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Global total net CO2 emissions

Billion tonnes of CO,/yr
50

40 In pathways limiting global warming to 1.5°C

with no or limited overshoot as well as in
pathways with a higher overshoot, CO2 emissions
are reduced to net zero globally around 2050.
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@ Nature is essential for human existence and
good quality of life. Most of nature’s contributions
to people are not fully replaceable, and some are
irreplaceable. Nature plays a critical role in providing food

@ Nature across most of the globe has now been
significantly altered by multiple human drivers, with
the great majority of indicators of ecosystems and
biodiversity showing rapid decline. Seventy-five per

@ Human-induced changes are creating
conditions for fast biological evolution - so rapid
that its effects can be seen in only a few years or
even more quickly. The consequences can be
positive or negative for biodiversity and
ecosystems, but can create uncertainty about the
sustainability of species, ecosystem functions and
the delivery of nature’s contributions to people.

Huge challenge : very few trials to get it right + short period

of time (30 years) - today’s actions are critical
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However, this DOES NOT include the carbon footprint of IoT ! °



B UCLouvain What about IoT ? <7ictearn

W Tablets (4%,3%) I

35
Blllloqs of 5
Devices

Other (2.1%,3.9%)

l _—

25 w PCs (7%,4%)

20 — BTVs (13%,11%)
Global gr‘owth . mNon-Smartphones (13%,5%)

m Smartphones (27%,23%)
rate 2018_2023: 10 lM2M(33%,50%)

+10 % /year °

: loT

2018 2019 2020 2021 2022 2023

Source: Cisco Annual |

net Report, 2018-2023
Global M2M connections/loT growth by vertical

19% CAGR (b) Cumulative number of
- By 2023, connected home largest, connected car fastest growth loT d :
2018-2023 (0] evices
250
16 —— CISCO N
12 ] 200_ = Ztal;:lsta
e L d
Billions of — < i_r:erl ' A
c oT Analysis
M2M 81 2 1504 + GreenlIT A
Connections E = 4
4 a ~ ARM A .
=100 e
2018 2019 2020 2021 2022 2023
50 * +
1Connected Home (20% CAGR) nConnected Work (15% CAGR) s Connected Health (19% CAGR) T e VAR -
s Connected Cities (26% CAGR) = Connected Car (30% CAGR) s Mfg and Supply Chain (8% CAGR) -
eRetail (11% CAGR) sEnergy (24% CAGR) s Other (27% CAGR) 0 I T T 1T T T T T T 711
W OO = N M S N Y M~ m 7
™ — [ I ) ™~ NN ™~ ™ ™~
Source: Cisco Annual Internet Report, 2018-2023 g e288988888388 4.8
Source: PirsonT., JCP, 2021



What are the
environmental Impacts

of a massive deployment of
|OT devices ?
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i . . . Waste Raw material
Life Cycle Thinking aims at considering =4 \

the (environmental) impacts of a device or

service over its whole life cycle. s _ : D
‘m EoL Production (s
Life Cycle Assessment (LCA) is a well- A\ }
known methodology (15014040-4) supporting
this goal in practice. Use Transport

P 2




Why do we need
lIfe cycle thinking
in the context Of 0T ?
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d Modeling the environmental impacts of IoT devices
= The carbon footprint of IoT production [JCP-2021]
= A multi-indicators cradle-to-grave LCA of wireless power transfer (WPT) [In writing]

A Conclusions and perspectives

d Open discussions, Q&A

11



LCA of loT



(a) Schematic IoT network representation
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(a) Schematic IoT network representation
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Main question :

(a) IoT edge device

® How to model the embodied carbon footprint for a wide

range of IoT edge devices while preserving precision ? a

Our contribution :

|Energy source| Flash RAM
\

Sensing
' Micro [l Imager|

Proces smg

Casmg

5

Connectivity
—Functional block

Connectivity 1C

User Interface | . Hardware Specrﬁcatron Leve!

(b) IoT hardware profile

® Framework (quantitative) to streamline the carbon rctuators
footprint of IoT edge devices production

®m Addresses directly the heterogeneity of the IoT and
the lack of work in this field Sensing

® Transparency to foster the use of the framework
Benchmarked with existing results (sparse)
m Applied on 4 use-cases
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Connectivity 10" -

Memory 10°4
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(c) Carbon footprint
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Table 1
Detailed life-eyele inventory (LCT) for [oT hardware profiles. For esch handware specificarion levl, lower,/typieal/upper parameters considered are given. If not mentioned explicitly, all data is taken from GaBi professional and GaBi

IoT hardware profiles : e e e et i Bt

Functional Definition Hardware specification level (HSL)
block
HsLa HEL1 HSL2 HEL3
Actustars Camponens that physically act on Mo acmarer Vibration mowmr {1g) 1724 Rely (SR} 17274 DC momr (509 1476
. . the envirmment Mator driver® 1/2/5 mm?
® Hig h level of details for each hardware e e
Casing Serusrural componests of e 1T sdge Mo aasing ABS plastie gramilate 10/50/100 5 ABS plastic gramlars 200,400,500 5 ABS phstic grusulie 700/300,900 5
- = device whose primary fanction is B Alminum 1/10/30 g AMuminn 20,80/150 g Steel TO/160/300 g
specification level. — i i ppicey
Connecthvity Componenss which e inwhed i Embedded in Procestng (share of the die asea) Connecavity 1€ 510,20 mm® Commestuty 168 2030/45 mm? Commestviy 169 45/50/60 mm?
daa raemesion Prined antenna (embedded n FOF) Printed anferma {embedded in PO} Exemal whip Hre antenna 10/15/30 g Exemal whip ke antenna 10/15/30 g
Memary Componens invahved m the dara Embedded i Frcesgng. Elsh + RAM = k) DRAME (32128512 ME) Z7.9/315 mm® DRAME ©.5/1/2 GH) 315615181 mm® DRAME (05172 GB) 3156151231 mm®

sorage on the 10T edpe device Flashf (327128512 MB) 0.2°0.8/32 mm? Flashf (8/16/32 GH) 50/100/200 mm?

! (1748 GH) 63,2550 e

m Based on data sheets, review of literature —
and reports, teardowns and expertise.

The rest of the components which da
nor fir anoher fimcsond block

Cagacnors and ressms 51015
Diodes 2/2/2, mansimons 17273
Tanmlum capacimes 0,072, erpaks 67171

Cagacrors and resimars 152025
Dides 2046, Tansimons 2476
Tmshm apcns 0,03

Cagacimes and resismars 4175060
Diodes 245, Tansisres 479
Tasmhim csparicors 0,04

Cagacimes and resismars 75785100
Diodes 2/6/10, sk 71015
Tasabum caparicors 07204

Crpsmls 14172 Crysals 124 Cryseals 124
steel meal shield 05172 § steel meral shield 05172 § stedl meal shield 05172 §
Cables 1/2/5 am Cables 1/2/5 am Cables 1/2/5 e

FRA @ layers) 80,1207150 em?
salder Pase (\C05) 1787265454 mg

FRA (4 layers) 15/35/50 em®
salder Pame (SACHS) 28/53/98 mp

FR4 {4 liyers) 210715 an®
sallder Paste (SACHE) 47813 mg

Pem Componens respocsible for the
elecrromeshanical supparr and
clearical manedom beowem
lecrons componeses of the 1T
edpe deviee
Componens imvaived 1 the energy
sounee nd gy mumagement of de
16T adge deviee, which could be
barery.pouered or main powesed

=
Salder Pae SACI0S) PH/155/269 mg

® Not exhaustive but covers already a wide
range of IoT hardware.

Power supply Mams powersd
Power mansisme /374 alialiae
Diades power 0/1/2

Radial eapacitor 27374

Mintsure enil 2734

Ring core il 011

Power aable 05115 m

74 Ehukn phe 0711

B Main gaps: sensing and actuation could p—
be improved, energy harvesting was not

considered e = =
— T —| Capacitors and resistors 40,/50/60

Pt | Diodes 2/4/6, transistors 4/7/9 -
ST = Tantalum capacitors 0/0/4
" 02 o s 1 " T 5 " 14 s 2 0m nrm omom oo Crystals 1/2/4
Steel metal shield 0.5/1/2 g

Cables 1/2/5 cm
16

Componeass imvahved in the dita M 510017 mm® Applicarion p 20,3045 mm?®
pmeessing and eontral msks on the

10T edge deviee

Componeas rehied 1o cypmgraphy Embedded in Frocesing or nonexisE

and promeson of sensitme dim

ser interfsce Componens allowing mEracsens No e inmrhee
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Results :
®m Values are given for each hardware specification level.
m The framework can be easily used to streamline the carbon footprint of other IoT edge devices thanks to the
hardware profiles.
m The carbon footprint of simple and complex devices can vary by a factor more than 150x according to our
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Applying the framework on 4 use-cases :

m (1) an occupancy sensor; (2) a smart watch; (3) a home-connected assistant (Google Home MINI);

and (4) a drone (Mavick MINI)

m Less specific than a dedicated LCA but already provides a detailed modeling

m Different hot-spots depending on the hardware profile : all IoT devices are not equal !

(a) Occupancy sensor

10?2 GWP [kaCO2-eg]

Actuators

Power Supply 1072

low

I typical
up

—
=1
=
t
——=5.3x

10714---

ul

Casing
Security

Actuators

onnectivity o
awer Supply
Pracessing
Transport

[=)]
o

(d) Smart watch
Actuators

Power Supply

Connectivity 1074

107 GWP [kaCO2-¢q]

E3
1<
};

low

typical

up

Z2
3
T
@
c
g
(]

) Power Supply

- O



https://doi.org/10.1016/j.jclepro.2021.128966

20

PO4OWOH
S-S yorem

(1e|n]|22 + Sd9) t#-S U23em
9-S yaiep

(Sd9) v-S y21em

(de|n|j@d + Sd9) £-S Yarem

[ba-z0D26] dMD

ions

tat

S
o=
= @
O -
Q o
EE
S 3
—~ 0O
n_HuU o) .Nw x IUILU POJOWOH
0 Plu (o] x Z-S udiem
0 c &
c s} (SdD) €-S ymem
2 .% g\ 1-S y21eMm
m o mll x Y —xep qnH 158N
I/_A m W x —100pINO DI Wed 159N
w u“ /ﬁﬂ_u\ x olpny 159N
/W\ c_.m unlv x —QqNH SWOH
o + x = 3woH
O O
m m O m x —1jejsowsay Buiuiea jsan
m w .m -Ul x 3 JeIsoulay ] 1SaN
55 o0 | - ERII e s
o m e OJI2H 1saN
© * ~
8 mJ c ¥
Q. = @ g — (P241M) 323304d 159N
5 UV 0 o @
7 DV E x = (A137309) 1991014 1SN
eg 2 | ¢
S5 4 b x —1e3sowlay ] JsaN
m - o g x| m=(UDB pugz) 1UIp 15D
e R e~ g (uab pug) I 158N
O v O o x mal
" = MalA Wealpheq
IR~
) ._hl. m © 2 < X 316009 A FISEI2WOIYD
._hL o T 0n w .w x F=Jojluow julod 3)buls
o £ m % M .m x J0SUDS Uoop
+ wn Q m 2 m % asimbn|g
v = 2 -
J © |n_nu © 33 X F=J10s5uas AJplwny-aunessdwal
] ) non P!
S99 *r wm |£2
| - T C O X saleg A [=J0SUSS mopulm-iood
nrv w— O ~ ) -
r TTTTT T T T TTTTT T T T TTTTT T T T
X - @ © o o |
C O o £ — — — m
e c o a
]
t ool
m c mw —
3 nrv O w
C £ O
 unw O
H B E N

imi

L


https://doi.org/10.1016/j.jclepro.2021.128966

Second question :

m How coherent is the massive deployment of devices with the Paris Agreement (PA) objectives ?

(a) Yearly new
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Second question :

m How coherent is the massive deployment of devices with the Paris Agreement (PA) objectives ?

Results :

m Conflicting paths with PA (scenarios) - critical need to integrate LCA for IoT: trade-off between the type of

profile and the number of devices
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Second question :
m How coherent is the massive deployment of devices with the Paris Agreement (PA) objectives ?

Results :

m Conflicting paths with PA (scenarios) - critical need to integrate LCA for IoT: trade-off between the type of
profile and the number of devices
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(a) Schematic IoT network representation
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Main question :

® How does a state-of-the-art WPT system compare to a
battery-powered system in terms of environmental impacts ?

Our contribution :
m Comparative LCA (cradle-to-grave). Specific modeling of the
two setups.
m LCA needed for 4 indicators : PED, GWP, EcoTox, Water.

[core of the paper: Marco Gonzalez et al.]
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Results :

® Environmental impacts of WPT are
significantly higher compared to the
equivalent setup using a battery
(coin cell). Lifetime is assumed to
be 10 years.

m WPT system yields higher absolute
impacts, i.e. from 5.6x to 6.7 x.
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Results :

® Environmental impacts of WPT are
significantly higher compared to the

equivalent setup using a battery

(coin cell). Lifetime is assumed to

be 10 years.

WPT system yields higher absolute

impacts, i.e. from 5.6x to 6.7x.

Increasing the number of smart
sensors (up to 8) generally
strengthen the previous
conclusions, with impacts up to
10.9x% higher.
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Conclusions



Why do we need life cycle thinking in the context of IoT ?

IoT is a fast growing subpart of ICT and implies a massive deployment of electronics: the
environmental impacts generated must be better understood.

There is a high degree of heterogeneity in IoT devices: all IoT devices are not equal.

LCA for electronics also embeds limitations and blind spots: current modeling only
provides a downgraded picture of the reality. More expertise and research is needed in this
field. Carbon footprint is only one (dark) side of environmental impacts (e.g. the total
amount of WEEE keeps increasing every year (>10 Mt in 2019 for IT [GEM, 2020]))

Take home message for IoT designers: include environmental considerations during the
development of your technical solution and investigate further than the use phase.
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What LCA also looks like in practice:
m Teardowns (including IC desoldering)

m In-house die inspection (destructive + microscopes) for very specific LCA (while low latency/cost)
B PCB design on EAGLE

B Power measurements in WELCOME (AC and DC)
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(a) Schematic IoT network representation
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(b) Life-cycle phases
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[0 How to integrate LCA during the design of IoT systems ? What about eco-design ? Could we
imagine the IoT to be fully designed-for-reuse or designed-for-X ?

[0 What about the end-of-life of IoT devices ? What will be the impact on WEEE management ?

[l There is a trend towards edge-computing: what will be the impacts from a life cycle
thinking analysis ?

[l Technology development and rebound effects : how do they interact ?
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Thank you
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