25 !\J.i_* vt A
* R 'y X n—x
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8 =+ gr) fg 0~ X C 1) ﬁ ﬁ :r,, ‘2 c c c c ¢
@ © T g22ee §88886
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iPhone Apple Watch iPad

Figure 3. Carbon emissions and breakdown of emissions across generations for
Apple iPhones, Watches, and iPads. Source: (Gupta et al., 2020).
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Embodied energy vs Energy Use

Embodied

time
European |
Commission




Internet of Things “tornado”

Sensors/Actuators Input Module Qutput Module Controller Communication Module

Figure 6:
Schematic of
an IoT
device
components
flow in a
connected
economy

IoT components:
- Very Low operational energy
- Very High manufacturing energy
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Internet of Things “tornado”

40

& &

Pl
W

Total Primary
Energy (1076 Tl/Year)
= P
w =1

=

o
201s 2017 2018 2019 2020 2021 2022 2023 2024 2025

M Sensors Manufacturing M Sensors Operational/Use
1 leT Connectivity 1Cs Manufacturing M loT Cennectivity ICs Operational/Use
W loT Processor ICs Manufacturing I loT Processor ICs Operational/Use

Figure 7: Global total primary energy footprint of electronics in IoT devices
Source. Das and Mao (2020).
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LCA Modelling is a complex task

MPU 130 nm
WLCSP
120 - .
=
= 100 -
—
=
50
=
=¥}
.=
B 60
2 WLCSP
[
®
S 40 BGA
-
= TQFP  BOA
E 204+  _BGA @ ®
= TQFp @
WLCSP
0 Il'l‘;lllIIIllIIIlllIIllllllllllllllllllllllll
0  TQFPS50 100 150 200 250 300 50 400 450
Pin number

Figure 8: Primary energy demand of 130 nm MPU with different package methods.

Source. Das and Mao (2020).
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LCA Modelling is a complex task

Figure 9: Photo of a packaged 3G/4G power amplifier IC from a smartphone mainboard (left)
and X-ray image of the same component indicating it is a module with three smaller dies
(highlighted in red boxes) and various passive components. Source: Clemm et al. 2019
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Semiconductor’s industry:
Environmental impacts overview

o a )
E | o | Bo i
IMPACTS > £ B ; & | REASON FOR IMPACT CONTROL:
2 % 7 E} 7 | DESIRABLE LEVEL OF SITE RESPONSIBILITY
E & 2
Toxicity in 1 ++ +++ | Many dangerous chemicals are consumed: the risk of toxic
water effects on health and ecosystems by waste water exists
Global 1 +H+ +++ | Direct - perfluorocarbons (PFCs) - or indirect — energy -
warming emissions
The level of severity depends on the efficiency of PFC treatment
units
Intensive use of electricity
Resource 1 +HH+ +++ | Intensive use of raw materials
depletion
Water stress 0 THFE & Intensive use of ultrapure water
Water 0 == F Many acids are consumed; the severity level depends on the
Acidification sensitivity of local ecosystems and the efficiency of waste water Table 2 Expert ranking of
treatment plants environmental concerns in
Eutrophieation 1 =/++ + Many acids are consumed: the severity level depends on the manufacturing plants. Source: Villard
sensitivity of local ecosystems and the efficiency of waste water
) ° etal. 2015
treatment plants
Air 1 +/ 4+ = A few acidifying gases are used: the majority of emissions is
acidification controlled by air treatment units: site-dependent
Summer smog 1 A+t ++ Ennssions in air due to general plant functioning: the severity
level depends on the sensitivity of local ecosystems and the
efficiency of Volatile Organic Compounds (VOCs) treatment
units
Human health 0 + + A few dangerous substances have to be managed for worker
safety
Waste 1 = + Considerable quantity of plastic waste: variable rate of recyeling
Noise 0 = =
Ozone layer 0 = =
depletion
Toxicity in air 0 = = A few toxic gases are consumed: All are under control by air
treatment units
Land 0 = =
oceupation
Toxiceity (so0il) 0 = =
Smell 0 = =
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Initial Remarks

The production of ICT devices requires energy intensive
processes

Increased hardware capabilities (including more IoT) can
result in additional embodied energy (mainly due to the
additional ICs)

Modelling semiconductors in product’s life cycle is complex

Data on production processes and associated impacts are
still limited

n European
Commission



Second order effects

Induction:

Energy use in data centres and
telecommunication network
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Whose energy consumption?

Customer
Streaming Transmission Access Premise
; Playback Viewing
Source —5 Pathway __|, Network -4 Equipment _|_ _
Data_Ce:znter Core/Metro ADSL Router Game
Building Network console
Television
Data Cent
atatenter Cable Cable Box Set Top Box
Servers
Flat Screen
Monitor
Desktop
Computer
Laptop
Computer
Smart
Phone

ICT system devices and processes used to provide a streaming video
service to a viewer. Source: Shehabi et al 2014.
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Whose energy consumption?

r——-

Customer
I Streaming ITransmission Access Premise
; Playback Viewing
Source _1 Pathway __|, Network -4 Equipment _|_ _
Data_Ce:znter Core/Metro ADSL Router Game
I Building Network console
I Television
Data Cent
I atatenter Cable Cable Box Set Top Box
Servers
I I Flat Screen
Monitor
I Desktop
I Computer
Laptop
I I Computer
I I Smart
I Phone
-— s - J

ICT system devices and processes used to provide a streaming video
service to a viewer. Source: Shehabi et al 2014.
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Whose energy consumption?

r | | | | |
ICustomer

Streaming Transmission Access Premise
Source ! Pathway _|, Network _| fFquipment | Playback _ |, ~Viewing
Data_Ce:znter Core/Metro ADSL Router Game
Building Network console
Television
Data Cent
atatenter Cable * Cable Box Set Top Box
Servers
Flat Screen
I Monitor
Desktop
I Computer
I Laptop
I Computer
Smart
I Phone

ICT system devices and processes used to provide a streaming video
service to a viewer. Source: Shehabi et al 2014.
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Whose energy consumption?

Customer I
Streaming Transmission Access Premise
; Playback Viewing
Source —5 Pathway __|, Network _LEqumment _ _ I
Data_Ce:znter Core/Metro ADSL Router Game I
Building Network console
Television I
Data Cent
atatenter Cable Cable Box Set Top Box
Servers I
Flat Screen
Monitor
Desktop I
Computer
Laptop I
Computer
Smart I
Phone I

ICT system devices and processes used to provide a streaming video
service to a viewer. Source: Shehabi et al 2014.
“ European |
Commission



demands
have risen

Average storage drive energy
use (kilowatt-hour/terabyte)

PUE, power usage effectiveness; IP, internet protocol.

Source: Masanet et al 2020

efficiency

increased

§ 100 : @ Global installed storage

8 ; capacity (exabytes)

= 26 ® Global data center [P

g 1 traffic (zettabytes/year)
Q10 65 @ Data center workloads and
(o) & i s
~ compute instances (millions)
g 13 Global installed base of

a servers (millions)

Y

€ 1 ‘

P :

E’o 1 @ Average PUE 0.75 I

& | @ Typical server energy intensity

5 (watt-hour per computation) 024 g

% 0.1 Average number of servers 0.11

% per workload

(4

Trends In ICT system energy use
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Data centres - storage capacity

3 000
2 500
2 000
1500

1 000

Storage capacity in exabytes

500

2016 2017 2018~ 20197 2020* 2021~

® Compute @ Collaboration Database/analytics @ ERP and other business apps

@ video streaming Social networking @ Search @ Other consumer apps

Trends in the installed storage capacity in exabytes
Source: Statista, 2021
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Data centres - type

100
90

80

? III
i III
5..."

2019-2025: Forecast

o o O

40
30
20
10

0
O N VIO D & o o0 A D 9 O
N NY AV NP N NP NP A NN
PTEF S S S S S P oS
Traditional data centres ®Edge data centres m Cloud data centres

Annual energy consumption [TWh/a]

SV

Trends and forecasts in terms of energy consumption by data
centre type in EU28. Source: Montevecchi et al (2020)
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Network — increased data traffic

250

200

158

lee

5@

2G/3G/4G

e

2815 2016 2017 2818 2019 2828 2021 2822 2823 2824 2825 2826
Note: This graph does not include traffic generated by fixed wireless access (FWA) services.

Trends and forecasts for global mobile data traffic (Exabytes per
month). Source: Ericsson (2020)
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Network - increased speeds

Global 459
Asia Pacific 62.8
Latin America 15,7/
North America 56.6
Western Europe 45.6
Central and Eastern Europe 35.0
Middle East and Africa 9.7

52.9
74.9
19.7
70.1
53.2
37.2
11.7

61.2
91.8
34.5
92.7
72.3
57.0
25.0

/7.4
1171
41.2
106.8
87.4
65.5
29.0

9/7.8
137.4
515
126.0
105.6
/7.8
34.9

110.4
157.1
5983
141.8
123.0
87.7
41.2

Fixed broadband speed (Mbps). Source: Cisco (2020)

Global speed: All handsets

Asia Pacific 14.3
Latin America 8.0
North America 21.6
Western Europe 23.6
Central and Eastern Europe 12.9
Middle East and Africa 6.9

17.7
18.0
11.2
27.0
312
15.7
9.4

23.5
24.7
15.7
34.9
40.1
213
13.3

29.4
32.4
21.1
42.4
48.2
30.3
17.6

35.9
39.0
24.8
50.6
54.4
36.1
20.3

43.9
45.7
28.8
58.4
62.4
43.0
24.8

Mobile network connection speed (Mbps). Source: Cisco (2020)
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Consumer Devices — number of connections

Other (2.1%,3.9%)
2018-2023 30 W Tablets (4%,3%)

# PCs (7%,4%)

20 " TVs (13%,11%)
Bllllon_s of ; BNon-Smartphones (13%,5%)
Devices v # Smantphones (27%,23%)
10 o M2M (33%, 50%)
U

2018 2019 2020 2021 2022 2023

10% CAGR

on

* Figures (n) refer to 2018, 2023 device share

Number of connected devices. Source: Cisco (2020)
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Consumer Devices — applications

Social
Networking,
10.7% Web, 8.1%

Marketplace,
5.0%

Video Streaming, Cloud
Messaging| VPN, 1 8% ’
57.6% =

Global Application Category Total Traffic Share, Source: Sandvine 2020
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Consumer Devices — device characteristics

2018-2023
UHD 15-18 Mbps D
HD 5-7.2 Mbps e
Connected
SD 2 Mbps 4K TV Sets
M) i i
018 2019 2020 2021 2022 2023

Increasing video definition. By 2023, 66% of connected flat panel
TV sets will be 4K. Source: Cisco 2020
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Consumer Devices

Gaming carbon emissions 2020-2030
Projected carbon equivalent

M Manufacturing and local energy
M Network and data centre

Niche streaming

30% streaming

Mostly streaming

0 500 1,000 1,500 2,000 2,500 3,000 3,500

Estimates are cumulative over the decade
Source: Lancaster University BaE

- European
Commission



Energy use remarks

Energy use difficult to forecast due to methodological challenges,
system complexity, fast-paced innovation

Overall energy use determined by the scale of efficiency vs data
demand growth

Data centres: energy use driven by increased storage capacity and
computing

Network: energy use driven by increased data traffic (via
increased speed)

Consumer devices: energy use driven by number of connected
devices, and device characteristics

n European
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Second order effects

Optimisation and substitution:

Contribution of ICT to energy
efficiency in systems

“ European
Commission



Industry / Production Management

Supply Chain

The optimization
optimisation opportunities go
beyond the equipment level
and include system and
process levels (machine
scheduling, environmental
conditions, resources
assignment, operation
planning).

Figure 36: Order of energy savings in manufacturing. Source: Rogers (2014)
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Optimisation of Energy systems:
matching demand and supply

GENERATION TRANSMISSION DISTRIBUTION CONSUMPTION

Q
@

5 |

'/' RE generation /; Maintain grid stability 4 Aggregation and
:g ] forecast T and reliability control of DERs
.:’ (2) Automated (5] Automation of
O ]control of power plants demand-side management
f_’ (6) Operation of
connected mini-grids
|‘/ )
T-—-’ Optimised market operation

DER = distributed energy resources
Source: IRENA, IRENA, adapted from BNEF, 2017
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IoT Optimisation in home/office

BAC system product Components providing data input

heating, ventilation (including window R EEICIGERE IS

openings) and air conditioning (HVAC)

CO2 sensors

Humidity sensors

[T I Presence detectors

Solar radiation sensors

Outdoor wind speed meter
m_ Light meter
B Domestic cold and hot water meters
N Electricity meters
BN Heat and other energy meters
N Door and window opening sensors
N smoke and fire detectors
N Access control detectors

User setting for desired indoor quality
level, scheduling

Table 14: Building Automation and Control (BACS) products and related components / sensors providing data inputs
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Energy resource

Thermal energy

:
:
:
Light energy E
:
1

Mechanical energy H

Chemical energy 4
I
|
|
I

Energy Harvesting

Energy saving
mechanisms

Primary batteries

EM energy — Fmmmmmmmmmms
]
| One to many E Rechargeable
]
RF energy - . :
- Energy harvester |— Wireless transfer Super capacitors

Figure 43: A block diagram of an energy harvesting system.

Energy conversion and energy transfer

Energy storage

|
I
I
I
I
I
I
I
I
|
I
|
I
|
I
I
I
; batteries
I
I
|
|
I
I
I
|
I
|
I
I
I
I
! and control

Source: Zeadally et al 2020.

°9pPOU JOSU=S O

Energy
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Challenges of ICT

 The generation and submission of large amounts

of data and the impact on the ICT system that
this entails.

« The “sensor’s tornado” and the associated
manufacturing impacts

« Optimisation effects can be incomplete or
cancelled out by rebound effects

n European
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Task 3
Questions / Comments?




Next steps

Task 1 - Creation of project website, initial list of stakeholders,
launch of an initial awareness message

Task 2 - Consolidation of the definition and categorisation of the
different sectors/products analysed under 'ICT products'’

Task 3 - Potential for Energy Savings

Task 4 - Material Efficiency: Collection of data

Task 5 - Analysis of potential for material efficiency

Task 6 - Analysis of trade-offs and synergies

Task 7 - Analysis of user behaviour implications

Task 8 - Grouping of products

Task 9 - Analysis of the Life cycle costing implications

Task 10 - Comprehensive compilation of possible policy instruments
for ICTs products

Task 11 - Suitability for different policy instruments

Task 12 - Final Policy Recommendations.

- European
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Task 7 - Analysis of user behaviour
implications

Consumers survey (with the support of IPSOS):

e how the performance of internet audio/video multimedia
affects the consumer purchase decision of ICT devices

o use of ICT devices for internet multimedia - correlation
between type of media, type of connection and type of device

o the relevance of factors such as energy and material efficiency
in the purchase decisions of consumers

e 7 EU Countries, 1000 completed interview per country,
different age, genders, level of education and employment

n European
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Additional slides
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ICT Impacts on Sustainability

PACE (Platform for Accelerating the Circular Economy) and World Economic
Forum (2019). New Circular Vision for Electronics - Time for a Global Reboot.

\

— //
- European
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Electrical and electronic equipment (EEE) put on the market and
waste EEE collected, treated, recovered, recycled and prepared for

reuse, EU, 2011-2018
(thousand tonnes)

10 000
9000
& 000
7000
6000
5000
4000
3000
2000
1000

0

Total put on the market Total collected Total treatment Total recovered (incl. Total reused and
recycling, energy recycled
recovery...)

=2011 »2012 2013 w2014 =2015 2016 =2017 = 2018

MNote: 2016, 2017 and 2018 data, as well as 2011 data for reused and recycled EEE waste: Eurostat estimates
Source: Eurostat (online data code: env_waselee) eurostat
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Example of obsolescence effect due
to short technological cycles
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Example of induction effect

Higher

resolution

video

streaming
Quality Resolution Video Bitrate
HD 720 1280x720 1,200 - 4,000 kbps
HD 1080 1920x1080 4,000-8,000 kbps
4K 3840x2160 8,000-14,000 kbps
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Example of substitution effect

— E-book
— =Trad. paper book, 1 reader / book

-==-Trad. paper book, 2 readers / book
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Raw materials in digital technologies

Figure 44, Raw materials in digital technologies.

Boron: in semi-canductors and HOD o 3- — Chromium: in stainless steels, for
permanent magnets plating and coatings of electronic

components, pigments
Cobalt: in HDDs, semi-canductors @::_
and integrated circuits % _o Graphite: for production of
— graphere, electrically and themmally
Gallium: in Gas for semiconduc- @ 7] ‘@ conductive matenial destined for

tors, LEDs, GaN semiconductors for many applications

blu-ray, mobile phones, etc

_o Indium: in screens as indium-tin-
Germanium: glass for fiber-optic - | oxide
cables, infrared optics (night-vision), | )
in semiconductors 1188 @ Copper: main conductor in @ Magnesmm: in high-
electronics, connectors, printed performance Al-Mg alloys
Silicon: electronics grade silicon in o =4 circuits, wiring, contacts, I1Cs,
semiconductors, SSDs and semi-conductors, efc —o Nickel: in stainless stesls, for
microelectronics plating and anticomosive coatings
o Gold: connectors, switches, relay
contacts, solder joints, connection -
Lithium: primary batteries — res an;:l str sl"l"em'o ch EI. and T Rare Earth Elements: many
) fy bt W iP5, fy Chips @ LREEs and HREEs in various
circuit boards
applications, incl. magnets, HDDs,

Manganese: in memory storage ®_— @ Silver: soldering and brazing alloys, displays, LED, lasers, arcuit boarcs,

technologies and batteries electrical contacts and printed e
Circuit boards — 0 Tungsten: heat resistant in ICs,
— @ PGMs: Pd for multi-layer ceramic ?'i'eg’; ’r;ater gls. e t'a?stl)setors_
capacitors, ICs and circuit boards. M iGNt buls and vacuum
filaments

Pt and other PGMs are in glass for
@ (Critical Raw Material displays and memories

Source: (BCG, 2018).
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