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Life Cycle Assessment (LCA) curses

All LCA models are wrong. Are some of them useful?
Towards open computational LCA in ICT
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» Direct measurement of biosphere flows is difficult = LCA relies on many models.

* Two curses of model-based LCA :
“Extra-high” level of carefulness

required in LCA!

« Curse 1 : Model validation is difficult.
Measurement is costly and often impractical.
« Curse 2 : We have to compose models because the systems are complex.

Ensuring consistency is hard and validating the composed models is still difficult
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LCA curses — requirements — (high-level) solutions

NON CONFIDENTIAL

Proposed requirements to address the curses

R1 — Model lineage: Know which models depend on which.

R2 — Scope: Give each model a clear domain of validity and explicit assumptions.

R3 — Traceability: Trace results back to source data and model design.

R4 — Non-obsolescence: Version and maintain models, like software.

Proposed framework to meet the requirements

S1 — Dependency graph: Manage model structure like software depen

S2 — Open, versioned repository: Record build recipes and ancestry;
maintenance.

dencies.

support model

S3 — Automatic integrity checks: Enforce mandatory fields, allowed parent—child

relationships, and structure.

S4 — Clear model taxonomy: Cover product/process, impact, conversion, allocation,

uncertainty, and validation.
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LCA curses

Difficulty to list all

biosphere flows
Section 2.2

Curse 1: Model validation

is difficult. Section 2.4.5 pEdps ofnodels (R ]
Traceability (R3) ]

Curse 2: Have to compose

models. Section 2.5.2 Non-obsolescence (R4) ]

LCA requirements

LCA requirements

Modeling approach
Section 2.4

Model lineage (R1)

LCA solutions

Model structure as a
dependency graph (51)
Section 4.1

[ Model lineage (R1)

[ Scope of models (R2)

Open and

versioned repository
Model maintenance (52)
Section 4.2

[ Traceability (R3)

[ Non-obsolescence (R4)

Automatic enforcement
of integrity constraints (53)
Section 4.3

;

Well defined
model taxonomy (54)
Section 4.4
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Example of model-composition risk and how we addressed it with Elecimpact NON CONFIDENTIAL

materials semi-finished products and chips PM manufacturer
yFo-- - - - ------ 3 gy T I (e A
: [ Ni plating J:—'y[ substrate ]\L ! [ Power module (DUT) ] :
! : | | H__Hx I T |
1 + | | | “‘h—._L |
: [ metal sourcing ]{H—IL[ baseplate }-TI________ I :
\ ) ) i | Tk i
____________ [ ! PM assembl &ip) - .
| |y A N = number of chips
solder/ Ag paste : tal =) ! i
: Y : A = area of each chip
I ' - S VR —— P
— G [ IGBT }f/ /* |
|- o |
Chip provides normalized impacts
: PP P : Ap=X[ 1 @Ap=Xp¥p)
Xp-Yp P{ diode ' T T
1 |
t : total =NA AR AD
O dataset D formula-graph input —  blue: supply = orange: binding / demand ?;::::ﬁ:iz}]{:ljpm

« LCl composed of many parametric datasets (sub-LCl), each modelling different steps of a supply-chain.
» Package die-area demand can conflict with assumed chip (IGBT) geometry of impact model

* At chip, if the functional unit is only “1 cm? good-die”, model geometry assumption hidden.
* Binding of dataset parameters with Elecimpact (Orange arrow).

Ref: A multi-level parametric life-cycle inventory data structure for eco-design space exploration: application to an IGBT power module, Vincent Corlay and Pierre-Yves Pichon.
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Overview of Eleclmpact NON CONFIDENTIAL

What it is

» Targets the collaborative construction of Life Cycle Inventory (LCI) data.
 ltis both a database of LC| data and a code stack (open source) to import, export, validate, and process it.
» On the computational side, it can bind parametric datasets and compute impacts in a parallel manner.

Design paradigms (practical implantation of the “solutions” of previous slide)

1. Modular: The « core » package stays small and domain-agnostic. New data models and parsers can easily be
added by anybody as « extensions » (independent package, can be in different repository).

The database is a graph: Data stored as nodes linked by references (no duplication).
Exposes different manners to assess impacts, so one can choose the most relevant one.
Models evolve and are versioned: Graph of models should be easy to update and maintain.
Complement, not replace: “augmented” Brightway format, reusing Brightway functions.

o koD
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Data structure: Graph-based approach

NON CONFIDENTIAL

Typed LCI graph Formula graph (e.g., computes edge amounts)

input params (roots)

Product A
Type: e.g., PCB area

J)'ped product parameters)

? produces
’ I j ‘ ° 1-1
Biosphere Biosphere ~
[ Water (in) Process A CO: (out) ] \ /
\ 7

[ Product B ] [ Product C ] l
]

O technosphere flows / nodes O biosphere flows / nodes @) input parameters O formula operations
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One-to-one mapping between LCI graph and
BW activity format.

Product nodes can be typed (data model).
« Technical characteristics saved as
parameters (e.g., size, mass, etc...)

Generic & flexible data structure that can
preserves symbolic information from diverse
sources (parameter definitions, formulas,
product type ...).

Data imported (=mapped to the data structure)
via dedicated parsers declared in extension.

Notion of graph of LCI datasets.

© Mitsubishi Electric R&D Centre Europe 8



Pipeline overview

NON CONFIDENTIAL

Adding a dataset in the database

>

$ elecimpact igbt.xlsx

igbt.xlsx

Pre processing

xlsx parsing

dedicated X inter-graphs Formulas
edicated parser nd graphs build > grap > .

to recover variable linking optimization

names
Elecimpact Database
Graph of Datasets LCl graphs Formulas graphs Model catalogs
Exports

II Brightway Excel Markdown Html
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Fast impact scoring via scenarios

>,

Elecimpact

$ elecimpact scenarios.elecimpact.json database

Background
database
(e.g., ecoinvent)

Job file

with scenarios

H operator
reduced ecoinvent

Post processing

re-evaluate graphs
formulas

H

impacts calculation
LCIA

|

Exports

scenarios overlays
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Demo: Multi-dataset static html export file

NON CONFIDENTIAL

‘materials semi-finished products and chips

substrate

N

PM manufacturer

NN fof e
1
-]
=
2
&
g8
=
~
[ S

- B
= | Elecimpact 1.0.0
VIEWS
Datasets v
SCENARIOS
Baseline v

one box = one dataset

() dataset () formula-graph input —

——  blue: supply

Ytotal = MALHNDAD

orange: binding { demand

black: dataset input
(before binding)

PMamemblyprocess_steps_industrial MERCEVO

45 params

J IGBT Designes_yv1_0_2_Manufacturinglrentory comman

‘agpaste’

Taseplate

| 211 params

Metal_sourcing_custom_mix_DB_LCIVD
301 params

......

pelca_merge —
4 params

metal

niplating

PMubparts Vi
88 params

pmsubparts
. ¥_subs ¥ L
- &9 params Ni_plating_DEVA
0 params
Ecoinvent_3_B_1_cutoff
0 params
Substate_madel__DB_LCVE
] 118 params
. LC1_Si DHODE INF_VO_PPC comman
124 params T

Ref: A multi-level parametric life-cycle inventory data structure for eco-design space exploration: application to an IGBT power module, Vincent Corlay and Pierre-Yves Pichon.
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“Augmented” BW export format: new fields with “ei” prefix

NON CONFIDENTIAL

33 I Activity |F|F\'\-\l' WAFER PRODOUCTION [process]

name
35 reference product
36 | unit

3T | lacation

35 | database [process]
39 | amount

40 | comment

41 |El activity parametars

Rt W AFER PRODUCTION [process]
Processed cm® of SiI5BT good die [product)
unit

FER

IGET LCI dtb

[Urkriown)

42 | ei_geography (prod. FER

43 | ei_parameters_used ['zarbon_dioside_co2”,”

carbon_monaoxide_co”, "hudrager_h2", "

dd | ei_pracess_uuid [pre 42 738b3cfd604b 2702457 a01=d0335155

45 | ei_uuid [product]
46 | Exchanges
47 | tupe

4d |technosphere
43 |technosphere
S0 | technosphere
51 |technosphere
52 technosphere
53 |techrosphere
54 | biosphere
55 |biosphere
56 |biosphere
57 |biasphere
58 biosphere
53 |biosphere
B0 | biosphere

E1 |biosphere
EZ2 |biosphere
E3  biosphere
Ed | production
55 | Elformulas
EE | ei_formula_scope
E7 | exchange
E& | enchange
E3 | enchange
T | exchange
71 |exchange
T2 |exchange
T3 | enchange
Td | enchange
75 | exchange
TE | exchange
77 |exchange
T8 | exchange
T3 | enchange
a0 | exchange
&1 | exchange
52 | exchange
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b7 32bib5504 T8 3bab0BSEF T T8 5026

name amount unit

market for electricity, mediumw 0,43457323 kilow att hour
market for silica sand [process]  0.0062549 kilogram
market for wood chips, dru, me:  0,0023485 kilogram
market for petroleumn coke (proc 000076733 kilogram
market for graphite (process) 000020327 kilagram
market for hudrochlanic acid. wi 000367316 kilagram
Carbon dioxide, non-fossil (bie: - 0,01063812 kilogram
Carbon monoside, non-fossil (E - 0,00021332 kilogram
Nitragen arides [biosphere] 1. 76T2E-05 kilogram
Methanol (biosphers) 000070323 kilogram
Methane, non-fossil (biosphere 8.8353E-05 kilagram
Ethane (biosphere) 3.7204E-05 kilogram

‘' ater [biosphere] 2.4153E-06 cubic meter
Sulfur dioxide [biosphere] 4, 415E-05 kilogram
Hydrogen (biozphere) 000016044 kilogram
Silizan diovide (biosphere] 2.0327E-05 kilogram
R W AFER PRODCUCTIOM (pa 1 unit
ei_formula_sxchange_index  exchange typ exchange name

0 techriosphere market for electricity, medium
1 technasphere market far silica sand

3 technosphers market for petraleumn coke
4 techrosphers market for graphite

B biosphere Carbon dioside, non-fossil
T biczphere Carbon monaside, non-fossil
& biosphere Mitrogen orides

9 biosphere Methanal

0 bicsphere Methane, non-fozsil

1 bicsphere Ethare

12 biosphere ' ater

13 biosphere Sulfur dicxide

4 bicsphere Hudrogen

15 biosphere Silicon dioride

initial_w afer_thickness","

‘market_For_electricity_medium_voltage", "

methane”, "nitrous_oxides_nox", "

databas referenc location categar ei_suternal_dataset_naode_uuid

ecoinve electricil JP
ecoinve silica sa GLO
ecoinve wood ok Ra's
ecoinve petrolew GLO
ecainwe graphite GLO
ecoinve hudroch Fo's
biospherad
biospherad
biosphera3
biosphered
biasphered
biospherad
biosphered
biosphera3
biosphera3
biasphere3

IGETLC Process RER

exchant exchan: uuid

electricil ecainve 02155 auta—g
siliza sal ecainve f132d454 auto—g
2 techrosphere market far wood chips, dry. me woaod ok ecainve 38771 auta-g
petroleu ecoinve foeadbc auto-g
graphite ecainve B2e27fS auto-g
5 techrosphere market for hudrochloric acid, w hydrach ecoinve 5123717 auta-g
biosphe 03F385E auto—g
biasphe cdediB? auto-g
biosphe TibiGebi auto-g
biosphe 2ced1SE auto-g
biosphe 634416 auto—g
biozphe G Fad3f auto-g
biasphe T4dTES auto-g
biasphe ObF2d3F auto-g
biosphe eTdcSe auto-g
biosphe 672c0c auto-g

['air']
["air")
["air’)
['air')
['air)
['air']
['air']
["air’)
["air’]

(v ater,

name

fGacbBaead 01762 34F3c612917bbde28
B0009bI3c8df8da2aThS e85 2584 25
82229a1cdB0T26e 78S TTE4840fdd T df
073876 adde 20EdF 22250582 0BT 2
fb3eb13436 230054 233 TrheEb38T
f3290=4507 75854576480 abecldSa12
cI0ed T3red 33252 Thbd acfes3e3dolde
93234 adb2a6fddE0TEads 9ed TdddaTod
49b693=8d92326cf9a32 374978323 19ch
=33be3724183551342555d2456174553

scaling_factor”, “slicor_dioxide_sio2”, "

sulfur_dioside_sa2", "wafer_diameter_dwf", "w ater_hZa"]

ei_exter ei_proce ei_uuid

G122 2feTol5d76debic 1238432213524 75153

8011473 382503544 ab3edI2a011ea2l2eeTda
f8097d: 172074=8bd3546207T3885:1346 7320
FaTESTE 363699498 cd864d 743851294 1405035
3E621=f 280058222486 2dbaT 34 1cbf 20E5464 50
Ebbcde; 215Fd822342953Th43da28f34 3242302

{"title™: "I FBactbz (Gacbbaead17Ee3dfA6123Trbbde25_product
e " BOO03E: bOO03E53:8di8daaaTh5fetfSe258d a5_praduct
{litle™ | B22a3a’ 522a3212d80726e 7557 T54840Mdd Tdf_praduct
{title™ "I OFAGTE. 075 TEaddeZbEdf22a5058 2 FOSTF2fe_pradust
{itle™ "l fb3eb13 fb3eb13493F 230054 aF 35 Tfbo5b 38 Ta_produat
Pitle™ "l FE230ed F3230e48077o0e0dE 754 0babec0dSe12_product
{'ritle™ "' 9024 7! cI0ed T3edIT252TEbY acteeSeIde0de_product
{'title™: ! 93234 353234 adb2 264607 adcSed TdddaTed_praduct
r

" 496633 49b633e5d92a6f3a3e37dITE3a319cb_product
' e39bel’ e39be372418355F34 2555424 56174553 _praduct

1itle"

farmula

[[[[market_far_slectricity_medium_voltagel l[linitial_w afer_thickness]"[[3. 1415326535837
([[26. 30 [(limitial_w afer_thickness]"[[3.141532653583733) ([[[w afer_ diameter_dw 10001
({1010 ((finitiz_w sfer_thickness)" (3. 1415326535897 330 (0w afer_diameter_dw IM000)IZ
([[3.30" (linitial_w afer_thickness]"((3.141592653533733)" ([[[w afer_diameter_dw1000)/2
[[(0.9)" (initial_w afer_thickness]" ([3.141532653553733) ([[[w afer_diameter_dw)000)'2
[[[37. 37 (Minitial_w afer_thickress]"([3.141592653553733) " ([[[w afer_diameter_dw)M000)
[[[carban_dicxide_co2) [llinitial_w afer_thicknessI"[3. 1415326535837 3517 ((([w afer_diame
([[zarbon_maonoxide_col (linitial_w afer_thickness) (3. 141532653583 7331 (((iw afer_dian
([[mitrous_oxides_nox)" (liniial_w afer_thickness)"((3.141332653553733) ([([w afer_diamet
(0. 47 (initial_w afer_thickness)"[(3.141592653%83733)" ([([w afer_diameter_dw )M000)
[[[methane] [[[initial_w afer_thicknezs)"([3. 141532653583 7A31 [[[[w afer_diameter_dw ML
[[(0.76)" ([[initial_w afer_thickness])"([3. 141592653589 7331 (([[w afer_diameter_dw )0000:
([[w ater_hZal" (llinitial_w afer_thickness]"((3.141532653553733)" ([[[w afer_diameter_dw I}
([ zulfur_dicxide_so2) [liinitial_w afer_thickness)"((3.1415326535837331 ([((w afer_diamet:
(((hwdrogen_hZ)" (linitial_w afer_thickness]"((3.141592653583733)" ([[[w afer_diameter_dw
[[[zilicon_dioxide_sio2)" [[initial_w afer_thickness)"[[3.141592653583733) [[[[w afer_diame

aramet paramet node_ node B parameter_in
Ef_thize child Urkre Unkncl [Cinitial_w afer_thickness", "
Ef_thise child  Unkne Unkndl [Minitial_w afer_thickness", "
Ef_thisz child  Unkne Unkndl [Minitial_w afer_thicknes:

=f_thize child
=f_thise child
=f_thise child
=f_thise child
Ef_thize child
Ef_thize child
=f_thise child
=f_thise child
=f_thise child
Ef_thize child

Unknc Exterr@ ["carbon_dioxide_coz”
Unkne Exterrd ["carbon_monoride_oo
Unknec Exterr [Minitial_w afer_thicknes:
Unknec Exterr [Minitial_w afer_thicknes:
Urknic Exterrd [Cinitial_w afer_thicknes
Urkric Exterrd [Cinitial_w afer_thicknes
Unkre Exterrd [Minitial_w afer_thickness",
Unkne Exterrd [Minitial_w afer_thickness",”

Unknc Exverr@ [Mhudrogen_h2", “initial_w afer_thickness
Urkric Exverrd [Minitial_w afer_thickness", "

methans”, ™

Export Control: Not Controlled

market_for_ elec:tnc:lty_medlum_uoltage R

Ef_thize child  Unknc Unkndl [Minitial_w afer_thicknes:
Ef_thize child Urkre Unkncll [Minitial_w afer_thicknes: scaling_factar”,
Ef_thize child Unkne Unkndl [Minitial_w afer_thickness", "scaling_factar”, ™

tial_w afer_thickness",
nitial_w afer_thickness
"nitrous_oxides_nox", "
caling_factor”, ™
scaling_factar”, ™
" "waler_diameter_dwf”]

scaling_factar”, ™

“zoaling_factar”, "wal
“wafer_diameter_dwf"]
afer_diameter_dwi"]
afer_diameter_dwf"]
wafer_diameter_dwf"]
wafer_diameter_dwf’]
caling_factor”, ™
"sealing_factor
soaling_factor”,”
wafer_diameter_dwf"]
wafer_diameter_dwf"]

waler_diameter_dwf']
‘wafer_diameter_dwf"
wafer_diameter_dwf"]

afer_diameter_dwl”, "water_hZa"]
ulfur_dioxide_saz", "w afer_diameter_dwf"]
sealing factor”, "wafer_diameter_dwf"]

silicon_dioride_sio2", "water_diameter_dwf']
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Final words: Towards the notion of « middleground » system ? NON CONFIDENTIAL

* Foreground system: specific to and controlled by the system under study.

« Background system: often an external database, outside the direct control
of the study.

« Shared foreground systems = « middleground » system for someone
else’s study?

Elecimpact aims at contributing to the collaborative
management of « middleground » systems.
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