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LCA practices at CEA-LITEN

“Developing differentiating energy technologies for carbon neutrality, transferable to industry”
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Collaboration & Capitalization

m.4  Smartgrid, efficient energy systems + Collaborative edition

I * Share & reuse LCA-model blocks

@ 3 ]

(549 Circular economy and materials Usability

I + Code-friendly & code-avert users

H 1, H pll ose
LCA experts Evoluotu?n what are %ﬁe /mpacts. Interoperablllty

LCA X Eco-design “how to minimize them?”

LCA and other simulation tools

Technicalexperts  gco-innovation “what research roadmap?”



MyYLCA, in brief

The goal
°
(]
User
MyLCA_GUI ﬁ MyLCA_lib
MyLCA ——— + Parametric reusable MyLCA
models, JSON format
Brightway | . . .
lca_algebraic Calculation tasks for Brightway

bw2data @
backend

An overlayer to Brightway, to define parametric, reusable and shareable LCA models, open to a GUI as
much as to Python | Open-source.



Workshop program

1. The Brightway ecosystem

Your usage and the limitations you face (interactive session Mentimeter)
2. MyLCA concepts, through a use case

3. Feedback gathering (interactive session Mentimeter)




'I The Brightway
m ecosystem

Usage and limitations



Join at menticom | use code 4597 2211 M Mentimeter

How do you use Brightway?

Directly in python Through Activity Browser  Through Ica-algebraic Through Firefly Other (specify in the Q&A)

@ (2 J 2/34)

&« > A7 Show trends a Q ") v ? f. ;



Join at menticom | use code 4597 2211 M Mentimeter

Where is your Brightway installed?

@ 2/ Locally on my computer

e Centralized on a shared server

° @D

« > A7 showtrends ) Q i | ? [



Join at menticom | use code 4597 2211 M Mentimeter

Do you share your Brightway projects/databases/inventories with colleagues?

14

Yes No, | don't need to No, but | would like to

<« > A7 Show trends a Q . o ? fa 2



Join at menticom | use code 4597 2211 M Mentimeter

Do you collaborate on your Brightway projects/databases/inventories with colleagues?

13

Yes No, | don't need to No, but | would like to

o @D

« > ~7 Show trends a Q ") v ? f.



Join at menticom | use code 4597 2211

If yes, do you have convenient ways of doing it?

Not really Elecimpact;) firefly
firefly github Gilab
| made a silly JSON format that | use to Share the Excel output in OneDrive Excel

reconstruct projects

M Mentimeter



Join at menticom | use code 4597 2211 M Mentimeter

Do you do parametrised LCA models and calculations?

16

2

Yes No, | don't need to No, but | would like to

<« > A7 Show trends B Q il | ? '. a




Join at menticom | use code 4597 2211 M Mentimeter

If yes, how?
10
. 7

Pure Python (outside Brightway parameters Activity Browser LCA algebraic Other (specify in the Q&A)
Brightway) (bwZ2parameters)
@
€« > A showtrends [ Q i L ? fa a
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Join at menticom | use code 4597 2211 M Mentimeter

What are the biggest limitations you encouter with the current Brightway ecosystem tools ?

Collaboration Parametrisation Coding-skills required Other (specify in the Q&A)

> A7 Show trends a Q il | ? '. ;




2 m MyLCA concepts

A battery use case

14



A simple use case

A medium-size EV battery pack

Functional unit: 40 kWh battery pack
* 12 modules,
« 8cells each,

Scope: cradle to gate

Indicator: GWPI00

Identical cells: model one cell, one module taking 8 cells, and one pack taking 12 modules.

Just set amounts of exchanges.

-
pack

module

cells
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The hiccup

Same cell specifications, but two references?

(pqck
Two cell references: module NMC cells
. 0000
NMC cells, from South Korea 0000
e LFP cells, from Poland
Different cells, from different production routes, 0000
but cells with the same design and requirements. 0000
\_ LFP cells, PO

Two instances of one shared cell design, wired into two different manufacturing contexts?

16



The diagnosis

Exchanges are casted
references.

“One design - two contexts”
means two hand-authored
activities, and duplicated
parameters, exchanges, and
amounts.

We miss a notion of “same
recipe — wired differently”.

NMC cathode, KR

electricity, KR

NMC cell, KR
P P2

LFP cell, PO

LFP cathode, PO Pv P2

electricity, PO

cathode
electricity

Generic cell
P P2
cell

NMC cathode, KR

electricity, KR *——% cCellNMC O—>

,,,,,,,,,,,,,,,,,,,,,, ! NMC cell,
KR

‘ Cell LFP —
LFP cathode, PO — 1 |

/f, LFP cell,
electricity, PO PO

In Brightway, activities are fully wired — no separate layer for the “recipe”
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A socket, not a wire

First piece: ports

4 Cell production )
® Cathode, 1 unit
Cell &—
LElectriCity, 3 kWh
%
cell_prod = my_project.new_activity(<..>)
cell_prod.new_port("cathode", direction="in", amount=1)

cell_prod.new_port("electricity", direction="in", amount=3, unit="kWh")
cell_prod.new_port("cell", direction="out« , amount=1)

A port is a typed connection point, without a
specific source required yet.

The port contains at least the input name
and the required amount.

The dataset becomes a function: accepting
different inputs, reusable and shareable.

Design the cell once, use it in different contexts, share it with other users.
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On a plug-in box

Second piece: containers

container
p
Cell production
E
Cell assembly Cell formation

Cathode

»e Cathode, 1 unit
Electricity ¥ Cell assembled, T unit Cell

»e Electricity, I kWh >

-

S

Electricity, 2 kWh

v

cell_prod = my_project.new_container(<..>)

cell prod.new_activity(cell_assembly)
cell prod.new_activity(cell formation)

Not a simple dataset: a container can enclose more
complexity.

Say “cell production is composed of different
successive steps” which can be grouped in a

container as a sub-model.

A container also has ports.

Define complex sub-models, as functions of their inputs, reuse them and share them.
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On a reusable plug-in box

Third piece: instantiation of templates

container
e 2
SElllfpree e cell_prod = my_project.new_container(<..>)
Cathode [ Cell assembly [ Cell formation | my_project.new_template(cell_prod)
»e Cathode, 1 unit
Electricity » Cell assembled, T unit cell nmc = my_project.new_instance(cell_prod, ‘Cell NMC’, ..)
»¢ Electricity, 7 kWh >o—> 1fp = my_project.new_instance(cell prod, ‘Cell LFP', ..)
pe¢ Electricity, 2 kWh
N\ J
e N
The design is defined once, in a container. NMC cathode, KR ————»e ! NMC cell, KR e e
i\ CellNMC = modules o
Electricity, KR —————>¢ ; . assembly
. R O T casing —»*
The container can serve as a template and be \ J
. . . . e N
instantiated and used at different places in a @Easaazaccoe s \
. . . LFP cathode, PO ———— ¢ \ LFP cell, PO LFP modul
model, taking different inputs. N | CelllFP o » assembly T
Electricity, PO —————»e ) .
Mo casing —>¢




Templates and instances can be nested

container
4 2\
Cell production
cell_prod = my_project.new_container(<..>)
p 7 my_project.new_template(cell_prod)
Cell assembly Cell formation
Cathode '
»¢ Cathode, I unit . module_prod = my_project.new_container(<..>)
Electricity . r Cell assembled, 7 unit cell module_prod.new_instance(cell_prod, ..)
»e Electricity, I kWh >o—p
pe¢ Electricity, 2 kWh
\§ J
M u o ” . t i
An instance of the “Cell production” template is o ; N
. N . . . Module production
nested inside the “Module production” container,
which can then be used as a bigger template. | ooy : f \
i Cell production Module assembly
Cathode : |
. »e Cathode, T unit :
Containers from any author can be aggregated, Flectricity i N e——— Cells, 8 unit odule
used and reused across a model, and shared. >4 Electricity, 3 kWh 5 >
Casing ~ TTTTTTTTTTTTTTTTYC . ,
»e Casing, I unit
— Reusable LCA-model blocks L }

21
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Ports can serve as mixers

container
e N
Module production
. Cell production i [ Module assembly ) pack_assembly.ports[‘modules’].amount = 12
Cathode :% Cathode, T unit i pack_assembly.ports[‘modules’].exchanges = [
Electricit : s——»¢ Cells, 8 unit {source: module_NMC, ratio: 0.75%,
y ' - : Module .
»¢ Electricity, 3kWh : ,— isource: module_LFP, ratio: 0.25%]
Casing Bl , ,
»pe Casing, I unit
\ J
Ports of activities and containers can have several =~ \ ttoommsoooooe- N
NMC COthOde, KR : Bqttery pqck
source exchqnges. Electricity, KR : Mﬁalge : NMC Modules assembly
Casing —N' ,:
A ratio can be set, to split the totalamount between - / Niios 1o
ules,
each source. Y __instance \ 4 L,
LFP cathode, PO ————»4 i Battery
Electricity, PO —>+ Mt:i:le 0:— pack
i 1 LFP Modules
Casing ————>¢ J
Electricity, DN B g%c;‘r/ﬁ;ty’

J

= -




Different cell types?

Forth piece: switches

container
p
container Cylindrical cell production W
[ — . .
container Prismatic cell production ) cell_pouch = my_project.new_container(<..>)
4 . R my_project.new_template(cell_pouch)
Pouch cell production

Cq

Ca p p N cell_switch = my_project.new_switch(<..>)
El Cathode Cell assembly Cell formation cell_switch.new_instance(cell_pouch, ..)

El »¢ Cathode, T unit

Electricity » Cell assembled, T unit ;
»e Electricity, I kWh ce >o—>
~— pe Electricity, 2 kWh
~— . J
~ o Cell switch N
S \
Cells can actually be of different types: from the same inputs. , Cylindricalcell 4
Build one template for each, and put instances in a switch. Cathode ————»¢  “TTTTTITTIIIIIIT
I Prismaticcell ¢ »—>

Enables modularity in the model, for scenario calculations Electricity —————»¢  _JIIIIIIIIIIIIIIII0 S

& —

and comparison.

o
o
c
o
>
0
o
e

Alternatives in a switch can be from any author.
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All backed by a parameter system

Cell production

mass = cathode.mass + anode.mass
anode.capacity = 1.1 x cathode.capacity

. ) e A
Cathode production Cell

mass = 15 mg  assembly
\capacity = 3 mAh

P
Anode production

mass = capacity / 350 p
capacity

Parameters are defined within
activities and containers, so that sub-
models can be self-sufficient.

A container can access its content in
reading and writing.

v

Module

~
Cell production
surface = 300 mm?
f ) s N
Cathode productlo}\\ Cell
surface = is_inherited ' assembly
&
4
Anode production
surface = is_inherited * |
N \§ J
/

To enable « upward » access, a child can
inherit a value from its ancestors.

This enable automatic context-
dependant affectation, whichever the
parentis.

v

Cell c
capacity =

capacity = 12 8 x idfcells.capacity

mAh » cells, 8 units

\ J

An activity or container can access
parameters from its inputs, throught its
ports.

This also enables automatic context-

dependant affection, whatever the input
is.

24




Where are MyLCA'’s real benefits?

Everything so far is class/instance modeling, doable in
Python.

Paired with a GUL: Paired with Model-Based Systems Engineering:

» Drag a cell block, connect its ports, pick alternatives - Conduct LCA directly from MBSE system models
from a dropdown, drag a module block, etc. and editors

Same functionalities — no script required.

Same system — described only once.

Niveau 2 - Batterie : > RUN COMMANDS.
% "Model" C  TABULAR VIEW "% Explorer & Process View x = Details =
Name F T - Y ¢ ; &
Y EDITORVIEW +F QA0 ntpopRaa<<{ AyEBEHHEUr@ERNOT v < B
Waodel » Ta CELLsysml- Nivea 1 ead-only] LCA Content anced
Version > Ty oA sy Container Content
<+ ADD NODE > g CELLsysml &
— + . Declared Name
0.0.0
Cell production cell formation e - BATTERY
Author . S
1D: 289b3291-3897-4137-8e08-344c49c15deb 1D: 64527619-2391-4097-89c7-a8114522831F = Declared Short Name
M Custom 1D (:umamprgudf i + Custom ID: My activity :
UUID: B12¢6756-08td-4106-9529-F987c6bTAB8F UUID: BfdcB229-39a0-4d81-ae5T-8bcsbo3cTam === .
* parametersi 0 Parameters: 0 = T=EL = Documentation @
v = Ports: 2 = B
< Content + [0 Children: - :
cell formation a =
Typed by
~ Cell production e +8
£ containerDet .
Module assembly Y BACKGROUND DATABASE Q Database: ecoinvent 312 cutoff = - - - -
Pack assembly i rmarket for sewage sludge, 70% water, WWT, sewage sludge, 70% water, WWT, WW fow v ecalnvent = -
WW from tube collector production from tube collsctor production o € 312 cutoff [
paper production, woodcontaining, i renderad o y ecalnvent = |- o =l =1
i paper, woodcontaining, supercalendere: oW g 1 et -
electricity production, photovoltaic, 3kWp N —
) ecolnvent =
slanted-roof installation, multi-Si, panel, electricity, low voltage CN-NX kwh =
312 cutoff =
mounted
tap water production, underground water ecalnvent
. tap water co kg - =
without treatment 312 cutoff
market for printed wiring board mounting ecoinvent ==
rinted wiring t ti lity G = Ll
facility printed wiring board mounting facility Lo unit 1o toff .

LCA web GUI MBSE-based LCA web GUI
25




A shared, versioned, LCA models catalogue

The goal

@ @
dah dah

MyLCA could provide it as a global solution User A UserB

with the following benefits:

MyLCA_GUI ﬁ MyLCA_lib  [»

- Formalize concepts to define parametric,

reusable, and sharable LCA sub-models
API MyLCA

« Serve them to both Python and non-Python tl v 1
practitioners. MyLCA_DB MyLCA_calc

Brightway |
Ica_algebraic

bw2data @
backend

= An internal catalogue of versioned parametric LCA models, computable with Brightway,
open to a GUI as much as to Python | Open source
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Any questions?

Ports - Containers - Templates -

Instances -

Switches -

Parameters

27



3 m Feedback gathering

28



&«

Join at menticom | use code 4597 2211 M Mentimeter

\What do you think of adding ports to activities and containers?

10
9
1
I

Very useful Maybe useful Confusing Useless

> A7 Show trends a Q i v ? fa a



Join at menticom | use code 4597 2211 M Mentimeter

\What do you think of the notions of containers | templates | instances?

12

3

2
U e

Very useful Maybe useful Confusing Useless

« > A showtenas ) Q b @ ? fa a




Join at menticom | use code 4597 2211

Which MlyLCA usage would suit you the most?

12
10
6
- :

Single user | Python  Single user | GUI Multiuser | Python ~ Multi user | GUI

M Mentimeter




Join at menticom | use code 4597 2211 M Mentimeter

Are there things you could do with MiyLCA you can't do today?

i can but it more work?

Build complex models more easily

Share with colleagues

Collaborate easily No but definitely would be nice to habe
a common interface for sharing

Data models for processes
having fun with yet another silo :-)

Unable to answer

Maybe




&«

Join at menticom | use code 4597 2211

Anything missing? Any other comments or remarks?

already thinking to make it usable within Make sure that you require proper
the sentier.dev infrastructure classifications for things entering in
ports for future sharability

- End presentation Q

M Mentimeter




Credits

Graphics

This icons on slide 2 are from wichai.wi, accessed on flaticon.com

Use of Generative Artificial Intelligence

9 successive prompts on the Claude Sonnet 5 LLM were used to help draft the storytelling of this presentation.
All the slides and graphics are then pure PowerPoint made entirely by the author.

Icons:
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Thank you for your participation!

Maneval, Victor — victor.maneval@cea.fr

Perdu, Fabien — fabien.perdu@cea.fr

Jamet, Didier
Goutelle, Mathieu
Maillot, Isabelle
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