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Global e-waste generation 2010-2022 7

E-waste generated
in million metric tons

2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020* 2021* 2022  statista¥%

Source(s): United Nations Institute for Training and Research; ITU, March 2024
08/01/2026 CCBY-SA4.0 * Figures were calculated by Statista based on the values by region provided by the source's The Global E-Waste statistics partnership. 3
Author: Pierre Le Gargasson https://www.statista.com/statistics/499891/projection-ewaste-generation-worldwide/



https://globalewaste.org/country-sheets/

E-waste - Ordre de grandeur 61,9 Mt
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Global e-waste generation 2022, by type

Small equipment

Large equipment

Temperature exchange equipment
Screens and monitors

Small IT & telecom equipment
Lamps

Photovoltaic panels

08/01/2026 CCBY-SA4.0
Author: Pierre Le Gargasson

' 0.6

Waste generated in million metric tons

15 20 25

J 204

statista %a

Source(s): United Nations Institute for Training and Research; ITU, March 2024
https://www.statista.com/statistics/499912/ewaste-generation-worldwide-by-type/
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Carte et circuit imprimeé Y

By © Raimond Spekking / CC BY-SA 4.0 (via Wikimedia Commons), CC BY-SA 4.0,
https://commons.wikimedia.org/w/index.php?curid=67408183
https://www.ifixit.com/products/Ig-refrigerator-main-control-board-ebr74796401
https://www.ifixit.com/products/lg-g2-motherboard-at-and-t
https://www.ifixit.com/products/surface-studio-2-plus-motherboard-genuine 6 J

08/01/2026 CC BY-SA 4.0 https://www.viasion.com/fr/blog/comment-sont-fabriqu%C3%A9s-les-circuits-imprim%C3%A9s/

Author: Pierre Le Gargasson



Circuit imprimé — Ordre de grandeur

2021 PCB PRODUCTION ESTIMATION (AREA)

08/01/2026

Paper

Composite

Rigid
DS

Multilayer
4 6 8-16 18+ Package
Layer Layer Layer Layers HDI Substrate

Flex

Total

Americas
Europe

Japan

China

Asia (xJP/CN)
Total

0.1
0.1
0.6
42.2
9.9
52.9

0.2
0.9
3.7
44.6
9.6
59.0

1.0
2.4
0.6
66.3
9.8
80.2

https://www.prismark.com/pcb-sample-report, p21, accessed 2025-12-08

CCBY-SA4.0
Author: Pierre Le Gargasson
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PCBNnCO paper
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Questions initiales v/

1Quel est le GWP de la fabrication des circuits imprimes ?
JQuel est I'impact du nombre de couches sur le GWP ?
JQuel est le meilleur compromis entre la surface et le nombre de couches ?

JPeut-on le modéliser ?

08/01/2026 CCBY-SA 4.0 9 ’

Author: Pierre Le Gargasson



PCB overview

08/01/2026

JFR-4
1 Epoxy resin
] Fiberglass
1 Copper

JPlated Through-H

Stacked Vias Staggered Vias

Through-hole Via Blind Buried Via

ole

Migrovia

https://www.viasion.com/blog/what-are-blind-via-buried-via-and-pth-vi

CCBY-SA4.0
Author: Pierre Le Gargasson

Copper Il
Copper
Copper
Copper
Copper
Copper I
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Stackup model

1 Bottom-up method
 Accurate inventory
J Ecoinvent 6L
1 Dynamic Electronics 10L

JAffine function
JNormalized locations

1Still need data
] Expansion to other impacts

08/01/2026 CCBY-SA 4.0

Author: Pierre Le Gargasson

300 -

Carbon intensity (kgCO2e/m2)
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China

Asia

Global

USA/Canada

Europe

France

Annual reports (global)
Ecoinvent entry

Dynamic Electronics entry

y global=7,81x+57,97

10

12 14 16 18 20

Number of layers

11’



Stackup model application 7

2D
v
Layers ESOS
JCompare GWP ; ; . . 5 TEIERT
- Layers 20 | 013 | 0,15 | 0,18 | 0,21 | 0,24 | 0,27 | 0,30
40 0,26 0,29 0,36 0,42 0,48 0,54 0,61
D Area 60 0,39 0,44 0,54 0,63 0,72 0,82 0,91

80 | 053 | 059 | 0,71 | 0,84 | 0,96 | 1,09 | 1,21
100 | 0,66 | 0,74 | 0,89 | 1,05 | 1,20 | 1,36 | 1,52
120 | 0,79 | 0,88 | 1,07 | 1,26 | 1,44 | 1,63 | 1,82
140 | 0,92 | 1,03 | 1,25 | 1,47 | 1,69 | 1,90 | 2,12
160 | 1,05 | 1,18 | 1,43 | 1,68 | 1,93 | 2,18 | 2,43
180 | 1,18 | 1,32 | 1,61 | 1,89 | 2,17 | 2,45 | 2,73
200 | 1,32 | 1,47 | 1,78 | 2,0 | 2,41 | 2,72 | 3,03
220 | 1,45 | 1,62 | 1,96 | 2,31 | 2,65 | 2,99 | 3,34
JCAD software 240 | 158 | 1,77 | 2,14 | 252 | 2,89 | 3,26 | 3,64

o 260 | 1,71 | 1,91 | 2,32 | 2,72 | 3,13 | 3,54 | 3,94
JInformed decision 280 | 1,84 | 2,06 | 250 | 2,93 | 337 | 381 | 425
300 | 1,97 | 2,21 | 2,68 | 3,14 | 3,61 | 4,08 | 4,55
320 | 2,10 | 2,35 | 2,85 | 3,35 | 3,85 | 4,35 | 4,85
340 | 2,24 | 250 | 3,03 | 356 | 4,09 | 462 | 5,16
360 | 2,37 | 2,65 | 3,21 | 3,77 | 4,33 | 490 | 5,46
380 | 2,50 | 2,80 | 3,39 | 398 | 458 | 5,17 | 5,76
400 | 2,63 | 2,94 | 357 | 419 | 482 | 544 | 6,07

Global
08/01/2026 CC BY-SA 4.0 12

Author: Pierre Le Gargasson

JColor = value range

PCB area (cm?)

Global Warming Potential (kgCO2e)




KiCad plugin

JKiCad

1 Schéma et routage de cartes électronigues

1 Open source
 Fichiers en clair, version Git
] Supporte les scripts Python

JKiCad plugin
 Input : surface + nb couches
1 Output : GWP (conception en cours)
J Alyzée Corre, stage M1 INSA Rennes

dlCad

dDémarré en 1992 a I'lUT Grenoble par Jean-Pierre Charras

{ 7 PCBACO : Carbon footprint plugin

Current design:

Surface Area Layers Carbon Footprint
42.5 cm? 2 0.31 kg CO2eq

Surface | A Surface

Layer

Layers

Layers

Base 425 028 0.31

o7 oo O R S N I
~ = | S B

-20 34.0 022 025 0.30

o= psjos I I R R IR

Layers | Layers  Layers  Layers | Layers  Layers  Layers Layers

(em®) 1 2 4 6 8

Unit: kg CO=eq

Comparison Details

Layers - 2 (+0 vs ref)
Impact : 0.28 kg CO-eq

Surface : 38.2 cm? (-10%)

A lmpact: -0.03 kg CO-eq

aaaaaaaaaaaaaaaaaaaaaaaa

dhttps://gitlab.insa-rennes.fr/esos/pcbnco-kicad-plugin

08/01/2026 CCBY-SA4.0
Author: Pierre Le Gargasson
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https://gitlab.insa-rennes.fr/esos/pcbnco-kicad-plugin

KiCad plugin v/
— > ESOS

Surface Area Layers Carbon Footprint 3
Current design: 42.5 cm? 2 0.31 kg CO2eq S~ Données PCB en cours
(fixe)

A Surface | A Surface | Layer | Layers | Layers | Layers | Layers | Layers | Layers | Layers | Layers | Layers | Layers
% (em?) 1 2 4 6 8 10 12 14 16 18 20

-20

34.0
Ajout ou retrait 10 |2 |o25[02s] 034 040 046 052 058 084 070 076 052 GWP(dynamique)
de surface % s <2 | 528 o [ N N O O A O - Nb couches
(éditable) o | = (o T S o Surace |
)t s o s s ouge 5i GWP 7

Vert si GWP N\
Unit: kg CO-eq
Comparison Details
. Surface : 38.2 cm?® (-10%)

Comparaison par / Layers -2 (+0vs ref)

Impact : 0.28 kg CO-eq
rapport au PCB A Impact: -0.03 kg CO2q |
en cours
B Export CSV 1 About %, Calculation Details X Close
08/01/2026 CCBY-SA4.0 14 J

Author: Pierre Le Gargasson
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https://gitlab.insa-rennes.fr/esos/pcbnco-kicad-plugin

KiCad plugin ~/

C)Etat initial ESOS
1 2 couches
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08/01/2026 CCBY-SA4.0 16 J
Author: Pierre Le Gargasson



KiCad plugin
L Etat initial

1 2 couches

PEHERERDOEE PREEEREE
7 = g

B L et

?": @

®OCEEEE Peeeee — 9

80 mm

08/01/2026 CCBY-SA4.0
Author: Pierre Le Gargasson

|87 PCBnCO : Carben foatprint plugin = O b

Surface Area Layers Carbon Footprint
Current design: 42.5 cm? 2 0.31 kg COzeq

A Surface | A Surface | Layer | Layers | Layers | Layers | Layers | Layers | Layers | Layers | Layers | Layers | Layers

% (cm®) 1 2 4 6 3 10 12 14 16 18 20

34.0
o= 525 o2 [ N O
e 2o O
s S
~ -« o | I

Unit: kg CO:=eq

Comparison Details

Surface : 42.5 cm? (+0%)
Layers : 2 (+0vs ref)
Impact : 0.31 kg CO-eq
I Impact: -0.00 kg CO-eq

B Export CSV [ About & Calculation Details X Close

17’



KiCad plugin

JPassage a 4 couches
L Empreinte carbone
constante

PEHERERDOEE PREEEREE
7 = g

: SWEE
FEOCEEEE POREEEE

80 mm

08/01/2026 CCBY-SA4.0
Author: Pierre Le Gargasson

|87 PCBNnCO : Carbon footprint plugin

Current design:

Surface Area Layers

42.5 cm? 2 0.31 kg COzeq

A Surface | A Surface

% {em®)
-20 340
Base 425

10 46.7

20 51.0

Layer | Layers | Layers | Layers | Layers | Layers | Layers | Layers | Layers | Layers | Layers
1 2 4 6 a 10 12 14 16 18 20

Carbon Footprint

i Comparison Details

Surface :© 34.4 cm?® (-19%)

Layers : 4 (+2 vs ref)
Impact : 0.31 kg CO-eq

A Impact: -0.00 kg CO-eq

B Export CSV

@ About ® Calculation Details X Close

15 &



KI Cad p I u g i n |87 PCEBNCO : Carbon footprint plugin - O * ‘g

wr
D Passage ad COUChES Surface Area Layers Carbon Footprint
1-19% Current design: 34.5 cm? 4 0.31 kg COzeq
180 mm => 65 mm
A Surface | A Surface | Layer | Layers | Layers | Layers | Layers | Layers | Layers | Layers | Layers | Layers | Layers
2 — 2
D 42’5 cm => 34’5 CcIm % {em?) 1 2 4 6 8 10 | 12 | 14 | 16 | 18 | 20
-20 276
oo om o 20 [N L N A
TSRS s e m
RN & o oo G | s
=« ozr o020 | I L L
Unit: kg CO-eq
Comparison Details
Surface : 34.5 cm? (+0%)
Layers : 4 (+0vs ref)
Impact - 0.31 kg CO-eq
A Impact: +0.00 kg CO-eq
B Export CSV i About & Calculation Details X Close
08/01/2026 CC BY-SA 4.0 19 J

Author: Pierre Le Gargasson



KiCad plugin /

A 4
JBilan ESOS

1 Densification du PCBA
1 Couche dessous

08/01/2026 CCBY-SA4.0 20 J

Author: Pierre Le Gargasson
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