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Some challenges in LCA - Initial motivation

LCA/Impact results without transparency on the processes used (life
cycle inventory - LCl) has limited scientific value.
* Impact results give non explainable information. Cannot be analyzed by experts.
» Given processes, one can compute and explain impact results.

» Used processes seem to be as important as methodology considered (e.g., PCR/PSR).
» Using same methodology but different databases, one can observe up to x100 difference.

* No peer review for private databases.

However, there exist many scientific publications in the public domain
providing processes used in the scope of LCA.

» Proposal: Centralize processes in a collaborative « wiki of product and
processes ».

* Focus on « downstream » processes, e.g., BOMs, unlike e.g., ecoinvent which
focuses on « upstream » processes.
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PCR: Product category rules.
PSR: Product specific rules.
BOM: Bill of materials.
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Working group “GDR DEFI GT2": Elecilmpact database A& ELECTRIC
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‘00 Groupement De Recherche sur les
I EF/ cnrs Dispositifs Electroniques a Faibles

Impacts Environnementaux

Eleclmpact : Vers une base de données ouverte et
collaborative pour ’ACV en électronique

Ajout données Vérification
Marie-Anne LACROIX ~ Maxime PERALTA Vincent CORLAY Maxime PELCAT Eleclmpact
Univ Rennes, IRISA CEA List Mitsubishi Electric R&D INSA Rennes, [ETR
| Informe
: | [Ble g lal=1=l |nteropérabilité
| Nourrissent
Se complétent
GaBi CODDE Ecoinvent NegaOctet Base
Empreinte

Libre + gratuite X X X X v
Utilisable hors logiciel propriétaire . X X Vv v v
Tragabilité des sources | X X X X v
Grande diversité de composants X X X X X
disponibles |
Ajout de nouveaux composants X X X X X

(e.q. issus de la recherche)
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Overview of the project (1) o MTsymeH

Changes for the Better

* Project link: https://github.com/merce-fra/Wiki-on-processes-and-products-for-LCA

« Still at prototype stage. Goal is to illustrate approach.

* Project consists of four main parts:

1.

©Mitsubishi Electric R&D Centre

The Wiki: to organize processes and products, that can be found in the public domain, to
be used for the Life Cycle Inventory (LCI) part of a Life Cycle Assessment (LCA) study.

The import function for Brightway-formatted inventory data.

. Visualization function: automatically build a dependency tree starting from a chosen

product or process page, with identification of alternative process nodes.

. Al-based Wiki Edition: Al to assist in the management of the Wiki. It automates tasks such

as page generation (for not Brightway-compliant data), inconsistency detection, and
product similarity analysis.
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Overview of the project (2) o MTsymeH

Changes for the Better

GitHub home page Wiki home page

H 0 me Edit New page
corlay edited this page yesterday - 15 revisions
<> Code () Issues Y Pullreguests (O Actions [ ijedsl 07 wiki I Security |~ Insights @3 Settings
== Wiki-on-processes-and-products-for-LCA  Pubic S EditPins ~ || @ Watch 2 . oy
= Pages
# Overview of the wiki ves €D
. N Find a page...
Fomain - | P 18ranch © 0Tags Q Gotofile t Addfile - | A product can have multiple processes (e.g. due to regional or technical differences). A process defines the input and output
products (technosphere flows) as well as consumed and emitted biosphere flows. For an electronic device, if no detailed data is ~ Home
corlay-MERCE Minor update 13b31d1- Zhoursago  ¥%) 97 Commits . . . . N
available, the process can simply be the list of its main components. Overview of the wiki
Build_tree Minor update 2days ago A page is either about a product (PD) or a process (PS).
*  pd_0.05mm_al_blank_coil
Database_edition Add data smd_resistor from David Pesce (BCOM) 5 hours ago . .
* Example of products: pd_dell 3620 computer, pd_livebox_6, pd_26_ghz_transmit-array_antenna, pd_raspberry_pid_revb, .
3 .gitignore Major update to directly generate markdown format (drop d... 2 months ago pd_water_bottle, pd_gpu, pd_fairphoned > pd_0.12mm_al_blank_coil
[ LICENSEtxt Add license 5 months ago * Example of processes: ps_dell_3620_computer_loubet, ps_livebox_6_production, ps_water_bottle_production » pd_26_ghz_transmit array_antenna
[ READMEmd Minor update 2 hours ago The list of all products and processes can be found at the following pages : » pd_al_coil_of_0.05mm_cathode_etcth...
[ slides_overview_wiki.pdf 4 hours ago .
* Products: pd_db + pd_al_coil_of_0.05mm_etched_foil
* Processes: ps_db
[0 README &3 BSD-3-Clause license g = v pd_al_coil_of 0.12_mm_anode_forme...
Example of dependency tree for the product pd_dell 3620 computer generated with the script build_lca_tree.py (click here
. . X . to see the source image). + pd_al coil of 0.122mm_anode formed...
[Update (06/10/2025), initial import tree: The initial scope and structure of an inventory is an important information
to keep. * pd_al_scraps

* pd_alpo4

*  pd_anode_formed_foil
*  pd_antenna_elements
*  pd_antenna_unit

*  pd_backup_batteries

+ Add a custom footer

*  pd_baseband_unit

194 more pages...
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Vision (1)

Currently, performing a LCl includes the following
challenges:

1. Several processes may exist to produce the same
product (not only for geographic reasons).

2. Scientific contributions are often referenced by the end

product, but inventory may include sub-process data
valuable for other studies.

 This open wiki is designed to efficiently list and compare
multiple approaches for performing the inventory of a
product (1). It references data at the process level (2).

« Easy to compare existing options and select the most
suitable approach.

LCl: Life Cycle Inventory
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Example where LCI 1 and LCI 2

contain mutually beneficial data
(Point 2 on the left)

LCI 1 LCI 2
Root Root
product 1 product 2
ProduLed_by Produ}ed_by
v
Process Y Process
prod prod prod prod
ww Produ$ed_by Produced_by
Proce Proce Proce HIE
prod  prod

D Common process in LCl 1 and LCI 2
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pd_electrolytic_capacitors

corlay edited this page on Jul 3 - 3 revisions

Electrolytic capacitors

* The ecoinvent reference to produce an electrolytic capacitors was originally added
when importing the inventory of the Dell computer. ¢ Product: pd_electrolytic_capacitors

« A second inventory was imported as data from a research paper dedicated to this & List of processes

topic. The import script automatically detected that the process produces a product

. . e Eccinvent: market for capacitor_electrolyte_type_<2cm_height | GLO
already present in the wiki. . . . . .
* ps_electrolytic_capacitors_aging_and_inspection_zhang

» Visualization script identifies that two alternative processes now exist for this

node in the tree starting at the Dell computer node. Red nodes in the graph. pld“gpwup‘ 3 teisios
« This enables researchers studying the Dell computer to easily update their LCA with ¢ Product: pd_gpu
the alternative process for the electrolytic capacitors and compare the results. ¢ List of processes
s ps_gpu_loubet
* Link to the tree: raw.githubusercontent.com/wiki/merce-fra/Wiki-on-processes-and- * ps.nvidia ai.gpu chip_paremeter_appa
products-for-LCA/out tree/graph pd dell 3620 computer.svg ¢ May be similar to the following products
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Data structure (1)- Overview &% ELECTRIC
Bio in: Water
ProdA __,, l
Prod B —» orod X
— > L » Fro
Prod € Process A

— Prod Y
Proce B —»

Bio out: C02
Process
Product * Process may or may not produce a product.
« One product is always produced by a process. * It is composed of technosphere flows and biosphere flows.

» Several processes can be proposed for the same * Technosphere flow:

[ ic di - C ti f products and processes.
product (technical or geographic difference). onsumption or p P

* Biosphere flow:

» Consumption and emission of biosphere elements.

» Original root and process node.
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Data structure (2)-Product and process Mardown pages ot T

Changes for the Better

Page of process A:

e Technosphere flow:

Blue: clickable

Example in the wiki

e  Production

Page of product X: e
g D d Example in the wiki . Product Y Process: ps_gpu_loubet
*  Consumption o
* Process A Characteristics
d
p —g pU *  ProductA
® P rocess B corlay edited this page on Jul 9 - 3 revisions Quantity s Added by: Vincent Corlay (v.corlay@fr.merce.mee.com)
 Original process for *  Product B Technosphere Flow
Product: pd_gpu - Product C
product as root node. pa_gp broduction
. Process B
° Or|g|na| LCI scope List of » pd gpu - Quantity: None unit
. ISt Of processes - Biosphere Flow: _
* Original tree T Consumption
. ps__gpu_loubet * 7Em|55|0n Product:
* Process C e ps_nvidia_ai_gpu_chip_parameter_appa . CO2
* pd electrolytic_capacitors - Quantity: 5.2 g - Amount: 4
R — . . Consumption ® pd smd - Quantity: 22.2 g - Amount: 258 - Database: N
P rocess E ECOI nvent ¢ pd inductors - Quantity: 3.8 g - Amount: 2 - Database: N
process (non C“Ckable) water » pd ics - Quantity: 10.0 g - Amount: 24 - Database: Not s
. 0 .. | t d t d d e pd_memory ics - Quantity: 8.0 g - Amount: 4 - Databasd
riginal root product and Process Nodes * pd_die - Quantity: 81.0 mm2 - Amount: 1 - Database: N
. Product: XXX e pd_pch - Quantity: 10336.0 mm2 - Amount: 1 - Databas
' * pd_connectors - Quantity: 20.0 g - Amount: 3 - Databas
*  Process: XXX e pd_integrated_circuits - Quantity: 8.0 g - Amount: 1 - D3

e |nformation:
Publi ref...

Note: this example does not include parametric approach
10
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Data structure (3)- Original scope and structure of inventory I‘\'EAFESCL%%%H'

Changes for the Better

The original scope and structure of an inventory is an important information to keep.

« Forinstance, the quantity used in a sub-process are often established with respect to the root
product LCl scope.

* New processes may be added under an existing product = lose track of original path in tree.

Page structure (see pd smd thin resistor, pd livebox 6, Dell computer for

examples): pd_dell_3620_computer
corlay edited this page 3 hours ago - 2 revisions
« When importing an inventory, the LCl scope shoud be specified. # Product: pd_dell 3620_computer
« The root process of a root product is clearly indicated. @ List of processes
e ps dell 3620_computer_loubet
« This LCI scope is added under the original process of the root product of the e e ooy
invento ry o Original tree path: rn_pd_dell 3620_computer_ps_dell 3620_computer_loubet

» The original tree path is computed and added under the original process
of the root product of the inventory (link to rn_ file).

A link to the original root product and process nodes is added in each child .
® Original root product and process nodes

process page.

* Product: pd_livebox_6

* Process: ps_livebox_6_production

LCI: Life Cycle Inventory
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. ¢ wmisuBisH
Data import example & ELECTRC

Changes for the Better

GitHub Project
with code to
import/edit pages

Wiki Project

Mardown pages located in
process & product folders.—
New pages created in
process_new &

product_new folders.

©Mitsubishi Electric R&D Centre Europe

RED S

> myenv

update_data bas
.gitignore
fl LICENSE.txt
README.md
~ \Wiki-on-pre s-and-products-for-LCAwiki
> _pycache__

> out_tree

_new

» product

» product_new
oot_node_path
oot_node_path_new

Home.md
pd_db.md
s db.md

Export Control: NLR

base path_source
base_path_target

source_file_ path

root_node LCI_scope = "I

source_file

path = base path source + source file path

Non-confidential
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Tentative parametric approach
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Changes for the Better

The example of Appa’s parametric GPU model has been added to the wiki to help identify necessary adaptations.

This process is now listed under the GPU product page of the wiki.

In the Appa GPU process branch, the wiki page structure
updated as follow to handle the parametric model.

* New “Parameters” section: List of the input
parameter names.

* New “parameters” field: Added to the metadata
following a process name in the “Consumption”
section.

* Models (based on Appa’s “Parameter Matching”):

« If a model is used by a single process, it is
added as a local model under that process.

» If a model is used by multiple processes,
consider creating a Global Model section to
avoid duplication.

* New “Impact Flow" section: Allows for impact
formulas based on parameters (e.g., see

logic wafer).

©Mitsubishi Electric R&D Centre Europe Export Control: NLR

¢ Process: ps_nvidia_ai_gpu_chip_parameter_appa

¢ Characteristics

¢ Parameters

e cuda_core

e architecture

* energy_per_inference
* inference_per_day

¢ lifespan

* usage_location

¢ Global Models (used by several process)

@ Technosphere Flow

& Production

¢ pd_gpu - Quantity: None unit

@ Consumption
Process:
& ps ai_use_phase

I: Local model:
= _inference = f(inference_per_day lifespan

{ Parameters: energy_per_inference, inference, usage_location

© Quantity: None
o Database: Not specified

* ps_nvidia_gpu_chip_manufacturing - parameters: architecture, cuda_core - Quantity: None - D4

¢ Process: ps_logic_wafer_manufacturing

@ Characteristics

@ Parameters

* fab_location

* masks

¢ Global Models (used by several process)

@ Technosphere Flow

& Production

¢ Consumption
Process:

Chimaera (to be classified - put in process by default):

¢ Biosphere Flow

#" |Impact Flow

* Category: "('EF v3.0", 'climate change’, 'global warming potential (GWP100)")_teq
o Amount: (0.049*masks + 0.3623) * 3.14159 * pow(15, 2) #impact originally i
wafer

Non-confidential
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